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Abstract 

The objective on this paper is to compare the extreme rainfall characteristics, deduced from the best 

modelled probability distribution functions and the actual precipitation measurements, obtained at 

the Department of Meteorology and Climatology of the Aristotle University of Thessaloniki 

meteorological station. 

To meet this objective, the proven best models for the simulation of the annual and seasonal 

extreme rainfall events at the Thessaloniki meteorological station, that is: Generalized Pareto, Johnson 

SB, log-Pearson and Fatigue Life (3P) probability distribution models, are appropriately applied 

to generate the extreme rainfall characteristics for the period 1947-2003. 

The measures of central tendency and variability, for regular and ordinal data, are calculated -in 

an annual and seasonal basis- in order to compare the two different approaches. Hence the 

deviations between and among the measured and the modelled values of rainfall: means, medians, 

standard deviations, variance, skewness and kurtosis, are compared to demonstrate any existent 

difference. The deviations between the projected and actual measures of central tendency values are 

discussed, with respect to the contribution on climate change. 

 

Keywords: extreme rainfall measurements; extreme probability distributions; rainfall simulation 

 

INTRODUCTION 

Predicting and adapting to changes of the 

statistical characteristics of extreme 

precipitation events in the context of a 

changing climate is one of the major 

challenges of the climate change community. 

The warming is projected to continue and is 

likely to be accompanied by changes in 

extreme weather and climate events [1]. 

According to Cubasch et al. [2], precipitation 

extremes could increase by more than the 

(annual or seasonal) mean and may cause 

more frequent and severe floods in a future 

warmed climate. Therefore, changes that will 

potentially observed in the extreme rainfall 

characteristics are crucial and of a great 

research interest, due to its enormous impact on 

humans, their properties and the environment. 

 

 

Although bibliography seems to be extensive 

on the studies concerning the projected 

changes in extreme precipitation [3 - 11], 

very few researchers [12, 13] examined 

extreme rainfall characteristics of a single 

station. Since the geographical structures of 

the  studied  area  affect  substantially the  

spatial  variability  of  extreme  precipitation 

events, these studies are deemed to be 

invaluable tools in the prevention of the flood 

damages by the construction of certain 

projects, such as drainage systems and dams. 

On the other hand, despite the fact that a lot of 

scientific work has already been done 

worldwide on the subjects related to the 

statistical characteristics of extreme 

precipitation [14 – 20], very few researchers 
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examined the statistical analyses of extreme 

rainfall conditions by using hourly 

precipitation measurements [21 – 25]. This 

could be attributed to the rarity of these data 

information. However, according to Kanae et 

al. [26], the study of extreme rainfall 

occurring on a smaller scale than daily may 

reveal a more effective presentation of the 

observed trends. Moreover, the utilization of 

hourly records is more beneficial, as the heavy 

precipitation events occurring mainly in the 

warm period of the year, are characterized by 

their short duration. In Greece, the studies 

using hourly precipitation measurements are 

limited. Particularly, in Thessaloniki the 

investigation of the diurnal rainfall pattern is 

the unique example of using hourly rainfall 

data and was carried out by Giles and Flocas 

[27]. 

The purpose on this study is to compare the 

extreme rainfall characteristics, deduced from 

the best modelled probability distribution 

functions and the actual precipitation 

measurements, obtained at the Department 

of Meteorology and Climatology of the 

Aristotle University of Thessaloniki 

meteorological station. Deviations between 

extreme rainfall characteristics produced by 

two other approaches are also discussed, on 

annual scale, through the utilization of hourly 

precipitation records. 

In Section 2, a detailed description of both the 

materials and the methodology used, is 

provided. The analysis of the results of the 

deviations between the measures of 

tendency and variability of extreme rainfall 

datasets, on annual scale, is provided in 

Section 3. Moreover, the seasonal outcomes 

of the comparison of the statistical 

characteristics of the first approach are 

discussed in this section. The conclusions are 

drawn in Section 4. 

 

DATA AND METHODOLOGY 

The data used in this study are hourly 

measurements of precipitation obtained at the 

Meteorological  Station  of  the  Department  of  

Meteorology and  Climatology of  the 

Aristotle University of Thessaloniki (AUTH) 

for the period 1947 - 2003. Regarding the 

homogeneity and the randomness of the  

examined time series of precipitation, the 

Bartlett’s test of homogeneity and the 

Cramer’s test, respectively, were applied by 

Stathis and Mavromatis [28] for a little longer 

period (1930 – 2003). Results indicated great 

precipitation homogeneity of the data, as well 

as absence of randomness. 

As far as the definition of extreme 

precipitation is concerned, the selection of a 

fixed absolute threshold was preferred to 

percentiles, based on the fact that absolute 

threshold is deemed to be the most 

appropriate and efficient technique, as it 

contributes significantly to the understanding 

of the impact of extreme rainfalls on the 

society locally. To be specific, the suggestion 

of Douka et al. [29] is adopted. 

Characteristically, they concluded that the 

value of 6.5mm/h is defined as the hourly 

threshold of extreme precipitation in 

Thessaloniki, during the period 1947-2003 and 

it corresponds to 93% of the total rainfall data 

(daily precipitation ≥ 0.1mm). Therefore, the 

data exceeding the aforementioned hourly 

threshold were classified in annual and 

seasonal basis. 

In order to assess the changes of the 

statistical characteristics of extreme 

precipitation events in the studied area, the 

following three case studies are examined. 

 

➢ 1st Case Study: Two sets of rainfall data are 

employed. The first one (1st set) is consisted 

of the actual extreme precipitation 

measurements of AUTH, while the second 

one (2nd set) contains estimated rainfall 

values for the period 1947 - 2003. To 

generate the latter set of data, the parameters 

of the, proven by Douka and Karacostas 

[30], best models for the simulation of the 

annual and seasonal extreme rainfall events at 

the Thessaloniki meteorological station, that 

is: Generalized Pareto, Johnson SB, log-

Pearson 3 and Fatigue Life (3P) probability 

distribution models, are appropriately used. 

Mean value, median, standard deviation, 

variance, skewness and kurtosis were then 

calculated for both sets of data, on annual 

and seasonal scale. The deviations between 

and among the measured and the modelled 

statistical characteristics were compared to 

demonstrate any existence difference. Last 

but not least, normalization of the data was 

performed, in order to be better represented 

and compared graphically. 
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2nd Case Study:  In this case study, the 

extreme rainfall measurements obtained at the 

meteorological station of AUTH were 

separated in two data sets. The first one (1st 

set) is made up of the odd actual rainfall 

measurements (x1, x3, …), whereas the 

second one (2nd set) contains the even actual 

precipitation records (x2, x4, …). The 

statistical characteristics calculated in the 1st 

case study, as well as the normalized values 

of the data were also estimated for both sets. 

The stability of the time series is examined 

through the present case study. 

3rd Case Study: In this last case study, the set 

of actual precipitation measurements 

exceeding the threshold of 6.5 mm/h were 

divided in two time series as follows: 1947 - 

1975 (1st set) and 1976 - 2003 (2nd set). The 

deviations between the actual (1st set) and 

“projected” (2nd set) measures of central 

tendency values are then discussed, with 

respect to the contribution on climate change. 

 

RESULTS 

The annual statistical characteristics of 

extreme rainfall events for both data set of 

each case study, as well as, the graphical 

comparison of their probability functions, 

are provided in Table 1and Figure 1, 

respectively.  
 

Table 1. Calculated extreme rainfall characteristics for both  

1st and 2nd data set of each case study (C.S.), annually. 

Statistical Characteristics 

1st C.S. 2nd C.S. 3nd C.S. 

1st set 2nd set 1st set 2nd set 1st set 2nd set 

Mean 11.3 11.3 11.1 11.5 11.7 11.0 

Median 9.2 9.5 9.0 9.5 9.3 9.1 

Standard Deviation 6.2 6.3 6.6 5.8 6.6 5.7 

Variance 38.2 39.1 43.3 33.2 43.0 32.6 

Skewness 3.0 3.3 3.6 2.0 2.5 3.7 

Kurtosis 13.0 14.5 18.2 4.4 8.2 22.4 

Regarding the deviations between and 

among the measured (1st set) and the 

modelled (2nd set) statistical characteristics 

of the first case study, no significant 

difference is found. Moreover, it is worth-

noting that the mean value for both data sets 

appears to be absolutely the same. This 

could be attributed to the fact that the 

second data set is consisted of estimated 

values, being produced by generating random 

numbers from the parameters of the best 

fitted, to the actual rainfall measurements, 

model. As far as the information contained 

in their probability functions (Figure 1a) is 

concerned, it seems to be identical. 

However, the weakness of the Generalized 

Pareto distribution to simulate the maximum 

hourly measurements is evident. 

Turning now to the changes of extreme 

rainfall characteristics between the data sets 

of the second case study, the odd 

measurements (1st set) tend to be spread over 

a wider range from the mean value than the 

even records (2nd set) of the studied period.  

This remark seems to be consistent with the 

probability functions of the aforementioned 

data sets (Figure 1b), since the “red line” 

is shown to be interrupted at, 

approximately, 37 mm/h.  The  latter  

conclusion  is  also  verified  by  the  almost  

platykurtic  distribution function, as well as 

its positive skewness. In particular, the 

skewness of the distribution of the even 

measurements is smaller than the 

corresponding one of the odd values, 

implying the longer tail on the right side of 

the probability function of the latter data set. 

On the question of the outcomes of the 

third case study, it is apparent from the 

Figure 1c that they present converging 

behavior with the ones of the second case 

study. Specifically, it has been noticed that 

the “projected” values of the period 1976 – 

2003 tend to be placed closer to the mean 

value than the actual values of the period 

1947 – 1975. The above mentioned are also 

supported through the changes between the 

1st and the 2nd data set of the third case 

study (Table 1). However, the skewness of 

3.7 units of the “projected” probability 

function testifies its longer tail on the right.  
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Figure 1. Comparison between (a) actual and modelled values, (b) odd and even actual measurements, 

and (c) actual data of 1947-1975 and “projected” ones of 1976-2003, on annual scale, for the 1st, 2nd 

and 3nd case studies, respectively. The x represents the precipitation in mm/h, while the y axis 

illustrates the frequency. 
 

Concerning the seasonal characteristics of 

extreme rainfall events for both data set of the 

first case study, they are presented in Table 2 

and in Figure 2, as well. As it can be seen 

from Figure 2, in winter, no clear difference 

between the two data sets was observed. In 

Table 2, the absolute deviations between the 

actual and modelled measures of tendency 

and variability are almost identical, as it 

was expected. As far as the outcomes of the 

spring and autumn analyses are concerned, no 

appreciable difference between the 

characteristics of the two data sets is proved. 

On the other hand, in summer, the standard 

deviation of the actual data is 7.5 units, while  

 

the corresponding measure of the modelled 

data is 5.8 units. In other words, the actual 

extreme precipitation measurements at 

Thessaloniki, tend to deviate from the mean 

value more than the modelled ones. This 

conclusion is supported by the results in 

variance, which present a difference of 

approximately 10 units between the two data 

sets. Therefore, the distribution of actual 

data is shown to be more “platykurtic” in 

summer, relating to the one of the modelled 

data. Last but not least, it is remarkable that an 

underestimation of the over 20 mm/h extreme 

rainfall data has been noticed by the model. 

This can be attributed to the fact that models 
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often tend to underestimate heavy rainfalls, 

very cold or very hot temperatures, since 

their resolution and the numerical 

differentiations, which ensure their stability in 

long runs, limit the range of variations of their 

prognostic variables [31].

 
Table 2. Calculated extreme rainfall characteristics for both 1st and 2nd data set  

of the 1st case study (C.S.), seasonally. 

Statistical Characteristics 

Winter Spring Summer Autumn 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Mean 9.1 9.3 10.7 11.1 12.9 12.9 10.8 10.6 

Median 8.0 8.4 8.9 9.0 10.8 11.5 8.4 8.5 

Standard Deviation 2.7 2.8 5.1 5.2 7.5 5.8 5.9 6.2 

Variance 7.2 7.7 26.1 26.6 55.7 33.1 34.8 38.3 

Skewness 1.5 1.6 2.6 2.1 2.9 2.8 2.4 3.3 

Kurtosis 2.1 1.9 8.9 5.2 11.4 13.9 7.3 14.1 

CONCLUSION 

In the present study, an effort was made to 

assess the changes of the statistical 

characteristics of extreme precipitation 

events in the context of a changing climate. 

To meet this objective, three case studies 

were studied. Results indicated that in the 

first case study, no significant difference 

between the actual and the modelled 

measures of central tendency values was 

present, while in the second case study the 

stability of both data sets was confirmed. As 

far as the third case study is concerned, it  

 

has been observed that the deviations 

between the characteristics of actual and 

“modelled” data behaved in a similar way 

with the corresponding of the second case 

study. Last but not least, despite the fact that 

the estimation of the changes of the extreme 

rainfall characteristics involves 

uncertainties, it has been shown that the 

knowledge of them could act as a useful 

tool for designing the appropriate 

infrastructures for prevention of damages. 
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Figure 2. Comparison between actual and modelled values for the 1st case study, seasonally. 

The x represents the precipitation in mm/h, while the y axis illustrates the frequency. 
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Abstract 
Atmospheric circulation is one of the factors that greatly explain the variability of rainfall in an area. The 

objective on this study is to model the daily rainfall in the region of Thessaly-Greece, based on the 

prevailing upper-air synoptic circulation types of the atmosphere. The rainfall data used are daily records 

of rainfall measurements encountered at the meteorological station of Larissa for the period 1958-2015. 

Rainfall episodes of the examined period were classified into ten (10) upper-air synoptic circulation types, 

based on a subjective synoptic classification scheme. The relationships, between and among, these upper-

air synoptic circulation types and the associated rainfalls are studied and their characteristics are presented. 

The main upper-air synoptic circulation types, which are quite favorable to rainfall activities at the 

examined meteorological station of Larissa, appeared to be: the open Long Wave trough (L-1), the closed 

Long Wave trough (L-2), the Cut-Off Low (L-3) and the South-West flow (SW). From the analyses of the 

rainfall measurements of the aforementioned upper-air synoptic circulation types is concluded that the best 

fitted and the most appropriate distribution models are: the Gamma, Generalized Pareto, Weibull and 

Generalized Pareto, respectively. It is proven that these models describe the rainfall characteristics in the 

examined area very adequately. 

