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Abstract: The paper is a plea in favor of statistical quantitative analyzes in the modeling of the mountain
economic development. The arguments in favor of the use of statistics in the modeling of mountain businesses
reside in the need to map the present to establish future trends. The future is built through constructs, and
abstractions made only conceptually intuitively - without quantitative data validation - can ensure sustainabil-
ity or failure in predicting the trends of the current society. Science and reality in the 21st century are metamor-
phosing more rapidly and chaotically than until now, especially against the background of the insertion of new
technologies in contemporary society, the dynamics of various phenomena being difficult to predict without
applicative substantiation. As a model, the paper presents statistical analyzes and econometric models carried
out at the European and national level for mountain entrepreneurship in the EU, related to the supporting
sectors of mountain agriculture, respectively industry, services, and the quaternary sector. The authors of the
study carried out the analysis for the indicators Population of active enterprises in t - number, Establishments of
enterprises in t - number, Dissolutions of enterprises in t - number, Newly established enterprises in t-3 that survived
until t - number. The indicators presented, analyzed for the period 2008-2018, and forecasted for the period 2019-
2026, integrate the mountain business environment into the considerable development of the demographics of
European businesses. The results of the paper demonstrate the importance of using statistical analyzes and
econometric models in establishing the reality and forecasting mountain economic phenomena. Specific to the
European business environment, the results of the paper present a general picture favorable to mountain en-
trepreneurship.

Keywords: development and modelling; mountain statistic; statistical quantitative analyzes

1. Introduction

The modeling of the mountain development involves the implementation of business intelli-
gence in the development of mountain areas through the integrated application of different methods
of analysis and forecasting. (Stettler and Mayer 2023; Liu et al 2022; Krutina and Faltova Leitmanova
2005; Covaci B and Covaci M 2023a; Covaci B and Covaci M 2023b)

Mountain science, a construct in full ascent in the last 20 years, is solidifying its position as a
science — moving from a paradigm to a complex system of a scientific type — which is why the quan-
titative modeling of trends gives decisive character to new types of development. Qualitative analy-
sis, mainly exploratory, is interesting from the perspective of ease of application in the study of the
mountain economy, but the demographic trends of mountain businesses can be calibrated mainly
through statistical analysis, mathematical modeling, and econometrics. The demography of moun-
tain business sets the direction of the mountain economy, the entrepreneurial environment being the
one that predominantly supports the mountain areas of the world. Therefore, statistical analysis rep-
resents a strong argument for the sustainable and sustainable development of the mountain economy.
Applied research in the mountain economy spectrum requires continuous integration of new data
into a specific analysis and ensures the balance between data quality and quantity. Statistical analyzes
lend objectivity to models, but more than that they ensure transparency, consensus, impartiality, and
correspondence with observable reality. (David et al 2017)

The economic growth models of the second half of the 20th century, especially related to aggre-
gate productivity, highlighted apparent contradictions related to new technologies. For this reason,
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both theorists and practitioners began to avoid statistical analysis - so necessary in mountain science
- a development that led to the deceleration of productivity measurement, consequently providing
adequate information for the real economy. The stagnation did not stop only at the informational
level, but also at the application level, noting that even productivity was considerably reduced due
to the non-use of statistics in the modeling of the economic development (Brynjolfsson et al 2017).
This tendency, weakly felt in emerging economies, provides clearer support for the sustainability of
productivity than in the case of developed economies. From the perspective of the implications of
new technologies on the modeling of the economic development, it seems that there is a resumption
of the Solow paradox (1957/1987) - which postulates that new transformative technologies appear
continuously that must be integrated into the economic modeling - but in the productivity statistics,
itis not found, at their true magnitude, their added value (Brynjolfsson et al 2017). In this context, the
discordance between the effect of new technologies and the actual productivity observable in the real
economy requires the dynamism of statistical measurement. In other words, the econometric models
- especially regarding the mountain area - require a more authentic dynamism, so that their effective-
ness in the real economy is more obvious.

Solutions for high accuracy of statistical data and resulting models refer to the need for correct
use of real data, balancing theory with practice, incorporating the effective use of statistical data in
the mountain business environment, creating dynamic models that allow metamorphosis in real-time
depending on the existing realities at the level of the studied mountain area, the application of auto-
regressive models that consider the flattening of the gap between the statistical significance and the
existing reality, etc. (Hoerl and Snee 2020)

Risk and uncertainty, chaotic realities of today's mountain economy, can be predicted through
statistical tools and methods, which provide deep insight into the data and realities of mountain busi-
ness. Statistical analysis is relevant in any phase of data modeling, such as data on business initiation
and development, data exploration, data analysis and model building, model validation, representa-
tion, and reporting. (Weihs and Ickstadt 2018)

In an increasingly informationally polarized world, the notion of metadata presents itself as a
means of addressing the problem of pluralities. The integration of mountain realities in statistics,
especially socio-economic ones, represents the main problem of sustainable development models of
mountain areas. Data quality means more than aspects of institutional independence (guaranteed by
public funding and law), requiring an integrated theoretical approach that provides realistic models
for intelligent manufacturing development. (Diaz-Bone and Horvath 2021)

The resistance of some researchers to statistical analysis, mathematical modeling, and economet-
rics is justified in terms of the errors of the economic models made so far, but compared to the quali-
tative models of the economy, the quantitative models confer a lower degree of error. Errors in well-
built and calibrated econometric models are insignificant (below 3%), meaning their use confers
greater credibility than other models. Consequently, the best variants of economic modeling also call
on the statistical-mathematical apparatus.