 

Keywords: rainfall distribution model; synoptic circulation types; extreme value distributions;  

    Thessaly-Greece. 

 

INTRODUCTION 

Thessaly is one of the largest rural areas in 

Greece, where rainfall is one of the most 

important sources of water for the cultivation 

and growth of crops. The knowledge of the 

rainfall regime and particularly of the rainfall 

probability distribution density functions 

could contribute towards better water 

management and decision making on crop 

irrigation plans. 

The rainfall regime characteristics in an area is 

largely determined by the upper-air synoptic 

circulation types. Many synoptic classification 

schemes have been developed for different 

areas around the world with the aim to link 

together climate, weather and a wide range of 

environmental variables [19], [15], [10]. Over 

the major area of Greece, several researchers 

have developed and  

 

 

proposed specific and quite 

appropriatesynoptic classification schemes 

[11], [12], [16]. 

Atmospheric circulation is one of the factors 

that greatly explain the variability of rainfall in 

an area. Many researchers have attempted, 

mostly successfully, to relate the rainfall 

characteristics with the changes in atmospheric 

circulation [20], [21], [23], [7], [9], [17], [1], 

[18]. As an example, and focusing over the 

eastern Mediterranean region, there was 

detected a reduction in the frequency passage 

of depression activity, which reflected to an 

observed decrease of precipitation over the 

Greek region [14], [2], [6], [13]. 

An important tool in the thorough study of 

rainfall is the exact and theoretical knowledge 

of its probability distribution function. 
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TheGamma distribution (2-parameter) 

function was generally proposed, as the most 

suitable distribution model for wet-days 

rainfall amount [22], [3]. Moreover, the 

Weibull and other exponential distribution 

functions have been proposed as equally 

appropriate distributions for daily rainfall 

behavior [25], [24], [5], [4]. 

However, the choice and adaptation of the 

most appropriate and suitable model requires 

careful interpretations since there is no 

complete agreement between theoretical and 

empirical distribution of data information. The 

choice of the appropriate model depends 

mainly on the characteristics of the variable 

displayed in the area of interest. The objective 

on this study is to determinate the best fit 

probability distribution models, based upon 

the upper-air synoptic circulation types, for the 

prediction of daily rainfall data in the region of 

Thessaly. 

 

DATA AND METHODOLOGY 

The data used to meet the aforementioned 

objective on this study are daily records of 

rainfall measurements encountered at the 

meteorological station of Larissa for the period 

1958-2015. The rainfall episodes of the 

examined period were classified into ten (10) 

upper-air synoptic circulation types, based 

upon a subjective synoptic classification 

scheme proposed by Karacostas et al. [11] and 

Karacostas [12]. This synoptic classification is 

mainly based on the isobaric level of 500hPa 

and the position and orientation of the trough 

or ridge axes. A short description of the ten 

upper-air synoptic circulation types is briefly 

described as follows: 

Zonal flow (ZON):The existence of this 

upper-air synoptic circulation type implies the 

existence of low amplitude trough to the 

northwest and a low amplitude ridge to the 

southeast of the area of interest. 

North-West flow (NW): This flow arises 

from the presence of a long wave ridge located 

west-north-west of the area of interest and a 

long wave trough east-south-east. The result of 

this circulation is the transport of cold air 

masses from the north or northwest to the area 

of interest. 

Open Long Wave trough (L-1): A 

characteristic of this type is the presence of a 

trough over the area of interest with its axis 

being either vertical or inclined without the 

appearance of a closed contour curve (Fig. 1a). 

Closed Long Wave trough (L-2): This type 

has similar features to L-1 with the difference 

to be found in the existence of at least one 

closed contour curve inside the trough (Fig. 

1b). 

Cut-Off Low (L-3): It is characterized by the 

closed contour lines, resulting in a cut-off low, 

completely separated from the main general 

circulation, being to the north of it. It is the 

mature stage of “L-1” and “L-2” types. The 

kinetic energy of the system has been 

transformed into dynamic energy and hence it 

remains almost stationary, with longer living 

time compares to “L-1” and “L-2” types (Fig. 

1c). 

South-West flow (SW):It is the result of the 

existence of a long wave trough located west-

south-west of the area of interest and a long 

wave ridge at its east-north-east (Fig. 1d). 

Open Long Wave ridge (H-1): The 

characteristic of this upper-air synoptic 

circulation type is the presence of a long wave 

ridge over the area of interest with its axis 

being either vertical or inclined, without the 

appearance of a closed contour line. 

Closed Long Wave ridge (H-2): This type has 

similar features to “H-1”, with the difference 

to be found in the existence of at least one 

closed contour line inside the ridge. 

Omega blocking (Ω): It is the result of the 

proper arrangement of two low pressure 

systems and a high pressure one, in such a way 

to form the Greek letter “Ω”. This formation 

creates a blocking mechanism, as it prevents 

the movement of the low pressure systems 

eastwards, forcing them either to remain 

stationary in the west, or move either to the 

north or to the south of it. 

Undetermined pattern (H-L): In this upper-

air synoptic circulation type there is no clear 

distinct pattern to categorize it to the previous 

synoptic types. Sometimes, these patterns are 

diffluent-like flow circulations with variable 

low intensity winds.  

The study period is divided in two subperiods: 

1958-2004 for the exploration and 

determination of the most suitable distribution 

models and 2005-2015 for the verification and 

confirmation of the identified models. Using 

the rainfall data of the exploratory period of 

1958-2004, the rainfall characteristics and the 
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relationships, between and among, the upper-

air synoptic circulation types and the 

associated rainfalls, are studied. The main 

upper-air synoptic circulation types which 

affect the rainfall behavior in the area, have 

been identified using two parameters, the 

index PI and the frequency of rainy days in 

each synoptic type. The PI is defined as the 

ratio of the mean daily rainfall amount of the 

wet days of each synoptic type, to the mean 

daily rainfall amount of all the wet days. If the 

ratio is greater than 1 then the daily rain 

amount is greater than the corresponding mean 

rain amount of the station [8], [9], [17]. 

 

 
 

 

  

Figure 1. Schematic representation of 500hPa geopotential height (gpdam) for the main upper-air 

synoptic circulation types over the region of Thessaly: (a) Open Long Wave Trough (L-1), (b) Closed 

long Wave Trough (L-2), (c) Cut-off low (L-3) and (d) South-west flow (SW). 

 

These parameters have been calculated for the 

total number of rainy days of the period 1958-

2004 and on a monthly basis. Then, for the 

main circulation types, the choice of the best 

fit distribution models has been made using the 

following three statistical goodness of fit tests:  

 

 

the Kolmogorov-Smirnov, the Anderson-

Darling and the Chi-square. Finally, the 

verification of the identified models has been 

made using the data of the confirmatory 

period, 2005-2015, where conclusions are 

drawn concerning their prediction 

performance.   

 
Table 1. The values of the parameters PI and the frequency of rainy days of each one upper-air synoptic 

circulation type, for the period 1958-2004. 

  

 UPPER-AIR SYNOPTIC CIRCULATION TYPES 

 ZON NW L-1 L-2 L-3 SW Η-1 Η-2 Ω H-L 

ΡΙ 0.63 0.47 0.96 1.25 1.23 1.02 0.62 0.37 0.65 0.73 

FREQUENCY 3% 5% 21% 19% 10% 31% 3% 0% 1% 8% 

a b 

c d 
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RESULTS 

RELATIONSHIP BETWEEN RAINFALL 

AND CIRCULATION TYPES 

The values of the parameters PI and the 

frequency of rainy days for each upper-air 

synoptic circulation type are calculated for the 

total of rainy days, as well as, for each month, 

separately. Their values for the period 1958-

2004 are shown in Table 1. The parameter PI 

shows values up to 1 for the types L-1, L-2, L-

3 and SW. At the same time, these types show 

the highest values of frequencies of rainy days. 

Similar results have drawn from the 

calculation of the parameters on a monthly 

basis (not shown). 

For theaforementioned upper-air synoptic 

circulation types, the rainfall characteristics  

 

 

 

and their trends are studied. Table 2 depicts the 

statistical measures which characterize the 

rainfall distribution of the main upper-air 

synoptic circulation types, for the period 1958-

2004. It is obvious that the rainfall behavior is 

different from one type to another. The rainfall 

indicates intense variability and higher rainfall 

measures during the prevalence of L-2 and L-

3 upper-air synoptic circulation types. The 

rainfall shows inhomogeneous characteristics 

on a monthly basis,during their prevalence. 

The trends are calculated using the linear 

regression and are characterized as statistically 

significant at the 95% confidence level.   
 

Table 2. Statistical measures characterizing the rainfall distribution  

of the main upper-air synoptic circulation type, for the period 1958-2004. 

Circulation 

types 
Mean 

Standard 

deviation 
Median 

Coefficient of 

skewness 

Coefficient of 

kurtosis 

L-1 4.7 5.9 2.6 2.8 12.6 

L-2 6.1 8.5 3.3 3.7 21.9 

 L-3 6.0 9.6 2.4 3.4 22.1 

SW 5.0 6.9 2.8 3.3 14.6 

Table 3 depicts the trends of the rainfall 

characteristics of the main upper-air synoptic 

circulation types, for the period 1958-2004. 

The upper-air synoptic circulation types L-1 

and L-2 show positive trends for the three 

measures, with the highest values being 

displayed in the total rainfall (Table 3). This 

implies an increase in frequency of their rainy 

days, as well as, in the daily rainfall amounts. 

For L-3 and SW, the behavior of the above 

features seems to be different. It is worth  
 

pointing out the negative trends in the SW 

type. That is in its occurrence and in its 

contribution of the total rainfall recorded in the 

study months. Statistically significant trends of 

these characteristics (α = 0.05) are those of 

rainy days frequencies of L-2 and SW types. 

However, from the study of the trends of the 

above characteristics on a monthly basis, 

significant conclusions are drawn for the 

variability of precipitation by synoptic type. 

 

Table 3. Trends of rainfall characteristics of the main upper-air synoptic  

circulation type, for the period 1958-2004. 

Circulation  

type 

Trend of rain 

 days' frequency  

Trend of mean 

 daily rainfall 

Trend of rainfall 

totals 

L-1 0.080 0.010 0.530 

L-2 0.113** 0.010 0.760 

L-3 0.046 -0.061 0.043 

SW -0.240** 0.030 -0.690 

Statistically significant at the 95% confidence level. 
 

PROBABILITY DISTRIBUTIONS AND 

UPPER-AIR CIRCULATION TYPES 

For the determination of best fit theoretical 

probability function for the main upper-air 

synoptic circulation types, statistical tools  

(goodness of fit tests) have been adopted. The  

 

 

results of the statistical test scores and the best 

fit models are presented in Table 4. For the 

determination of the best fit model, the 

probability distributions, which are proposed 
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as the second best fit models for the tests, have 

been tested, too. The results reveal that in 

many cases there was very little difference 

between and among the various distributions. 

For this reason, verification measures 

(correlation coefficient, mean absolute error 

(MAE), mean square error (MSE), etc) have 

been calculated for the selection of the best fit 

probability model(s) of the daily rainfall for 

main upper-air synoptic circulation types. The 

tests’ results and the preferable choices of the 

best models are briefly described for each one 

of the main upper-air synoptic circulation 

types.
 

Table 4. Rainfall Distribution Models, proposed by the goodness of fit tests  

for each upper-air synoptic circulation type (a=0.05). 

 Kolmogorov-Smirnov 

test 

Anderson-Darling 

test 

X2  

test 

Circulation type Distribution Statistic Distribution Statistic Distribution Statistic 

L-1 
Weibull 

(3P) 
0.03888 

Log-

Pearson 3 
1.9055 

Generalized 

Gamma (4Ρ) 
13.717 

L-2 
Generalized 

Gamma (4Ρ) 
0.03156 Burr 1.6289 Burr 8.692 

L-3 
Fatigue 

Life (3P) 
0.0403 

Fatigue 

Life (3P) 
0.55416 Log-Pearson 3 8.692 

SW 
Gamma 

(3P) 
0.05247 Burr 2.7092 Weibull 14.544 

\ 

 

 

• The Open Long Wave trough (L-1) case 

The three goodness of fit tests suggest three 

different distributions, as they are presented in 

Table 4. All of them are widely known 

distributions for their application in relative 

studies in different regions. The Gamma and 

Burr distributions have been proposed as the 

second best fit distributions. The overall five 

distributions models are depicted in Figure 2a, 

where they are compared against the actual 

measurements. It becomes obvious that the 

Gamma probability distribution function is 

very close to the "1-1" line, which corresponds 

to cases where the actual measurements are 

identical to the model estimations, for the 

period 1958-2004. For the same period (1958-

2004), the probability distribution functions of 

the Gamma, Burr and Generalized Gamma 

models are also quite close to the "1-1" line. 

The evaluated performance of the resulted best 

model, that is the Gamma model, is presented 

in Figure 2b, for the verification period of 

2005-2015. The calculated verification 

measures of all the examined probability 

distribution models are indicated in Table 5, 

for the upper-air synoptic circulation L-1 type. 

It is worth noticing the higher values of 

correlation coefficient and the lower values of 

MAE and MSE, for the resulted best model, 

Gamma.
 

 

 

Figure 2: Comparison of the precipitation amounts of the Larissa station a) for the period 1958-2004 with 

the estimations of the proposed distribution models and b). For the period 2005-2015 with the estimations 

of Gamma model for the L-1 circulation type. 
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• The Closed Long Wave trough (L-2) case 

The most appropriate probability distributions 

for the upper-air synoptic circulation type L-2, 

according to the to the three goodness of fit 

tests (Table 4), are the Generalized Gamma 

(4P) and Burr models. Moreover, the Gamma 

(3P) and Generalized Pareto distributions, are 

proposed as secondary appropriate models. 

From the comparison procedures between the 

actual measurements and models' estimations, 

the Burrand the Generalized Pareto models 

appear to be the best ones. Although the 

calculated verification measures are very close 

among them, the Generalized Pareto 

distribution model is proposed as the best fit 

model for the L-2, due to its simple and 

comprehensive probability distribution 

function (Table 6).

 

Table 5. Verification measures for the proposed models of the L-1 circulation type. 

Verification measures Weibull LogPearson 3 Gen.Gamma (4P) Gamma (3P) Burr 

RMSE 1.072 4.440 0.722 0.572 1.785 

R 0.995 0.971 0.996 0.997 0.985 

MAE 0.473 1.720 0.470 0.306 0.639 

MSE 1.150 19.711 0.521 0.328 3.186 

 

• Cut-Off Low (L-3) case   

For the selection of the best fit distribution 

model, except for the three models shown in 

Table 4, the distribution function of Weibull 

has been tested as secondary appropriate 

model proposed by the Kolmogorov-Smirnov 

test. The calculated verification measures 

suggest that the Fatigue Life and Weibull 

probability distribution functions are the best 

models. However, the Weibull probability 

distribution model is proposed as the most 

appropriate for the synoptic type L-3 (Table 6),  

 

since it is easier to be used, due to its simple 

distribution function. 

 

• South-West flow (SW) case 

For the synoptic type SW, the selection of the 

most suitable model among the resulted, 

Gamma, Burr, Weibull, Generalized Gamma 

and Generalized Pareto probability 

distribution functions, is the Generalized 

Pareto model, since it has smallest error values 

(Table 6).  

 
Table 6. The best fit probability distribution models for each upper-air synoptic circulation type. 

Circulation 

type 
Distribution models Parameters 

L-1 Gamma(3P) 
Shape:α=0.63316Scale: 

β=7.0782,Location:γ=0.1 

L-2 
Generalized 

Pareto 

Shape: k=0.24253,Scale:σ=4.8736 

Location:μ=-0.33123 

L-3 Weibull (3P) 
Shape: α=0.6403Scale: β=4.2549 

Location:γ=0.1 

SW 
Generalized 

Pareto 

Shape: k=0.2645Scale: σ=3.7998 

Location:μ= -0.19565 

 

VERIFICATION OF MODELS FOR 

EACH CIRCULATION TYPE 

An attempt is made to verify and confirm the 

resultedprobability distribution models 

presented on Table 6, for the confirmatory 

period of 2005-2015, for each upper-air 

synoptic circulation type.   

Using the rainfall data information for the 

confirmatory period, the Gamma probability 

distribution model appears to be a reasonable 

one for the L-1 upper-air synoptic circulation 

type. This is indicated in Figure 2b, where a  

 

 

slight overestimation of the rainfall amount 

becomes obvious. This is probably due to the 

encountered lower rainfall amounts compared 

to the exploratory period of 1958-2004. In 

spite of that, the Gamma probability 

distribution model is an efficient model of 

rainfall for the L-1 synoptic type. 

For the L-2 upper-air synoptic circulation type, 

the proposed Generalized Pareto probability 

distribution model was applied to the observed 
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data information of the confirmatory period 

2005-2015. The comparison procedure 

indicated an overestimation of rainfall 

amounts up to 7 mm (not shown). In order to 

optimize the rainfall prediction, statistical tests 

of homogeneity (Bartlett, Levene, Mann-

Whitney, Kruskal-Wallis, Kolmogorov etc.) 

have been performed for each one of the study 

months. The resulted best fit probability 

distributions models are demonstrated on 

Table 7, which provide better predictions over 

the confirmatory period than the only one 

model derived for the exploratory period. 

 
Table 7. The best fit probability distribution models for each upper-air synoptic circulation type and for 

all the homogeneous sub-periods, over the verification-confirmation period (2005-2015). 

Circulation type Months Distribution models Parameters 

L-1 

 Gamma(3P) 

Shape:α=0.63316 

Scale: β=7.0782 

Location:γ=0.1 

L-2 

February -March GeneralizedPareto 

Shape: k=0.03807 

Scale: σ=4.5302 

Location: μ=-0.34098 

April -May Gamma 
Shape:α=0.75459 

Scale: β=6.6944 

October, December Gamma 
Shape:α=0.81686 

Scale: β=7.6 

L-3 

October-November 
Log Pearson-3 

 

α=1587.2 

β=-0.03666 

γ=58.678 

March-April Gamma 
Shape: α=0.76221 

Scale: β=3.0603 

SW 

January-May 
GeneralizedGamma 

 

Shape:κ=0.98756 

α=0.85466 

Scale:β=5.209 

October, December 
Gamma 

 

Shape: α=0.81438 

Scale:β=7.8936 

Concerning the L-3 synoptic types and 

applying the Weibull model to the 

confirmatory period 2005-2015, it showed an 

overestimation on the rainfall amount from 18 

to 30 mm. In order to improve the prediction 

results, homogeneity tests were carried out and 

specific models were derived for the 

homogeneous months. Hence, the Log 

Pearson-3 and the Gamma models appear to be 

the most suitable ones for the month periods 

October-November and March-April, 

respectively (Table 7). It should be noted that 

the proposed Gamma model underestimates 

the predicted amounts up to 6mm. 

Finally, for the type SW, the Generalized 

Pareto model seems to overestimate the 

rainfall amounts up to 15 mm for the 

verification period, probably due to the 

negative trend encountered for this circulation 

type. By applying the homogeneity test, it 

appears that the month periods January-May 

and October-December show similar 

characteristics,respectively. Hence, two new 

models were proposed as the most appropriate 

ones for these periods of the confirmatory 

stage: The Generalized Gamma and the 

Gamma models, respectively. The 

encountered overestimation of rainfall 

amounts up to 15mm could be attributed to a 

negative trend of rainy days and rainfall 

amounts recorded at the meteorological station 

of Larissa. 

 

CONCLUSIONS  

The objective on this study is to model the 

daily rainfall in the region of Thessaly-Greece, 

based on the prevailing upper-air synoptic 

circulation types of the atmosphere. Classified 

the rainfall episodes of the period 1958-2015 

into ten (10) upper-air synoptic circulation 

types, based on a subjective synoptic 

classification scheme, the relationships, 

between and among, these upper-air synoptic 

circulation types and the associated rainfalls 



Christina Patsika, Theodore Karacostas, Modeling of precipitation based upon the upper-air…  

64 

are studied and their characteristics are 

presented. The main upper-air synoptic 

circulation types, which are quite favorable to 

rainfall activities at the examined 

meteorological station of Larissa, appeared to 

be: the open Long Wave trough (L-1), the 

closed Long Wave trough (L-2), the Cut-Off 

Low (L-3) and the South-West flow (SW). For 

these types, best fit probability distributions 

models have been determined for the 

prediction of daily rainfall data in the region of 

Thessaly. Based on the characteristics of 

models and their verification results, the 

following conclusions are drawn. 

The L-1 type was the easiest type to study and 

estimate its rainfall amounts, probably due to 

the homogeneity of the data over the study 

months. Applying the proposed Gamma model 

to the rainfall amounts over the verification 

period, it showed its ability to reproduce 

satisfactorily the behavior of the examined 

variable. 

Concerning the synoptic type of closed low (L-

2), the Generalized Pareto model was chosen 

as the most appropriate one for the exploratory 

period, while the models Generalized Pareto 

and Gamma for specific sub-periods of the 

verification period, due to inhomogeneity 

problems.  

For the synoptic type of the cut-off low (L-3), 

the Weibull probability distribution was 

proven the most appropriate model to estimate 

the rainfall amounts for the verification period 

(1958-2004), while the Log-Pearson 3 and the 

Gamma reproduced satisfactorily the rainfall 

behavior for specific sub-periods over the 

verification period (2005-2015), due to 

inhomogeneity problems.  

Concerning the southwest circulation, the 

results are completely different. The weakness 

of the Generalized Pareto model led to a 

further study of the study months in terms of 

the degree of homogeneity. None of the 

proposed distribution models approximates the 

behavior of the rainfall during the period 2005-

2015. The suggested Generalized Gamma and 

Gamma models tend to overestimate the 

rainfall amounts over the sub-periods of the 

confirmatory period. The encountered 

overestimation of rainfall amounts could be 

attributed to a noticeable negative trend of 

rainy episodes and rainfall amounts.
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Abstract 
Using a uniform methodology, we explored cartographic elements on almost sixty medium-scale maps 

showing Slovenian territory from the sixteenth to nineteenth centuries. One of the elements examined was 

also borders, which are very fragmented due to the great landscape diversity of Slovenia. We were 

interested in how borders in different periods follow the natural boundaries of the landscape and how they 

are cartographically represented. Lines and shapes were mostly used to display the borders. Shaded areas 

are more common. They are usually colored or patterned. Lines are more effective. Typically, there are 

different types, varying in shape, thickness, and color. Only a dozen of the maps examined lack borders. 

Two-thirds of the maps highlight the borders with a color. 

 

Keywords: geography, history of cartography, maps, borders, Slovenia 

 
INTRODUCTION 

Various methods have been used to represent 

the borders of political, administrative, and 

similar units. The most common are lines and 

areas. Areas are most often marked in color, 

various shades, or with a pattern. Using lines is 

considered more efficient, and it offers more 

variation: 

– Lines made of various dots; 

– Lines made of short horizontal or vertical   

dashes; 

– Solid lines of different weights; 

– Lines made of a series of different   

symbols (e.g., crosses); 

– Colored lines. 

Combinations of these depiction methods are 

common. 

 

BORDERS ON OLD MAPS 

In the past, state borders were not precisely 

defined in terms of territory, and this made 

drawing borders on maps difficult. It was often 

not known who controlled places that were 

remote, subject to frequent warfare, or on the  

 

border between two powerful entities. “During 

the Middle Ages, there is some evidence that 

the feudal system was more concerned with the 

control of cities and territories, which, rather 

than having clear boundaries, had somewhat 

vague borderlands” [1]. “Thanks to 

geographers, however, mapping technology 

allowed rulers to have a spatial view of their 

possessions; thus, what were originally 

borderland or border regions progressively 

became boundaries” [1]. Thus, when maps 

became a reference for international 

agreements, especially with the Treaty of Paris 

after the First World War [1], static lines were 

put on maps as borders. 

The main categories of morphological 

classification of political borders are: 1) 

anthropogeographic or geometric borders, 

usually following straight lines (e.g., a parallel 

or meridian); and 2) physiographic borders, 

following some notable natural geographic 

element in the area, such as orographic lines, 

ridges, or watercourses [2]. The last are often 
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called natural boundaries, even though 

virtually all political borders, including those 

based on natural features, are the result of 

human activity and as such purely artificial. 

Today’s border of Slovenia is mostly adapted 

to natural conditions. For example, the 654 km 

Slovenian-Croatian border is mostly adapted 

to natural conditions. Natural borders are the 

most favorable from the perspective of defense 

strategy, and partly also from the economic 

point of view [3]. The historical and 

geographical development of the Slovenian-

Croatian border area shows that the borders 

between the historical provinces and other 

political units were already based on natural 

boundaries in the past, such as the border 

between Austria and Hungary within the 

Habsburg Monarchy. In sections that rely on 

natural elements, the border between today’s 

independent countries of Slovenia and Croatia 

has generally remained unchanged since the 

late Middle Ages [3]. In total, almost exactly 

four-fifths of the boundary passes along rivers 

and streams (a hydrographic border) and 

follows hill ridges (an orographic border). 

Similar is true for the borders of today’s 

Slovenia with its three other neighboring 

countries and for historical borders in the 

territory of today’s Slovenia. 

Maps from the first centuries of the modern era 

mostly had a smaller scale and were intended 

for the public; therefore, there was no need 

from the cartographic perspective to precisely 

indicate borders, and for the average user any 

error in the course of the border did not create 

a problem. Until the seventeenth century, 

many maps did not show borders at all (Figure 

1).

 

 
Figure 1. No borders are shown on a mid-sixteenth-century map  

(of the Sava River approximately between Ljubljana and Zagreb; [4]). 

 

The borders of political entities were shown in 

various ways. Because it was difficult to depict 

a border with lines, other means were also 

used: 

– A name was written across an area, and its 

size and typeface indicated the status and 

which country the area was part of; 

– The area was marked with a symbol of a size 

corresponding to its status or importance; 

– The central part of the area was marked with 

a special cartographic symbol; 

– From the seventeenth century onward   

(Figures 2 and 3), areas were also colored 

(before this, maps were mostly black and 

white). A stronger ethnic identity developed 

in Europe in the nineteenth century along 

with the development of nation-states [5]. 

Shades of color helped in depicting an 

individual area. Stronger shades of color faded 

toward the border and gradually transitioned 

into a shade of another color of a neighboring 

area. In the fifteenth and sixteenth centuries, 

cartographers also used natural barriers to help 

depict borders. 

An individual area was colored up to a river, 

forest, or mountain range, which assumed the 
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role of a border on the map. From the 

seventeenth century onward, due to new 

discoveries and therefore greater familiarity 

with territories, borders became increasingly 

precise and marked. The Treaty of Karlowitz, 

concluded in 1699 in Sremski Karlovci (now 

Serbia), which ended the Great Turkish War 

between the Habsburg Monarchy and the 

Ottoman Empire, changed the importance and 

character of political borders in southeast 

Europe. For the first time, the state border was 

physically demarcated on the ground in this 

part of Europe, and so it was also more 

precisely demarcated on maps. Lines became 

the established method for depicting borders 

and continue to be the most frequently used 

method even today. In addition to lines of 

varying weights showing various types of 

borders, from the seventeenth century onward 

a combination of line methods was used. 

Individual areas were colored with the same 

color as the border, but in a lighter shade [8, p 

47-49].

 

 
Figure 2. On a mid-seventeenth-century map (of the territory north of the Gulf of Trieste)  

borders are depicted with colored margins [6]. 

 

 
Figure 3. Borders are shown in color on a map from the end of the eighteenth century  

(of territory north of the Gulf of Trieste and Kvarner Gulf; [7]). 
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THE METHODOLOGY OF STUDYING 

BORDERS ON OLD MAPS 

This research is based on a special data form 

that makes it possible to analyze changes in 

cartographic elements through time using a 

uniform methodology. The preparation of a 

uniform methodological basis for maps during 

the period from the mid-sixteenth century to 

the end of the nineteenth century was a special 

challenge because such maps differ greatly in 

technique and form, and their cartographic 

elements are also presented in very different 

ways. 

We compiled the data form based on five 

groups of cartographic elements [9]. These are: 

natural features, built features, geographical 

names, mathematical elements; and 

explanatory elements. Cartographic depictions 

of borders are classified as built features. 

The selection of certain groups of elements and 

their more precise hierarchical arrangement is 

not new. Several researchers have divided 

cartographic elements on large-scale 

topographic maps into two groups: 

geographical and mathematical elements [10], 

or natural and built features [11, p 19]. 