2. Material and Methods

The materials used in support of the plea for statistical research in the mountain economy refer
to the exploratory research of similar and adjacent works to this research, as well as to the quantitative
research on important indicators reported in Eurostat concerning mountain business demography.
Statistical analyzes and econometric models were obtained by simulating the data in SPSS, the results
being validated without significant errors.

The indicator Population of active enterprises in t - number, the most relevant indicator for the
mountain business environment, shows the importance of developing the business environment
through the application of mountain policies that support the economic entities created so that they
last at least three years after their establishment. At the same time, boosting the mountain business
environment must integrate start-up policies so that mountain start-ups and spin-offs become a real-
ity, not just a wish. Another sustainable aspect of the mountain business environment considers the
degree of occupation as defining for the sustainable development of mountain areas. The employ-
ment used as a threshold for the mountain business environment should be based on the annual
average number of persons for the period of operation of the enterprise.

The population of active enterprises is of particular importance also because the other mountain
indicators develop according to it. This indicator also shows mountain entrepreneurial trends,


https://doi.org/10.20944/preprints202502.1168.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 February 2025 d0i:10.20944/preprints202502.1168.v1

3 of6

particularly by capturing the speed and extent of the shift to types of economies needed in mountain
areas, such as service-based or information and communication technology-based economies. How-
ever, even if there is a relatively large number of formations and dissolutions in a given period, the
number of active enterprises in that period may be higher than in previous periods. This development
may only reflect increasing volatility, not necessarily a true increase in the economic importance of
this category. For this reason, it is recommended that indicators related to the population of active
enterprises be permanently accompanied by indicators on establishment, dissolution, and employa-
bility.

These indicators, especially the Population of Active Enterprises, provide both a short-term and a
medium-term view of the evolution of the mountain business environment. (OECD 2012)

The statistical analysis and forecasting models used specifically for each case refer to economet-
ric smoothing methods, such as Holt-type simple exponential flattening, autoregressive time series
adaptation through Arima-type moving average, and Brown's primary exponential adjustment. The
statistical descriptors analyzed for each indicator are Average, SE (standard error), Minimum, Maxi-
mum, respectively the 5th and 10th percentiles, and the reported values are for stationary R-square,
R-square, RMSE (root mean square error square root of the mean), MAPE (mean absolute percentage
error), MaxAPE (mean maximum absolute percentage error), MAE (mean absolute error), MaxAE
(mean absolute error — the maximum error of the absolute mean), Normalized BIC (Normalized
Bayesian Information Criterion — normalized Bayesian information criterion).

According to Eurostat, the statistical models used to analyze and forecast the indicator Population
of active enterprises in t — number (I1) in mountain area are for Austria Model_1 Holt, Bulgaria Model_2
ARIMA(0,0,0), Croatia Model_3 Holt, Czech Republic Model_4 ARIMA(0,0,0), France Model_5 Holt,
Italy Model_6 ARIMA(0,0,0), Poland Model_7 Holt, Portugal Model_8 Brown, Romania Model_9
Holt, Slovakia Model_10 Brown, Spain Model_11 Holt, Sweden Model_12 ARIMA(0,1,0), Switzer-
land Model_13 Brown.

The statistical models used for the analysis and forecasting of the indicator Business establishment
in t — number (I2) in mountain area are for Austria Model_1 Holt, Bulgaria Model_2 Holt, Croatia
Model_3 Simple, Czech Republic Model_4 ARIMA(0,0,0), France Model_5 Holt, Italy Model_6 Holt,
Poland Model_7 ARIMA(0,2,0), Portugal Model_8 ARIMA(0,0,0), Romania Model_9 Holt, Slovakia
Model_10 ARIMA(0,0,0), Spain Model_11 ARIMA(0,0,0), Sweden Model_12 ARIMA(0,0,0), Switzer-
land Model_13 Brown.

The statistical models used for the analysis and forecasting of the indicator Dissolution of enter-
prises in t — number (I3) in mountain area are for Austria Model_1 ARIMA(0,0,0), Bulgaria Model_2
ARIMA(0,0,0), Croatia Model_3 Holt, Czech Republic Model_4 Holt, France Model_5 ARIMA(0,0,0),
Italy Model_6 ARIMA(0,0,0), Poland Model_7 Holt, Portugal Model_8 Holt, Romania Model_9 Holt,
Slovakia Model_10 Holt, Spain Model_11 ARIMA(0,0,0), Sweden Model_12 ARIMA(0,0,0), Switzer-
land Model_13 ARIMA(0,0,0).