Some have distinguished between three 

groups: natural features, manmade (built) 

features, and geographical names [12]. Other 

use four groups: mathematical, natural 

geographical, social geographical, and other 

elements [13, p 221], or a mathematical basis, 

geographical features, editing information, and 

additional elements [10, p 12]. 

Some authors have used an arbitrary division 

of groups and individual elements; for 

example, based on their emphasis on the map 

or the tendency to highlight them [14; 15]. All 

of these divisions share the goal of clearly 

categorizing map content. 

This study included fifty-eight maps from the 

mid-sixteenth century to the end of the 

nineteenth century showing the territory of 

today’s Slovenia in full or in large part (e.g., 

the province of Carniola). Maps were excluded 

if they were the same or similar depictions by 

the same cartographer, had the same scale, and 

had the same cartographic representation, or 

were reprints that differed only in colors or 

additions that do not affect the cartographic 

representation (these are frequent in the maps 

by Homann, Mannert, Kindermann, and 

Mercator). Maps were included with a scale  

 

 

between 1:200,000 and 1:900,000; that is, 

medium-scale maps [13, p 219] or large-scale 

topographic maps [12, p 9]. The majority of 

maps did not have a scale printed on them, and 

so this was calculated on the basis of five 

selected distances on each map. 

The borders were mostly marked with simple 

single lines, and in places with color or a 

transition between two different colored areas. 

The following were entered in the data form: 

depiction method (point: geometric or stylized 

symbol; line: single or parallel line; area: 

geometric symbol, stylized group of symbols, 

colored area), and graphic variables (shape, 

size, color, brightness, pattern, direction). It 

was separately marked whether the border was 

emphasized with a colored margin or band 

(Figure 4). The maps were analyzed using the 

data form separately for each individual map. 

On the data form, an individual group of 

cartographic elements was selected (e.g., built 

features), a group of display methods was 

defined (e.g., borders), and the display 

methods were defined that the map contains 

(e.g., linear symbols). Then the selected 

display method was assessed with the help of 

graphic variables. Their categorization and 

explanation were summarized following Fridl 

[16, p 92-102], who refers to the French 

cartographer Jacques Bertin and his systematic 

processing of cartographic means of 

expression (e.g., [17]), which are considered 

display methods in this study of the display of 

borders. Cartographic symbols or display 

methods are divided based on their extent or 

type of feature displayed [16, p 89] into points, 

lines, and areas. These expressions are used in 

the remainder of this article. The maps were 

analyzed using the data form separately for 

each individual map. On the data form, an 

individual group of cartographic elements was 

selected (e.g., built features), a group of 

display methods was defined (e.g., borders), 

and the display methods were defined that the 

map contains (e.g., linear symbols). Then the 

selected display method was assessed with the 

help of graphic variables. Their categorization 

and explanation were summarized following 

Fridl [16, p 92-102], who refers to the French 

cartographer Jacques Bertin and his systematic 

processing of cartographic means of 
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expression (e.g., [17]), which are considered 

display methods in this study of the display of 

borders. Cartographic symbols or display 

methods are divided based on their extent or 

type of feature displayed [16, p 89] into points, 

lines, and areas. These expressions are used in 

the remainder of this article. 

 

 

 
Figure 4. One of the windows in the data form dedicated to borders. 

 

The maps were analyzed using the data form 

separately for each individual map. On the data 

form, an individual group of cartographic 

elements was selected (e.g., built features), a 

group of display methods was defined (e.g., 

borders), and the display methods were 

defined that the map contains (e.g., linear 

symbols). Then the selected display method 

was assessed with the help of graphic 

variables. Their categorization and explanation 

were summarized following Fridl [16, p 92-

102], who refers to the French cartographer 

Jacques Bertin and his systematic processing 

of cartographic means of expression (e.g., 

[17]), which are considered display methods in 

this study of the display of borders. 

Cartographic symbols or display methods are 

divided based on their extent or type of feature 

displayed [16, p 89] into points, lines, and 

areas. These expressions are used in the 

remainder of this article. 

Especially on the oldest maps, individual 

display methods are indistinct and not uniform 

(e.g., nonuniform linear representation), and so 

it is difficult to define individual qualities (e.g., 

for graphic variables). Because of poor 

technical resources and knowledge, as well as 

inconsistent use of symbols and definitions 

regarding map structure, on older maps the 

individual display methods are drawn without 

rules. The result is idiosyncratic 

representations that are often difficult to make 

uniform or place into an individual assessment 

category. In order to avoid this difficulty, 

uniform rules for assessment were defined. All 

of the basic display methods (points, lines, and 

areas) were found for marking borders, and 

these were then divided into various types. 

 

RESULTS 

The study took place in various directions. Of 

interest were the basic characteristics of 

depicting borders on the selected maps: when 

they were produced and the depiction methods 

used, which were further categorized. Then the 

depiction methods were defined that made it 

possible to assess the graphic variables. 

Borders are shown on 95% (fifty-two) of the 

maps. Until the first half of the seventeenth 

century, borders were rarely marked. Later 

they were marked on all maps, with the 

exception of one (Figure 5). A colored margin 

is used to emphasize the border on 66% (thirty-

eight) of the maps. 

Until the second half of the seventeenth 

century, only three maps had borders with 

colored margins. Later, colors appear on maps 

until the end of the period studied. On 84% 

(forty-nine) of the maps, the border is marked 

with a single line, and on 24% (fourteen) of 

them it is marked with a colored area. 
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Before the end of the sixteenth century, the 

borders on two maps are marked with a colored 

area, and this is not found in the seventeenth 

century. Colored areas appeared more often 

during the eighteenth century; in the 

nineteenth century, they are found only on one 

map from 1873. The use of single lines for 

borders during the period studied appears in a 

different order than colored areas. Until the 

1630s, they appear only on one map from 

1589, whereas later they are very common and 

uniform throughout the entire period. From the 

1630s onward, the method of depicting the 

border as a single line over a colored area 

greatly predominates. 

 

 
Figure 5. Depictions of borders on maps during the period studied. 

 
Graphic variables were assessed for linear and 

area methods of depiction because (individual) 

points are unable to show borders. It was 

determined that the graphic variables of shape 

and size appear for linear symbols, and color 

for area symbols. 

The shape defines the appearance of a 

cartographic symbol, but it does not influence 

its position on the map. In general, a linear 

symbol can be shown with a nearly unlimited 

number of different shapes [16, p 93]. The 

symbols that comprise a linear representation 

can have a regular or geometric shape (e.g., 

circles or dashes) or an irregular shape (e.g., 

trees and lines of varying length and 

thickness). Understanding shapes can be 

complicated because people often 

subconsciously compare certain shapes with 

those already known. Therefore it is good to 

always use more familiar cartographic 

symbols to depict the same feature and to 

change them as little as possible [18, p 82]. 

The size of cartographic symbols is used to 

depict quantified information. Most often, 

these change according to selected 

mathematical principles (e.g., lines of varying 

weight). Their size must be in a suitable 

proportion with the numerical values of 

features [16, p 94; 14, p 319]. People can 

simultaneously distinguish up to twenty 

degrees of size, but to make a clear distinction 

it is most suitable to use up to five symbols of 

the same type but of different sizes [18, p 76]. 

For size differences in lines whose thickness 

varies between 0.1 and 3 mm, for example, it 

is most suitable to vary the line thickness by 

steps of 0.3 mm [11, p 46]. 

Among the graphic variables, color has the 

strongest psychological effect. Color can 

attract map readers and catch their attention, 

and cartographers can use it to emphasize 

content. Assessing color as a graphic variable 

can be very demanding because it is necessary 

to know the characteristics of the following 

dimensions: hue, brightness, and saturation 

[16, pp 96-98]. In assessing area depictions of 

borders on old maps, it was possible to only 

focus on identifying the colors used with the 

bare eye. 

For linear depictions of the border, on 60% 

(thirty-five) of the maps we found the shape 

used, and on 19% (eleven) size. 

From the second half of the seventeenth 

century onward, the shape and size of the 

linear border depictions change, but the shape 

is much more common. It is characteristic that 

before this there were no differences in 

depicting borders. 

In area depictions, only color is used. On 24% 

(fourteen) of the maps color depiction was 

found and the other variables were not 

represented. 

Depictions with variously colored areas are 

chronologically very dispersed. This display 

method was more common in the eighteenth 

century. 

Taking all of the maps analyzed into account, 

it can be concluded that borders are mostly 

drawn using shapes and size in linear 

depictions, and with colors in area depictions 

(Figure 6).
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Figure 6. Use of graphic variables in all methods of depicting the border. 

 
Taking into account the graphic variables, until 

the second half of the seventeenth century the 

borders of areas were shown with colors, and 

later also with the size and shape of lines 

(Figure 7).

 

 
Figure 7. Use of graphic variables in methods of depicting borders during the period studied. 

 
Taking into account the method of 

representation, single lines predominate over 

colored areas. Such lines appear throughout 

the entire period studied, and colored areas are 

most common on eighteenth-century maps 

(Figure 8).

 

 
Figure 8. Frequency of showing borders with lines and areas during the period studied. 

 
CONCLUSION AND DISCUSSION 

The main finding of this study is that maps 

showing the territory of today’s Slovenia did 

not mark borders until the sixteenth century  

 

(Figure 1), and from the seventeenth century 

onward they almost always marked them. This 

was most often done using lines, which appear 

on maps during the entire period studied, 

followed by colored areas, which was most 

common on eighteenth-century maps (Figure 

8). 

Studying old maps is important not only for 

cartography or historical geography because 
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the findings of such research can also influence 

the everyday lives of people today. Such is also 

the character of this research, parts of which 

were included in material for the arbitration 

procedure to define the border between 

Slovenia and Croatia. 

After the independence of Slovenia and 

Croatia in 1991, the former internal Yugoslav 

border became an international border (today a 

Schengen border), which was never precisely 

mapped and marked with border stones during 

Yugoslav times. Following a series of 

unsuccessful bilateral attempts to resolve the 

dispute over their land and maritime boundary, 

Slovenia and Croatia, with the facilitation of 

the European Commission, agreed on an 

arbitration process by the Permanent Court of 

Arbitration in The Hague (in the Netherlands). 

An arbitration agreement was signed on 

November 4th, 2009 [19]. 

In 2012, the Slovenian Ministry of Foreign 

Affairs ordered preparation of geographical 

material for the arbitration procedure to 

determine the Slovenian-Croatian border. In 

2013, extensive material was prepared entitled 

“Geography of the Slovenian-Croatian 

Border.” The old maps and other cartographic 

sources played an important role in the 

preparation of this material. 

In total, almost exactly four-fifths of the 

boundary passes along rivers and streams (a 

hydrographic border) and follows hill ridges 

(an orographic border). Therefore in 

examining old maps and borders, special 

focus was placed on the changing courses of 

rivers through history. 

The most important among the historical maps 

were three Habsburg military land surveys. 

The first survey was carried out between 1784 

and 1787 [20; 21], the second one between 

1806 and 1869 [22], and the third one between 

1869 and 1887 [23]. Due to their scale 

(1:28,880 for the first two and 1:25,000 for the 

third), the military surveys are suitable for 

studying changes in the courses of larger 

rivers. 

In addition to military purposes, cartographic 

data in the Habsburg Monarchy were also 

gathered for the land cadaster to catalogue 

properties for tax purposes [24; 25]. The 

Franciscan cadaster was used for all of 

Slovenian territory between 1818 and 1828 

[25; 26], and its updated (revised) version 

between 1869 and 1887 [27], both at a scale of 

1:2,880. 

Figure 9 shows an example of the changing 

course of the Mura River from the mid-

eighteenth century onward.
 

 

Figure 9. The changing course of the Mura River at Hotiza  

in the last two hundred years based on cartographic sources. 
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Of course, modern geospatial technologies, 

especially geographic information systems, 

with data from various digital cartographic 

sources (historical and recent aerial images, 

precise digital elevation models (LiDAR), and 

satellite images) also played an important role 

in the preparation of geographical bases for the 

arbitration procedure. 

This confirms the applied value of modern 

geography, as well as historical geography and 

cartography.
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Abstract 
Commuting is an element of functional interrelations in metropolitan regions. They determine the nodes of 

a settlement system and portray economic attractions. The purpose of the article is to designate the dominant 

directions of commuting in a polycentric and post-industrial region – the Górnośląska-Zagłębiowska 

Metropolis in the south of Poland. The article analyses the influence of urban structures on commuting in 

the period of 2006 and 2011. The Nystuen-Decey method has been employed in order to grasp the spatial 

patterns of work places in the metropolitan area. The results of examinations prove that communing is very 

complex and creates the system of social-economic interrelations with the main centre of Katowice.  

 

Keywords: Commuters flows, polycentricity, post-industrial region, metropolitan area 

 
INTRDUCTION 

The processes of globalization and 

metropolization influence the high level of 

intensity and spatial mobility in terms of the of 

labour market in metropolitan areas. The 

biggest global cities represent extraordinarily 

large labour markets and diversified types of 

global economies.  

The problem of commuting is a subject of 

numerous elaborations. On one hand, 

directions and the size and intensity thereof 

present nodes of labour markets, on the other 

hand the background and zone of interactions 

of centres. Moreover, they indicate the 

structure of flows and power of interactions in 

the regions, simultaneously characterizing the 

type of settlement system from a monocentric 

one to a non-hierarchical one – polycentric. 

The size of metropolitan centre, as well as its 

strength, influence the length of commuting, 

whereas the development of infrastructure 

strengthens or limits flows, affecting at the 

same time the power of interrelations from 

different directions. They can be weak, 

average or strong [15], symmetric or 

asymmetric [23].  

 

In Europe there is a highly diversified level of 

commuting in various metropolises, depending 

on the hierarchy thereof in the worldwide 

system of global cities [9, 1]. Commuting on 

highest level in Europe occurs in London 

(Inner London-West). They can be 

characterized by long distances, which results 

from the strength of this metropolis, as well as 

a well developed public transport system [29]. 

Paris is of a similar situation. This highly 

monocentric functional urban area attracts 

employees from smaller Functional Urban 

Regions, also closely located, such as: Mantes-

la-Jolie, Meaux, Melun, Creteil, Chartres, just 

as bigger surrounding peripheral centres 

forming a subregional network of centres [12]. 

Similarly, other monocentric agglomerations 

in Europe, e.g., Hamburg and Berlin in 

Germany, Brussels in Belgium, Vienna in 

Austria ) Moscow in Russia or Prague in Czech 

Republic are characterized by intensified 

commuting [2,6, 7, 11,14, 26, 29].   

Of a slightly different character are polycentric 

structures where commuting is very complex, 

shorter yet very intense [9]. In Randstad in the 
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Netherlands, most of commuting is of a short-

distance type. It results from a different 

genesis of the metropolitan area – a form of 

port conurbation. The polycentricity of cores is 

a characteristic feature thereof. Therefore, 

commuting is dispersed among several cities: 

in the region of Amsterdam, as well as between 

Rotterdam and Hague [23]. A similar situation 

occurred in Rheine-Ruhr in Germany where, in 

turn, the polycentric functional-spatial 

structure is of an industrial genesis [11]. 

Currently, this economic sector is completely 

restructured, whereas the region is based on 

modern technologies. In terms of commuting, 

of a dominant character is Düsseldorf, as well 

as the cores of Bonn and Cologne. 

Simultaneously, there are strong flows 

between the cities of Ruhrgebit, such as Essen, 

Bochum and Dortmund. On the other hand, in 

a different German metropolitan area – the 

region of Rheine-Main, flows of commuters 

are dominated by FUR of Frankfurt, the 

quantity of employees of which exceed 1 

million. Approximately 200 thousand of them 

commute from the background, whereas 72 

thousand from other functional urban regions 

[10].  

 Commuting in Europe has been introduced to 

nearly all metropolises. The analysis of daily 

mobility allows to broaden the knowledge on 

the characteristics thereof, as a factor of the 

functioning of settlement system. In case of 

Daily Urban Systems which form metropolitan 

regions, commuting reveals functional 

interrelations, as well as indicates essential 

structural features. Of utmost importance is the 

indication of poles of growth of these 

interrelations. The process of metropolization 

is obviously connected with a strong flow of 

commuters towards the core. All the more the 

functional-spatial relations between a 

metropolitan area and the surrounding 

background are principal. As is often 

observed, the factual interrelations of cities is 

greater than their appointed administrative 

boundaries or NUTS3 statistical units, i.e. 

Subregions [3, 36]. 

 

METHODOLOGY AND STUDY AREA 

The purpose of the article is the determination 

of the dominant direction of commuting in the 

post-industrial region of southern Poland 

which – due to a transformation – changes 

from a polycentric conurbation to a 

metropolitan area. The subject of studies is in 

Silesia. By act, this conurbation-type 

settlement system became the first lawful and 

legal metropolitan structure in 2017, by the 

name of Górnośląsko-Zagłębiowska 

Metropolis. It is inhabited by 2.47 million 

people and encompasses 41 municipalities. 

The core is composed of 13 cities with county 

rights (NUTS4). It is surrounded by a 

metropolitan area composed of 28 

municipalities (NUTS5), as well as different 

cities (medium, small) and rural 

municipalities. 

Source materials originate from Main 

Statistical Office (GUS). The flows of 

employment in Poland in 2006 and 2011 were 

analysed on the basis of the POLTAX tax 

system, with the usage of data on workers with 

employment contracts. The community of 

commuters encompassed hired workers 

inhabiting a municipality different than their 

workplace, with higher costs of revenue due to 

commuting [4]. The study was updated in 2011 

with the usage of NSP data (excluding 

individual farmers).  

The data on commuting were analysed for the 

core of the Górnośląsko-Zagłębiowska 

Metropolis, composed of 13 cities with county 

rights, as well as the vicinity thereof. In order 

to appoint the dominant directions of 

commuting, the method of Nysteun and Dacey 

[18] was used. It determines the system of 

relations of the basis of the highest flow 

criterion. It portrays a simplified system or 

relations in a settlement system, as well as 

arranges the high complexity of system 

relations.  

On the basis of commuting matrix between the 

centres in the core of Górnośląsko-

Zagłębiowska Metropolis, as well as the 

highest outflow and inflow to a different core 

city, the main nodes of interrelations were 

determined. Also the dominant direction of 

flows of the labour market were specified.  

 

 

 

COMMUTING IN POLAND 

In 2006, the group of taxpayers exceeded 9.5 

million, out of which the community of 

commuters accounted for 2.3 million, 

approximately ¼ of the entire labour market. 
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In turn, in 2011 there were 3.1 million 

commuters [4, 5]. On the basis of interregional 

flows, it may be concluded that the most 

attractive labour market was Mazovia. In 

relation to the fact mentioned above, the 

highest number of commuters was recorded in 

Warsaw which has the most favourable ratio of 

flows: 13.07 and 10.7 (2006 and 2011). It 

indicates that one leaver was represented by as 

many as 13 and 10 comers. The highest flows 

in terms of absolute values were recorded in 

Silesia, nearly 400 thousand people in 2006 

and 487 thousand in 2011. It may be attributed 

to a strong labour market, as well as the 

urbanization level which reaches 78% of urban 

inhabitants in the region, with a nationwide 

average of 61%. The proportion of commuters 

in Silesia is so much as 16.8% of national 

flows in 2006 and 15.6% in 2011. A 

particularly high intensity was recorded for 

some province capitals and, at the same time, 

metropolitan centres gathering 680 thousand 

hired workers: 25% of commuting to the 

capital of Poland  – Warsaw, 15% to Katowice, 

9% to Kraków and Poznań, 6% to Wrocław, 

5% to Łódź and 4% to Gdańsk.  

The balance of comers to leavers was positive 

in Silesia to reach in 2006 +5.6 thousand, 

nevertheless in 2011 decreased to +0.8 

thousand. On the basis of the fact mentioned 

above, it may be concluded that the 

attractiveness of the region as a labour market 

decreases, despite the fact that commuting 

accounted for 53 thousand. Only in four 

regions of Poland the number of comers was 

higher than leavers. Apart from Silesia, they 

were: Mazovia, Lower Silesia and Greater 

Poland [5].    

Warsaw and the region of Maziovia, as well as 

Katowice with the new structure of 

Górnośląsko-Zagłębiowska Metropolis, are 

the areas of most dynamic commuting. Two 

metropolitan areas shall be pointed out to:  

Lower Poland and Upper Silesia. Due to a 

favourable transport location and a relatively 

small distance (80 km) between the capitals of 

these two regions – Kraków and Katowice, an 

significant interrelations of labour markets is 

visible. There are strong directions of 

interactions and diffusions here, as well as a 

very intense intraregional and interregional 

circular migrations. Employees of 63 

municipalities commute from Lower Poland 

(20% of commuting). Also in the opposite 

direction commuting occurs. In European 

projects this area is considered as one 

metropolitan region, describes as Kraków-

Upper Silesia Cluster (PolyMetrex). The 

contact region [27] of these two regions is a 

place of a high dispersion of the gravity of 

cities. They exceed the administrative 

boundaries of regions. Stronger contact 

interrelations of towns and cities in the 

boundary of these regions may be observed. 

The issue of commuting in Poland is included 

in many studies carried [13, 24, 25, 30, 31, 32, 

34]. 

 

RESULTS 

GÓRNOŚLĄSKO-ZAGŁEBIOWSKA 

METROPOLIS: EMPLOYMENT    

COMMUTING AND  POLYCENTRICITY 

Each labour market exists in a predefined 

space and has its boundaries of interactions. 

Commuting in Górnośląsko-Zagłębiowska 

Metropolis can be characterised with high 

intensity and complexity, not only in the 

region, but in the nationwide scale as well. 239 

thousand employees commuted to the 

polycentric core in 2011. 93% of it was 

intraregional commuting, whereas 7% – 

interregional ones (Fig. 1). They constitute a 

reflection of the potential of labour market and 

economic development for the polycentric area 

with a clearly forming centre of the 

metropolitan area – Katowice. The flows are 

multidirectional, i.e. employees travel between 

13 cities of the core, forming a network of 

relations (123 thousand, 53% of total 

commuting to the core; Fig.  1). 

The external zone has the total of 48 thousand 

of commuters, that is 19% of all employees 

commute to the core from the direct 

metropolitan area. 22% (53 thousand) 

employees commuted from the remaining 

municipalities of the Province to 13 core cities. 

Intracore commuting and the commuting from 

the direct ring accounted for 171.3 thousand 

commuters. It translates into 71% of all 

commuting to the core.  

Taking into consideration the Nystuen-Deceya 

method [18], on the basis of the highest flow, 

the high rank of Katowice, as the capital of the 

Górnośląsko-Zagłębiowska Metropolis, 

clearly distinguishes itself (Fig. 2). An 

observation arises that the spatial arrangement 
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of migration behaves differently (atypically) in 

relation to other areas in Poland [21]. J. Runge 

[25] highlights this fact. It is related to the 

polycentric functional-spatial structure of this 

area, as well as the genesis of settlement form 

originating from the polycentric system in the 

form of a conurbation [16]. Such urban 

systems are characterized by the polycentricity 

and blurring (fuzziness) of central functions 

[35]. The economic activeness and labour 

market disperse in a broad area – in many cities 

of different standings and size [28]. The 

method applied portrays a simplified system or 

relations in a settlement system, as well as 

arranges the high complexity of system 

relations. In Poland, the farther from a 

province city the smaller the intensity of flows 

and commuting. In the area under analysis it is 

not unequivocal. The areas of commuting to 

work and labour market structures in the 

region overlap. They shaped as early as during 

the industry development period, namely in the 

seventies and eighties of the  twentieth century 

[24], whereas in the last 20 years they have 

undergone a transformation. The current 

socio-economic situation is a result of 

profound and painful restructuring [22], 

modernization and the development of 

motorization, new road investments, increased 

availability of the region in European transport 

corridors.   

 

 
Figure 1. Commuting to the core of Górnośląsko-Zagłębiowska Metropolis in 2011 

source: author’s elaboration 

 

In the light of the region under investigation, 

Katowice is a city most attractive in terms of 

labour resources. Katowice plays the role of a 

main centre in commuting in GZM, gathering 

the total of 122 thousand commuters. 

Katowice is the runner up in Warsaw in terms 

of the amount of commuters. In 2006, 

Katowice attracted 15% of all commuters in 

the country, which translates into a positive 

circular migration balance. One leaver is 

represented by 9 comers from other cities and 

villages (2006) and 7 of them in 2011. The 

distance the commuters have to cover to reach 

Katowice is significant. The city is a 

commuting centre for 98 municipalities (over 

10%). The dominance of Katowice, as the 

centre of gravity, is clearly visible. It is the 

main pole of development and the centre of the 

GZM core. An increase in commuting 

amounted to 18 thousand in 5 years. It gives 

evidence of significant interrelations, not only 

of a regional character, but interregional ones 
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as well, and a principal rank of Katowice in the 

economic system. These flows portray 

Katowice as a centre of a high potential of 

labour market, on the level of 275 thousand of 

employees [20, 28]. Nearly all other 

metropolitan sub-centres in GZM are under the 

influence thereof, draining them from 

workplaces. Simultaneously, it is a strong 

labour market of the most developed 

metropolitan functions in the region [35]. 

Complex and dynamic commuting may be a 

premise of the undergoing metropolization 

processes. Circular migrations (commuting) is 

one of the measures of mobility which prove 

the occurrence of socio-economic relations in 

the region [34]. Travelling to work is also one 

of the fundamental factors of the formation of 

a functional urban region. Studies done in 

Randstad in Holland, a similar polycentric 

settlement system as GZM, reveal a great 

diversity of commuting in terms of distances. 

Similar trends occur in Ruhrgebit.   

 
Figure 2. Main directions of commuting in Górnośląsko-Zagłębiowska Metropolis in 2011. 

source: author’s elaboration 

 

Due to the polycentricity of the settlement 

system, the power of other core cities is 

underestimated in the studied area. They also 

generate massive internal flows, shape 

transport, infrastructural and institutional 

interrelations. The similarity of the occurring 

processes – flows of labour markets – is, inter 

alia, the power of polycentricity and network 

systems. Gliwice is the second biggest node of 

functional relations in GZM (Fig. 2). The city 

forms a western subcentre of the metropolitan 

area. It is also confirmed by the research of J. 

Petryszyn [19] or K. Gwosdz  [8]. The city 

formed its own influence zone, whereas its 

domination is substantial, since in some 

municipalities in the area are responsible for as 

much as 71% of commuting. The area of 

influence of 30% and more commuting 

encompasses 7 municipalities (2006), 

however, taking into account commuting of 

less intensity (2011), the interrelations of 

Gliwice embrace 55 different municipalities. 

Analyzing the size commuting in the light of 

hierarchy in the studied area, Gliwice shifts 

toward Katowice (2.2 thousand commuters in 

2006, 2.9 in 2011). Due to the dominant 
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directions of commuting, Gliwice forms a 

separate daily urban system. In relation to the 

dominance of Gliwice and Katowice, 

according to the factor of commuting on the 

level of 30%, two areas of influence are clearly 

visible. The boundary between those two cities 

lies in the western part of the core, in the area 

of Zabrze. 

Also other relations within the core manifest 

themselves. Commuting to work is extremely 

high, on the level of 123 thousand. They are of 

a very complex nature and multidirectional. 

Nonetheless, only four cities have a ratio of 

flows exceeding 1. They are: Katowice, 

Gliwice, Tychy and Dąbrowa Górnicza. 

Nevertheless, similar flows of employees – 7 

to 11 thousand – occur in Chorzów, 

Sosnowiec, Dąbrowa Górnicza, Zabrze and 

Tychy. The global commuting thereof (also 

from other municipalities, e.g. from the 

province or outside of the external zone and 

other regions of Poland) is within the range of 

10-16 thousand. In Tychy, a high proportion of 

commuting from the direct vicinity of the 

background is visible. This city formed its own 

area of influence, due to significant 

investments, particularly in industrial 

processing – automotive industry. From a 

satellite centre of Katowice in the seventies of 

the twentieth century [17], Tychy became a 

major labour market in the south of the core. In 

the remaining cities, commuting from the 

direct external area is less intense and reveals 

the domination of influence of other core cities 

[28]. These flows of commuting confirm the 

regularity that each urban centre, 

independently of itself being a central element 

of a local settlement system of a character 

similar to functional urban area, may – 

regardless of the size and rank – be 

incorporated in other subsystems, the regional 

and metropolitan ones. 

The scale of commuting to the core from other 

metropolitan centres in Poland is relatively 

small. It encompasses approximately 5 

thousand commuters only. It suggests that the 

relations of labour market in a metropolitan 

scale are weak, despite the fact that Katowice 

reveal connections with all metropolitan 

centres in Poland. They are significantly 

stronger with Kraków (3.3 thousand) than with 

Warsaw (0.6 thousand). Out of other core 

cities of GZM, also Dąbrowa Górnicza has 

strong relations with Kraków. 2.3 thousand 

commuters arrive there. In turn, two other core 

cities, Świętochłowice and Piekary Śląskie, do 

not reveal any interrelations with other 

metropolitan centres. This confirms the fact of 

a low position of these cities in the economic 

system of the examined area, as well as a low 

rank in the structure of core cities.  

In relation to the complexity of commuting and 

the functional structure, a more advanced daily 

urban system (vast functional urban area) 

stands out, as well as four functional urban 

areas which form Metropolitan Region Silesia 

[36]. 

Tarnowskie Góry plays a significant role in the 

north-western part. It is a significant county 

centre which developed its own area of 

influence. Despite the fact that Tarnowskie 

Góry are not located it the core area, the city 

developed its own high-order functions and a 

full auxiliary function to the benefit of the 

metropolitan area [35]. The abovementioned 

confirms the force of influence of Tarnowskie 

Góry, as a county centre and a significant 

subcentre, of a lower rank, that is located in the 

north-western part of the metropolitan area. 

 

CONCLUSIONS 

Commuting in GZM represents a very 

complex system of functional interelations. It 

refers to network interrelations which result 

from the dispersion of labour markets of the 

cities of the polycentric core. Despite the fact 

that commuting is multidirectional, the role of 

Katowice as the main flow node is clearly 

distinguishable. Katowice plays the dominant 

role not only in intra-core interrelations, but 

the whole metropolitan area as well. It results 

from a vast labour market, good transport 

availability, central location, as well as certain 

high-order functions, including the 

metropolitan ones. In the western part, the role 

of the sub-centre of Gliwice manifests itself 

strongly. It is an important labour market and 

a node of relations of a lower order. To a lesser 

extent, Dąbrowa Górnicza (north-east) and 

Tychy (south) also stand out.
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Abstract 
This study aims to highlight the importance of water reserves in the life of local communities and to quantify 

the value of basic elements that can affect their chemical properties (salinity, pH). Most waters in eastern 

Romania are affected by a relatively high degree of salinity; they are very hard or they are practically 

polluted. The waters within the Carpathian mountainous and sub-mountainous areas can be influenced 

directly by the emergence of salt deposits at the surface. Waters in the Moldavian plateau are influenced by 

the emergence of sources supplying from the water table, which washes out the salinized substrate. There 

is an obvious difference between the salinity degree of the sources within the salinized areas and that of the 

corresponding hydrographical arteries. The most salted sources are found in the area of Moldavian 

Subcarpathians, where the salt deposits emerge at the surface. The low salinity of bigger arteries is provided 

by the important liquid flows, which dilute the mount of salts. High salinity and pH are recorded mainly in 

case of small rivers, with low flows. Salt-water sources are used locally; in this respect, there is a traditional 

folk management (ethnomanagement); they find a positive use in household consumption, in food 

preservation, in cheese making in isolated mountainous folds, and in protecing fodder against rodents. The 

ethnoarchaeology of salt-water sources highlights the past and present usage of salt waters in the catchments 

of Siret and Prut (Moldavia, Romania). Salt waters have contributed to ensuring food (through 

conservation) during non-productive seasons. Paradoxically, the ethnomanagement of salt waters is a local 

success, while modern management must further develop in order to ensure a high quality of freshwaters. 

Soil salinity provides a unique landscape, with specific plants, animals and customs, known as saltscape. 

This is dominant in areas with excess NaCl or KCl salts. 
 

Keywords: chemistry, ethnoarchaeology, landscape, springs, hydrographical network 

INTRODUCTION 

Salt deposits in Romania are extremely big and 

they are cantoned in the Transylvanian  

 

depression and in the extra-Carpathian area 

situated between the Moldavian valley to the 
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north and the Motru valley to the west (The 

Moldavian, Curvature and Getian 

Subcarpathians) [1-6]. These salt deposits 

were formed in lagoons and epicontinental 

seas [7-12] (Fig. 1). 

The issue of salt genesis and evolution is 

treated by geology and by geomorphology to 

the same extent. The geographical literature 

highlights the origin of the salts within ocean 

waters: they come from the Earth’s crust, as 

result of dissolution, through streams. On 

principle, the primordial water was a 

freshwater. Consequently, salt follows a 

geological cycle: it is dissolved from the 

Earth’s crust, transported by rivers, 

accumulated in seas and oceans, redeposited as 

deposits, covered by recent sediments. Its 

emergence on the surface is due to tectonics 

and to lateral movement because of plasticity. 

The diapir folds within the Transylvanian 

Depression can elevate the sedimentary layers 

on the vertical, because salt seeds migrate.

 

 
Figure 1. The Vrancea Gate and the Olt Gate as contact sector of the Planetary Ocean with the lagoon of 

the Transylvanian depression (adaptation after [13]). The existence of intermediate lagoons and of the sea 

current within the Transylvanian depression 

 

Eocene and Miocene salt deposits are specific 

to lagoon and coast facies (more rarely to the 

pelagic one) (Fig. 2). Records clearly indicate 

the marine origin of an epicontinental sea, such 

as the Sarmatian one in Eastern Europe [13]. 

Salt springs are created by the washing and 

dissolving of (deposit) salt seeds or by the 

dissolution of salts within sedimentary 

deposits (marls, clays, malm-rock sands, 

sandstones, etc.). The landscape of the 

Moldavian Plateau is unique because it is 

dominated by the existence of potassium salts, 

where organisms adapted of the local 

conditions (Fig. 3, 4). Only in the 

Transylvanian depression, in the diapiric area, 

there are over 800 salt-water sources [13].
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Figure 2. Map of the Quaternary deposits in Moldavia 

 

 
Figure 3. Potassium salts in the catchment basin of Prut 
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Figure 4. Plants adapted to the potassium salt fields in the Moldavian Plain 

 

The elevation of salts in the upper part of the 

crust, through capillarity, makes extended land 

surfaces in the Moldavian Plateau be affected 

by the salt field (Fig. 5). Most groundwaters 

are slightly salinized because the salts 

deposited in the sedimentation period are 

dissolved. For this reason, the groundwaters, 

phreatic and deep waters within the catchment 

basins of Siret and Prut are affected by 

mineralization, with negative effects on the 

economy. 

This study analyzes several chemical 

parameters of superficial waters within the 

basins of Siret and Prut (Moldavia – Romania) 

supplying from the groundwaters of the 

Eastern Carpathians and of the Moldavian 

Subcarpathians that harbour important deposit 

salt amounts. Two important parameters were 

highlighted that can influence, in certain cases 

of usage, the quality of superficial waters: 

salinity and pH. At the same time, the study 

also concerned the methods of exploitation and 

usage of the salt waters (especially of sources) 

within the human communities, especially of 

the rural ones within the Carpathian and sub-

Carpathian area. It is an avant-garde study of 

the ethnoarchaeology of superficial waters in 

Romania, focusing on the rivers in Moldavia 

(Siret and Prut). The current 

ethnomanagement as a heritage of the 

preindustrial one has been highlighted. 

The chemical parameters of superficial waters 

(sources and streams) and of groundwaters 

were analyzed only on limited areas, most of 

the times on the small-sized catchment basins: 

Suceava, Moldova, Bahlui, Vaslui, Baseu, 

Barlad, Miletin, Uz, Cuejdi [14-21], etc. For 

Siret and Prut, the physical and geographical 

parameters were analyzed only for the main 

stream, without also mentioning the tributaries 

in the context [14-15]. On physical and 

geographical units, the papers that analyzed 

the superficial waters in the Moldavian Plain 

were underlined [21]. This landform was better 

studied because water resources are also 

limited; in this area, the city of Iaşi – the most 

important urban centre of Moldavia – 

develops. At the same time, population density 

is high and the agricultural exploitation of the 

field is relatively advanced. 

Nationwide, the topic referring to the quality 

of superficial waters and to genesis or to the 

distribution of salt deposits is extremely rich 

[1-4, 6, 22-27]. The one referring to the 

ethnoarchaeology of the salt-water 

exploitation is relatively recent [22, 28-35]. 

Salt has always played a defining role in diet, 

human and animal health, food conservation 

for unproductive seasons, the stability and 

development of human habitat, etc [29, 36-50]. 

For these reasons, there was a tendency of 

controlling, even using military forces, the 

deposit salt within the continental regions [41, 

47]. In Romania, mostly in the Moldavian sub-

Carpathian area, the traces of the oldest salt 

exploitations in Europe, starting with the 

Starčevo-Cris culture, are found [31, 32, 34, 

35].
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Figure 5. The hydrogeological map of Moldavia 

 

The ethographical, ethnohistorical and 

ethnoarchaeological approaches concerning 

the issue of salt have been studied and notable 

results have been obtained internationally, too 

[45, 48, 50]. This study attempts to highlight 

the existing relationship between the aquatic 

environment in Moldavia (superficial waters) 

and the modality of artisanal use and 

processing of the salt waters (sources and 

streams). Because the northeastern region of 
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Romania is the poorest in the European 

Community, many of the old crafts are still 

preserved. Therefore, starting from actuality, 

the usage of the water resources (in general), 

mostly of the salt ones (especially) is 

reconstructed on historical stages. The 

exploitation traditions of the salt waters were 

preserved also due to the isolation of the rural 

communities, in the lack of proper 

infrastructure, but also due to the special 

quality of salt spring water. The exploitation of 

salt waters and the local ethnomanagement 

continues nowadays, too, first of all due to the 

special sapidity of salt spring water. The 

notions of ethnomanagement and 

ethnoecology are used successfully to treat the 

topics related to local production and to the 

development of communal or regional 

territories [36-38, 40, 46, 49]. At the same 

time, there was an attempt to correlate the 

qualities of the superficial waters (sources and 

streams) with the geological substrate (mostly 

with its nature) where the runoff occurs. 

 

REGIONAL SETTING 

The waters on the Moldavian territory 

(Romania) were analyzed. The catchment 

basins of Siret and Prut, the most important on 

the Romanian territory, occupy entirely the 

historical region of Moldavia on the right side 

of Prut. The left side of the catchment basin of 

Prut unfolds on the territory of the Republic of 

Moldova. Both rivers spring from the territory 

of Ukraine, but most surfaces unfold on the 

Romanian territory. Within this area, there are 

several landform subunits: the Eastern 

Carpathians; the Curvature Carpathians; the 

Suceava Plateau; the Moldavian 

Subcarpathians; the Curvature 

Subcarpathians; the Moldavian Plain; the 

Barlad Plateau; the Lower Siret Plain (Fig. 6). 

The Siret River collects the waters of the 

Eastern Carpathians and of the Moldavian and 

Curvature Subcarpathians, on the right side, 

and of the Moldavian Plateau (poorly 

developed basin), on the left side. The Prut 

collects the waters of the Moldavian Plateau 

and only in the upper sector receives several 

small tributaries in the Wooded Carpathians of 

Ukraine. The Siret River is the most important 

tributary of the Danube (on the Romanian 

territory). It springs from the Wooded 

Carpathians (Ukraine) and it unfolds on a 

length of 559 km within the Moldavian 

Plateau. The hydrographical network 

comprises 1013 streams and it measures 15157 

km (19.2% of the total in Romania). The 

surface of the catchment basin is 42890 km2, 

accounting for 18.1% of the Romanian 

territory. The mean multiannual discharge of 

Siret is 220 m3/s. The Subcarpathian area 

analyzed the case study is studied between the 

Moldavian valley to the north and the Buzau 

valley to the south. It comprises two subunits 

of the Subcarpathian landform: the Moldavian 

Subcarpathians and a part of the Curvature 

Subcarpathians. In this area, there are salt-

water sources and even streams recording a 

low degree of salinity. 
The catchment basin of Prut is located in 

northeastern Romania. It springs from the 

territory of Ukraine, from the Wooded 

Carpathians, and it discharges into the Danube, 

north from the city of Galati. It covers a total 

surface of 27500 km2, of which 10967 km2 on 

the Romanian territory (4.6% of the Romanian 

surface). The sources are situated on the 

northeastern slope of the Cernahora Massif, at 

an altitude of 1580 m. It discharges into the 

Danube at an altitude of 2 m. The catchment 

basin unfolds on the territory of Ukraine, of the 

Republic of Moldova and of Romania. The 

Prut River has a length of 952.9 km (the second 

in Romania) and it unfolds on the Romanian 

territory on a length of 711 km. It holds a 

hydrographical network of 1000 km, of which 

3000 km with a permanent character (33%) 

and 8000 with an intermittent character (67%). 

The mean multiannual discharge is 78.1 m3/s 

at Radauti Prut, 86.7 m3/s at Ungheni and 93.8 

m3/s (period 1950–2008) at the Gauging 

Station of Oancea (situated at the mouth).
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Figure 6. The limits of the investigated area, corresponding to the Siret and the Prut catchment basins, 

overlapping the historical region of Moldavia: 1–the Eastern Carpathians; 2–the Curvature Carpathians; 

3–the Suceava Plateau; 4–the Moldavian Subcarpathians; 5–the Curvature Subcarpathians; 6–the 

Moldavian Plain; 7–the Barlad Plateau; 8–the Lower Siret Plain. 
 

METHODOLOGY 

The field measurements involved summer 

campaigns in all the landforms and the 

catchment basins in eastern Romania, 

overlapping the historical region of Moldavia. 

They concerned the great catchment basins of 

Siret and Prut, both allochthonous, with 

sources on the territory of Ukraine. The 

sampling campaigns were conducted in the 

period 2009-2011, in the month of August, 

when the highest temperatures in Romania are 

recorded and when the liquid flow (of the 

sources and the streams) are the lowest. The 

expeditionary measurements were conducted 

using the HACH multiparameter and they 

targeted several parameters: temperature, 

salinity, pH, total dissolved salts (TDS), 

turbidity, dissolved oxygen, nitrates, nitrites, 

etc. In this case, only two qualitative 

parameters were analyzed: salinity and pH. 

The analysis concerned 108 hydrographical 

arteries of various sizes and 221 sources (salt 

and freshwater) in the Subcarpathian area. The 

water samples within the rivers were usually 

taken from at least three sectors: upper, middle 

and lower. For the big rivers, samples were  

 

taken from every major confluence. Most  

sources could be located due to the information 

provided by the inhabitants. Only a small part 

was represented by the localization based on 

the cartographic information. Not all the 

sources analyzed hold a high degree of 

salinity. Some of the sources also have 

freshwater character, being used to this 

purpose, usually as drinking water for 

household. Some of pieces of evidence were 

also analyzed in the lab, especially those with 

a high degree of salinity, in order to determine 

chemical composition, on elements. 
At the same time, the study also concerned the 

usage of waters within the human 

communities, mostly of the rural ones. Taking 

into account the magnitude of non-industrial 

use of salt-water sources by the rural 

communities, it may be considered that 

ethnomanagement is a fully operative concept 

in this case. It is a complex study of 

ethnoarchaeology of superficial waters in 

Romania, focused on the sources and the rivers 

in Moldavia. In this respect, besides field 

observations, analyses were also conducted 

regarding the inquiries on the importance 

played by the salt waters in the life of the local 
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communities and on their usage at a local and 

regional scale [29]. The study states, as the 

case may be, that some traditional activities, 

whereas not economically lucrative, they 

should be preserved in the traditional cultural 

patrimony of the rural communities. For the 

case study, the salt-water sources currently 

used or used in the past by the local human 

communities were inventoried and analyzed. 

Only the sources exploited from accessible 

areas were analyzable. The spatial analysis 

method specific to the geographical researches 

with applicability for the ethnoarchaeological 

field was used. In the future, the plan is to 

extend this method to the level of the entire 

Carpathian and extra-Carpathian space.  
 

RESULTS 

The hydrographical network within the two 

basins is extremely rich, but most of it has a 

temporary character. This analysis also 

targeted the big hydrographical arteries, 

important for certain landform units or for 

certain human communities. To the same 

extent, the sources with important flows – 

which can have a special importance in 

supplying the streams or for the economy of 

the local communities – were also selected. 

For this study, only the sources within the 

extra-Carpathian eastern area were inventoried 

and analyzed. This area largely corresponds to 

the Moldavian and Curvature Subcarpathians 

(Moldavia); in the future, the other salt-water 

sources will be studied, too.  

For salinity, a clear delimitation was observed 

between the rivers in the northern half of the 

Moldavian Plateau (The Moldavian Plain and 

the Central Moldavian Plateau) ad in the 

southwest of the catchment basin of Siret (The 

Curvature Subcarpathians). In the rest of the 

basins, only to small exceptions, there are 

hydrographical arteries influenced by salinity 

(Solonet, Sarata and Tazlau). Most rivers are 

included in the category of freshwater. They 

are also the biggest hydrographical arteries, 

with important liquid discharges.  

Only six rivers display a salinity that exceeds 

0.5 mg/L: Volovat – 0.7 (tributary of Prut), 

Rosu – 0.7 (tributary of Prut), Cacaina – 0.6 

(tributary of Bahlui), Sarata – 7.1 (tributary of 

Moldova), Sarata – 0.6 (tributary of Susita) 

and Saratel – 0.8 (tributary of Buzau). Most 

often, books are strongly influenced by salinity 

due to the supplying using salt springs (Fig. 7). 

Unfortunately, because of the continental 

climate of transition, comprising extended 

droughts, they often dry out.

 

 
Figure 7. Sampling from ”salty water” on the upper course of Sarata River - Soveja Depression 
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The pH is defined as a decimal logarithm with 

a changeable sign of hydrogen ions 

concentration. The value of pH indicates the 

acidic or basic properties of certain fluids; pH 

does not indicate any water toxicity. It must be 

mentioned that salinity and pH are not 

indicators of pollution. They influence only the 

quality of water, mostly of drinking water. All 

the rivers within the catchment basins of Siret 

and Prut are included in the category of 

alkaline waters. Most rivers are included in the 

category of highly alkaline and extremely 

alkaline waters. Most often, alkalinity is 

provided by the existence of calcareous rocks, 

rich in calcium carbonate. In the southwestern 

sector of the catchment basin of Siret, 

extremely alkaline waters are present. The 

values recorded for these hydrographical 

arteries are as follows: Lepsa – 9.3; Nehoiu – 

9.4; Buzau – 9.4; Saratel – 9.3; Slanic – 9.1; 

Ramnic – 9.4; Milcov – 9.2; Putna – 9.6; Bisca 

Chiojdului – 9.2; Calnau – 9.4; Basca Mare – 

9.2; Basca Mica – 9.5. In the Moldavian 

Plateau, only the Tutova River is included in 

the extremely alkaline category, with a value 

of 9.1. In the northern half of the catchment 

basin of Siret, there are only two arteries: 

Bistrita Aurie – 9.9; Dragosa – 9. Superficial 

freshwaters are used in all fields of activity: 

domestic (drinking water), industry and 

agriculture. Unfortunately, at the level of 

Romania, only 4-6% of the groundwaters are 

used. In the basins of Siret and Prut, their 

proportion is even lower. The only cities 

supplying partially from the groundwaters are 

Iasi, Bacau, Focsani, Barlad and Buzau. In 

order to meet the water demands, the biggest 

Moldavian cities (Iasi and Bacau) have a 

double supply: superficial waters and 

groundwaters. The municipality of Iaşi, the 

second largest city in Romania (350,000 

inhabitants), has two supplying systems: a 

superficial source, from the lakes of Chirita-

Prut and Sorogari-Prut; groundwater source, 

from the alluvium deposits of the confluence 

between the rivers of Moldova and Ozana 

(accumulatively at the feet of the Moldavian 

Subcarpathians), 110 kilometres away. The 

municipality of Bacau is supplied from two 

sources: Poiana Uzului Lake within the 

Carpathian Mountains (50 km away) and two 

groundwater-capturing fronts localized 

approximately 5 km north from the city. 

All the great cities that are county centres or 

municipalities are supplied mainly by 

superficial waters: Vaslui (the reservoir of 

Solesti), Barlad (the reservoir of Cuibul 

Vulturilor), Buzau and Nehoiu (the reservoir 

of Siriu), Piatra Neamt and Bicaz (the reservoir 

of Izvorul Muntelui), Suceava (the reservoir of 

Dragomirna), Botosani and Dorohoi (the 

reservoir of Bucecea), Harlau (the reservoir of 

Parcovaci), Husi (directly from the Prut 

River), Stefanesti (the reservoir of Stanca-

Costesti), etc. The management of freshwater 

(superficial and groundwaters) is modern and 

it cannot be compared with that of salt waters, 

which is ancestral. The rural populations 

within the entire region of Moldavia 

(mountains, hills, plains) have used the salt-

water sources, mostly from springs (Fig. 7). 

The eastern extra-Carpathian area comprises 

three landform subunits included in the 

catchment basin of Siret: the Suceava Plateau 

(county of Suceava), the Moldavian 

Subcarpathians (counties of Neamt and Bacau) 

and partially the Curvature Subcarpathians 

(county of Vrancea). In the corresponding 

extra-Carpathian area, 221 salt springs and 

freshwater springs were identified; they are 

distributed as follows: 50 in the county of 

Suceava, 70 in the county of Neamt, 78 in the 

county of Bacau and 23 in the county of 

Vrancea [29]. It must be noted that salt springs 

influence only the salinity of small streams, 

which most often dry out. The only permanent 

brooks, influenced strongly by salinity, are 

Sarata (within the area of the local climacteric 

resort of Oglinzi, county of Neamt) and Sarata 

in the Soveja depression (county of Vrancea). 
Most salt-water sources within the eastern 

extra-Carpathian belong to the area of deposit 

salt (NaCl) development; such salt often takes 

the form of diaper outcrops [6, 7, 24, 25]. 

There is no industrial exploitation of rock salt 

around salt-water sources. Industrially, salt 

deposit is exploited only in mines (Targu 

Ocna, Cacica, Ocnele Mari, etc). Considering 

the low discharge of salt springs, there is only 

an artisanal exploitation of water washing off 

the salt in the substrate and it emerges on the 

surface as highly salinized waters.  
Salt within the eastern extra-Carpathian area 

has been used in both its solid and its liquid 

form. From salt in liquid dispersion, by 

applying the thermal brine processing, people 
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used to obtain regularly, until the first half of 

the 20th century what they called husca, 

namely recrystallized salt. Nowadays, this 

procedure is used only rarely. Brine has been 

used to prepare all kinds of foods, on 

household level and on community level 

(village restaurants, monastic establishments), 

to make cheese, to conserve animal and vegetal 

products, to treat sheepskin, etc Brine has also 

been used for animal nutrition, by sprinkling 

salt water on the fodder or by adding it to the 

food for pigs [29, 31]. Haystacks (especially of 

oat) are often sprinkled with brine to protect 

them from rodents [29]. 
There are close connections between the 

prehistoric habitations of the Starčevo-Cris 

and Cucuteni cultures (6000-3500 BC) and 

most salt-water sources. This observation is 

valid for the Subcarpathian area of the county 

of Neamt, for the Lunca - Oglinzi - Targu 

Neamt sector, for the Poduri sector within the 

county of Bacau and for the Cucuteni-Cetatuia 

sector with the spring of Bala-Arcaci (Iaşi) 

[32, 34]. Spatial relations are supported by the 

presence of Cucuteni briquetage fragments 

within high settlements: Oglinzi-Cetatuia and 

Raucesti-Munteni [32]. It appears that the high 

Cucuteni settlements – fortified or not – play a 

central role in salt control and exploitation. 

They ensure the visual control of the main 

access ways to salt-water sources and the 

diffusion of the salt “small breads” produced. 

By conducting a reverse analysis from that of 

classical archaeology, the implemented 

archaeological endeavour is mostly interested 

in the natural resources, not in vestiges. The 

purpose is to reconstruct as well as possible the 

history of prehistoric communities and their 

sociocultural options, depending on an 

irreplaceable substance, a condition of life and 

a source of wealth, whose origin is included 

among the myths of the first agricultural 

societies. 
In order to determine precisely the exploitation 

points of the salt waters from sources and their 

usages, various researchers within Alexandru 

Ioan Cuza University in Iasi and within the 

History Museum of Piatra Neamt have 

conducted field surveys. They involved 

questioning the subjects living in the vicinity 

of the sources (58), within the villages around 

the springs (105) and within sheepfolds (13). 

The surveys were conducted in two distinct 

periods: 2004-2007 and 2008-2011 [29]. 
The ethnographic researches distinguished 

three types of zonal distribution of salt springs 

depending on the spatial extension of the 

settlements using salt water: village, with 

sources of local importance, used by three 

villages at the most situated at a distance of at 

least 5 km; municipal or over-village, in case 

of the sources used by four villages situated at 

a distance of up to 20 km; over-municipal, in 

case of sources used by numerous human 

settlements that exercise an attraction from a 

long distance. In case of political cries or 

natural disasters, salt water supply is not 

operative in the true sense of the process. On 

principle, one can admit the existence of a 

radial distribution scheme for the water of a 

salt spring. The ethnographical and 

archaeological information demonstrates the 

existence of a simple salt water supply and the 

production (export) of crystallization salt 

(husca). The salt water supply act generated a 

distribution network and more rarely a 

redistribution network. Salt water supply is a 

large-scale practice and it does not represent an 

indicator of poverty. It has been used by 

various categories of population for the 

conservation of vegetal products, cheese and 

for lard conservation. 

A very important stage in salt production was 

represented by its recrystallization, by boiling 

brine within springs. The recrystallization 

practice involved the following strategies: salt 

recrystallizes (known as husca in folk 

language) near the Carpathian arch; the 

production of husca in seasonal habitats such 

as isolated sheepfolds in the mountains; the 

production of husca in villages, mainly in 

yards and more rarely within dwellings (in 

cauldrons hanging on pillars). The 

ethnographic research brought important in 

what concerns the use of natural brine and of 

salt in general. There are more usages than 

those stated by archaeologists thus far. Salt 

water is still used directly in various types of 

dishes and foods. Brine is used for both 

households and collectives (restaurants, 

monasteries, etc). Brine has a generalized 

usage in various mixtures of food products, 

especially for pork products. The fodders used 

for feeding cattle are sprinkled with brine in 

the Subcarpathian area. Most often, brine is 
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used for conserving lard, cheese, vegetables or 

herbs.  

The most surprising results are specific for 

treating certain illnesses. The villagers of the 

Moldavian Subcarpathians use a great variety 

of procedures (some of them unique in the 

entire European space: warmed stones 

immersed in salt water to treat rheumatism in 

wooden baths). Recent studies have shown that 

many of the halotherapeutic practices in 

Moldavia are also present in the Greek and 

Roman world for treating dental issues, skin 

burns, headaches, angina pectoris, 

amygdalitis, stomach pain, lumbar and joint 

diseases, dog or cat bites, frost bites, ear pain 

or mouth pain, bleedings, etc [39, 42]. The 

existence of common therapies within these 

different chronological and cultural spaces 

implies the fact that salt had a significant 

therapeutic dimension in prehistory, but 

archaeologists had often neglected this reality. 

The streams with high salinity are not used 

because their concentration is low. Because 

they have high salinity only in the upper 

sectors of streams, near the sources, the latter 

are preferred for usage. People use only the salt 

crusts left after the summer drought. Only 

from this perspective, it can be stated that the 

salts within streams are also used artisanally. 
 

DISCUSSIONS 

The largest catchment basins on the Romanian 

territory are Siret and Prut. At the same time, 

they represent the most important water 

sources for the population of these regions [51, 

52]. Whereas the liquid discharges of the two 

arteries are relatively high (related to the other 

streams in Romania), the resource is low 

because it is linked with the number of 

inhabitants. From this perspective, Moldavia is 

the most populated region, with the highest 

human densities in Romania.  

Most tributaries in the Moldavian Plateau are 

small and their liquid discharges are extremely 

low. Most streams of the first, second and third 

category according to the Horton-Strahler 

ranking system dry out annually, most of the 

times during the summer (due to the lack of 

precipitations and to high evapotranspiration) 

and during the winter (due to total freeze). In 

this case, water resources from most areas of 

the Moldavian Plateau are limited or even 

absent. The need of water preservation led to 

the construction of most reservoirs in the 

counties of Botosani and Iasi, situated in the 

Moldavian Plain. Whereas the two counties are 

among the poorest in water resources, they 

rank second and third, respectively, in aquatic 

surfaces. A quick glimpse on the 

hydrographical map for this region can be 

deceiving in terms of the water resources. 

Those lakes were constructed precisely 

because of water scarcity, not its abundance.  

Another deceiving element is the density of the 

hydrographical network, which is extremely 

high in this case. It is due to the significant 

friability of the geological substrate and the 

massive deforestations in the east of Romania. 

Most small hydrographical arteries have dried 

out or they have water only during heavy 

rainfall. The permanent character of certain 

autochthonous rivers is provided mainly by 

groundwater supply. Most large 

hydrographical arteries have a 30-50% 

groundwater supply [20]. 

Significant influences are visible only in case 

of small rivers. Most of them have freshwaters 

(high flow determines a significant dilution 

power). The influence of salt deposits or rock 

salt is dominant only on the groundwaters, 

which have a relatively high degree of salts [6, 

53, 54]. This high degree is also determined by 

the slow circulation of groundwater (fine 

granulometry) or by the reduced pluvial 

supply. People use the salt waters from 

springs, scarcely from streams (the salt crusts 

left after the summer drought). Springs have 

significantly saltier waters than streams. They 

represent the main source of river supply. The 

relatively low salt contents within rivers are 

due to low groundwater flow and to dilution 

caused by meteoric waters. The dilution power 

is apparent in case of large hydrographical 

arteries. 

The nature of geological deposits has a special 

influence on the salinity and pH of 

groundwaters and at the same time of 

superficial waters [26]. Massive rock salt 

deposits are found in the area of the Moldavian 

and Curvature Subcarpathians. For this reason, 

parts of the superficial waters have higher 

salinity than those in the Moldavian Plateau 

(Fig. 8). In the Moldavian Plateau, several 

hydrographical arteries have an important 

degree of salinity, but it does not exceed the 

values recorded in the Subcarpathian area. The 
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Moldavian Plateau does not contain any salt 

deposits, but only saliferous sandy-clayey 

deposits (from the waters of epicontinental 

seas that covered these surfaces in the past). 

Salts come from their dissolution due to the 

circulation of the groundwaters.

 

 

 
Figure 8. Salinity distribution for the streams within the catchment basins of Siret and Prut 

 
For the superficial waters within the catchment 

basins of Siret and Prut, a certain correlation 

may be established between salinity and pH. 

Many of the superficial waters with high 

alkalinity overlap those with salinity: Saratel 

(tributary of Buzau); Sarata (tributary of 

Moldova); Volovat and Baseu (tributaries of 

Prut). In the southern half of the Moldavian 

Plateau, there are several rivers with highly 

alkaline pH. The existence of calcareous, 

sandy-clayey and loessoid deposits favour this 

phenomenon. The highest values of alkaline 

pH are found in the Curvature Subcarpathians, 

in the saliferous and volcanic tuff deposits. In 

this case, too, the low values of alkalinity are 

specific to the large hydrographical arteries 

with high and relatively constant discharges. 

The low superficial water resources and their 

over-exploitation lead to a lack of water for 

many localities during droughty years. Due to 

the acute lack of water, many reservoirs have 

been constructed in order to preserve the 

waters from precipitations. The region of 

Moldavia comprises the largest number of 

reservoirs destined to water supply for human 

settlements. Moldavia is an important 

agricultural region. For this reason, most 

superficial waters contain nitrates and nitrites. 
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The pollution degree of superficial waters is 

low because the polluting industry (chemical, 

iron and steel, etc) is no longer active. At the 

same time, the European Community imposed 

the cleansing of wastewater, mostly of those 

within urban centres. 

The most important impediment of superficial 

waters is represented by high hardness, which 

leads sometimes to the onset of kidney 

diseases. The new industrial exploitation 

facilities for freshwater comprise water 

softening devices. The rural population, most 

of the times poor, cannot afford such facilities. 

The rural settlements use only the phreatic 

groundwaters that are not salinized, but they 

are influenced by the substances used in 

agriculture. Deep waters are salinized or hard 

most of the times. Most often, such properties 

render them unusable. In order to avoid 

illnesses or even deaths caused by the pollution 

of superficial waters of phreatic waters, the 

State has decided for the capturing of drinking 

water sources exclusively. In this respect, 

European funds have been accessed and very 

soon all the localities in Romania will be 

supplied with quality water. Most cases of 

deaths concerned infants under the age of one, 

who are given water with nitrates and nitrites.  

The great dams within the mountainous areas 

led to the creation of lakes with multiple 

usages: hydroenergy, water supply for the 

surrounding localities, irrigations, pisciculture, 

leisure activities, etc. In the area of low 

landforms, only small earthen dams were built, 

which can create very small lakes, most often 

comprising low water volumes. The only big 

lake was constructed on the Prut River, at 

Stanca-Costesti, and it ensures the water 

supply in the northeast of the Moldavian 

Plateau. The water volume accumulated in this 

lake could ensure water supply from the entire 

area of the Moldavian Plain, but the price for 

building a transport infrastructure is far too 

high for the financial possibilities of this 

region.  

For the European prehistory, the Moldavian 

area is particular and it distinguishes clearly 

from other European or global areas due to the 

continuous character of the ancestral salt 

exploitation and usage practices in the absence 

of mechanization, economic organization and 

legal regulations [29]. Whereas the 

refrigeration era reached even the most 

isolated places within the Romanian territory, 

the technique of food conservation persists in 

the Moldavian Subcarpathian area. In some 

cases, in the rural setting, the use of both 

conservation systems has been observed: 

namely, the lard or ham conserved in brine is 

placed in a fridge. The point of Poiana Slatinei 

in Lunca (the commune of Vanatori Neamt in 

the county of Neamt) constitutes the most 

representative salt-water exploitation point in 

Moldavia and at the same time point of 

reference for European prehistory. In this area, 

three areas of archaeological depositions were 

identified. Area A, the most important one, is 

situated near the current salt-water spring. The 

archaeological materials belong to the 

Neolithic and to the Chalcolithic (the 

Starčevo-Cris culture, the linear pottery 

culture, Precucuteni, Cucuteni), to the Bronze 

era (the cultures of Costisa-Komarov, Noua) 

and to Early Middle Ages (10th-12th centuries 

and the 19th century [31]. 
There are two forms of waters management, 

which coexist in the context of modern 

technology dominance. The most evolved 

form belongs to the State or to the private 

organizations within the local communities. 

The primitive, ancestral, inherited form is 

ingenuous and it is not submitted to the State 

legislation, administration or tax authority. 

This situation enables the survival of local 

food conservation traditions or regional food 

preparing techniques [29]. The taste of certain 

recipes can only be provided by the type of 

brine used in the food preparing process. This 

explains its large-scale dissemination in the 

rural setting, though salt is very cheap to buy. 

The current ethnomanagement represents a 

continuation of the preindustrial one. It 

constitutes the key to understanding the 

complexity of salt-water sources exploitation 

since prehistory. In this case, these are the 

oldest such exploitations on Earth [31]. The 

natural ecosystem around the salt-water 

springs has been used in consonance with the 

unwritten laws of rural ecology 

(ethnoecology). The territorial structuring of 

the communities was determined by the 

existence of freshwater springs and streams 

that managed to meet the demands of a 

community (Fig. 9). Most prehistoric 

settlements within low areas (plateau, hills, 

plains) were cantoned in the upper part of the 
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catchment basins, where freshwater sources 

ensured the supply for the communities. At the 

same time, settlements were protected against 

the risk of floods, which were frequent in the 

lower sectors [55, 56]. In the mountainous 

area, because of the steep landforms and 

limited food resources, human settlements 

chose most of the times areas with salt-water 

sources. Hence, two water resources (salt-

water and freshwater) were exploited, based on 

which two types of ethnomanagement 

emerged. The exploitation of salt-water 

sources may have represented a subsequent 

developmental phase of prehistoric 

communities, starting with the Neolithic, more 

rarely with the Palaeolithic.
 

 
Figure 9. Saltscape in the area of the Oglinzi brook 

 

For the eastern Subcarpathian territory, the 

following current usages of the salt waters 

were delimited: human nutrition (private or 

collective consumption, food conservation – 

cheese, meat, lard – and the private industrial 

sector for traditional products); animal 

nutrition (stock for pigs, fodders sprinkled 

with brine); protection of fodders, mostly of 

haystacks, against rodents; human halotherapy 

(rheumatism, skin disorders, swollen feet, 

inflammations, open wounds, stings, flu, cold, 

etc); veterinary halotherapy (arthritis, 

polyarthritis, sprains); crafts (animal skin 

processing, stove construction), etc [29]. 

Salt exploitation in its liquid form still has a 

strictly local character. Salt recrystallized by 

the boiling of brine was destined to barter or to 

remote sale. Barter was disseminated during 

supply crises, mostly during the Second World 

War or right after its ending. Nowadays, barter 

is only practiced within local communities, 

among those who exploit the deposit and the 

elderly population, given that they can no 

longer go to the salt springs [29]. 
The information concerning the methods 

applied for the exploitation of the salt waters 

and their usage has underlined the 

ethnoarchaeological potential of Moldavia. 

The determination of the perimeters 

corresponding to traditional exploitations and 

usages of salt-water springs features numerous 

practical implications from various fields: 

public health (by the identification of harmful 

trace elements in the salt waters); halotherapy 

(contraindications of traditional 

halotherapeutic practices); rural economy 

sustainability (determining the parameters of 

parallel economy); archaeological and 

ethnographic tourism (which has not been 

exploited thus far). 

From a cultural perspective, this endeavour 

saves from oblivion the invisible inheritance 

generated by the existence of salt-water 

sources. The exploitation of salt-water sources 

has paradoxically flourished by encouraging 

private initiative, specific to the capitalist 

economic system in Romania. Beyond any 

doubt, this phenomenon will soon disappear, 

as it happened in the entire European space. 

From this perspective, it is worth noting the 

initiative of certain entrepreneurs, who 

decided to build salt-water pools, small 



Acta Geobalcanica 4-2, 2018, 85-103 

99 

premises for baths in guesthouses with a 

climacteric character, to add salt in food for pig 

farms, to conserve the Romanian feta cheese in 

brine in micro-factories, etc. The preservation 

of salt-water exploitation and usage traditions 

is encouraged nowadays by the “ecologist” 

current of food consumption. Agrotourism 

promotes the idea “like your mother’s meals” 

where food is prepared according to old 

recipes, often conveyed orally. At first glance, 

the exploitation of salt springs seems like a 

characteristic of poor people. The research 

conducted thus far has demonstrated that 

consumers who have more than a decent living 

standard also use salt spring water; its taste 

qualities play the most important role in the 

continuation of traditional salt supply 

practices. This change in values can be 

encouraged only by governmental measures 

meant to activate ethnomanagement and 

ecotourism. In this case, there is also a dispute 

concerning folk management versus modern 

management. 
Although Romania is currently in the stage of 

industrial-agrarian development, on its 

territory there are numerous examples of 

persistence of traditional behaviours. The 

manifestation is dominant in the rural setting 

and almost extinct in the urban setting. From 

an economic point of view, Moldavia 

comprises two distinct regions: the eastern 

extra-Carpathian unit, represented by the 

Subcarpathian unit (The Moldavian 

Subcarpathians and the Curvature 

Subcarpathians, to which the Suceava Plateau 

can be added), which is more developed; the 

unit of the Moldavian Plateau (The Moldavian 

Plain, the Barlad Plateau and the Lower Siret 

Plain), which is poorer. Of course, this 

difference is provided by a cumulus of factors, 

mostly the existence of natural resources (on 

the ground and underground), but the 

transition unit represented by the 

Subcarpathians is more developed 

economically also because it has always used 

two categories of water: freshwater and salt 

water. The existence of the salt waters has 

facilitated the local and regional development 

of certain traditional economic branches based 

on their exploitation and usage. 

 
CONCLUSIONS 

The nature of the geological substrate within 

the catchment basins of Siret and Prut 

influences especially the salinity and pH of the 

groundwaters and the superficial waters. To 

the same extent, the human activities related to 

the exploitation of salt resources as salt-water 

sources are also influenced. There is a 

relatively close connection between the 

salinity and alkalinity of superficial waters. 

Most salt waters and alkaline waters are found 

in the Moldavian Plain and in the Curvature 

Subcarpathians. High salinity is specific to 

springs. Small rivers with low discharges are 

strongly influenced by salinity (Fig. 10). They 

lead to the emergence of a specific landscape 

(saltscape) [57]. The big streams have 

freshwaters because the dilution power of 

water is significant. Salinity and pH are not 

indicators of pollution, but they can alter the 

chemical properties of waters and at the same 

time, they can limit their usage.

 

 
Figure 10. Salinized soils in the Moldavian Plateau (the catchment basin of Prut) 
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Freshwaters, mostly the superficial ones, are 

exploited using modern means and they are 

used on a large scale in all the economic fields. 

The population in eastern Romania uses 

mostly the water or rivers, and to a lower 

extent the groundwaters. Only the rural 

population uses on a large scale the phreatic 

waters, most of the times contaminated with 

nitrates and nitrites. Over 80% of the water 

within the Moldavian fountains is not fit for 

human consumption. 

The archaeological traces indicate that the 

local population has used salt waters since the 

Neolithic and the Chalcolithic. These are the 

oldest such records on the European continent 

and among the oldest in the entire world. The 

exploitation and usage methods for salt waters 

are still of actuality in old locations. 

Unfortunately, due to the modern technique 

implemented in most industrial and household 

branches, very soon these ancestral crafts will 

disappear. The ethnomanagement of salt 

waters is the heir of preindustrial management. 

The emergence and development of the human 

settlements have been influenced by the 

existence of freshwater sources and streams. A 

special development was recorded by the 

localities that also comprised salt waters, 

which used to be essential or local and regional 

economy. The eastern extra-Carpathian region 

with a Subcarpathian character has developed 

significantly more than the other regions in 

eastern Romania. Besides the fact that it 

represents a landform unit of transition 

between a mountain and a plateau or a plain, 

with diverse natural resources, it also contains 

the most important salt reserves, which have 

been exploited and traded since time 

immemorial. The salt “trade” (barter) used to 

have a regional level, but currently it is still 

practiced on local level, around the salt-water 

sources. It is still surprising that the old salt 

brine exploitation crafts have been conveyed 

and preserved. From this viewpoint, the tourist 

resource, based on salt brine exploitation 

techniques, can represent a significant source 

of income. The governmental measures should 

not affect ethnomanagement, because it is in 

agreement with the ecologist ethnovision. 

However, the State must intensify the modern 

management of freshwater.
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