The statistical models used for the analysis and forecasting of the indicator Newly established en-
terprises in t-3 that survived until t — number (I4) in mountain area are for Austria Model_1
ARIMA(0,0,0), Bulgaria Model_2 ARIMA(0,0,0), Croatia Model_3 ARIMA(0,0,0), Czech Republic
Model_4 Holt, France Model 5 ARIMA(0,1,0), Italy Model_6 ARIMA(0,0,0), Poland Model_7
ARIMA(0,0,0), Portugal Model_8 ARIMA(0,0,0), Romania Model 9 ARIMA(0,0,0), Slovakia
Model_10 ARIMA(0,0,0), Spain Model_11 Simple, Sweden Model_12 ARIMA(0,1,0), Switzerland
Model_13 Brown.

The parameters of the exponential smoothing model are Alpha (Level) - which implies the prob-
ability of making a wrong decision when the null hypothesis is true, respectively Gamma (Trend) -
which represents a two-parameter family of continuous probability distributions. The returned trend
values are of type Forecast, Upper Control Limit, and Lower Control Limit.

3. Results and Discussion

The results returned from the analysis present an emerging overview of all the mountain coun-
tries considered, especially Romania. The population of active enterprises in t - number shows a stable
and growing mountain business environment for Romania.

The statistical descriptors Mean, SE, Minimum, Maximum, 5th, and 10th Percentiles, listed in
this order for all indicators in this paper, show stationary R-squared values of .238, .661, -1.331, .906,
-1.331, -1.053; R-square .565, .379, -6.397E-13, 1.000, -6.397E-13, -3.844E-13; RMSE 13429.650,
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16824.033, 2.719, 47120.528, 2.719, 46.038; MAPS 2,372, 3,966, .000, 14,889, .000, .220; MaxAPE 5.922,
12.119, .000, 45.500, .000, .223; MAE 9285,887, 12057,580, 1,824, 33615,680, 1,824, 32,494, MaxAE
17984.495, 24491.900, 2.432, 84039.200, 2.432, 32.859; Normalized BIC 16,707, 5,390, 2,347, 21,902,
2,347, 5,314.

The predictive model for Romania, Romania-Model_9, presents the values of stationary R-
squared .730, R-squared .939, RMSE 3647.065, and MAE 2229.928 (the values are presented in this
order for all indicators in the paper).

The parameters of the Exponential Smoothing Model are for Alpha (Level) .329 and Gamma
(Trend) .294.

The predictive values of the Romania-Model_9 model is presented for each indicator in the work
for the period 2020-2026, thus for Forecast 299093, 307000, 314906, 322813, 330719, 338625, UCL
310700, 319113, 327505, 335879, 3442 37, 352581 and LCL 287487, 294887, 302307, 309746, 317201,
324670.

For the other countries studied, the forecasting models demonstrate the efficiency of mountain
businesses in European countries, with the forecast for 2026 showing linearity only for Bulgaria-
Model_2, Czechia-Model_4, Italy-Model_6, and Portugal-Model_8 (figure 1, immediately next).
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About the second analyzed indicator, Establishments of enterprises in t — number in mountain area,
the statistical descriptors present the stationary R-squared values .312, .371, .000, .837, .000, .000; R-
square .388, .421, -.007, 1.000, -.007, -.004; RMSE 4657.430, 6800.023, .81, 25521.459, .818, 18.047; MAP
7.152, 5.872, .001, 19.880, .001, .536; MaxAPE 14.859, 14.585, .002, 53.268, .002, 1.197; MAE 3330.493,
5148.976, .549, 19411.600, .549, 13.840; MaxAE 6713.361, 11158.056, .731, 41938.000, .731, 20.706; Nor-
malized BIC 14.662, 5.407, -.056, 20.616, -.056, 3.138.

The predictive model for Romania, Romania-Model_9, presents the values .725, .387, 2213.152,
1509.108.

The parameters of the Exponential Smoothing Model are for Alpha (Level) .401 and Gamma
(Trend) .368.

The predictive values of the Romania-Model_9 model is presented as follows: Forecast 33795,
34950, 36105, 37260, 38415, 39571; UCL 40838, 42301, 43751, 45190, 46620, 48041; LCL 26751, 27599,
28459, 29330, 30211, 31100.

The forecasting models for the European countries studied show that certain countries will ex-
perience a sustained regression until 2026 due to the establishment of many enterprises in the period
before 2018, these are Austria-Model_1, Bulgaria-Model_2, Italy-Model_6, and Poland-Model_7.

Other countries, such as Croatia-Model_3, Czechia-Model_4, Portugal-Model_8, Slovakia-
Model_10, Spain-Model_11, and Sweden-Model_12, will experience a linear stagnation of new busi-
ness start-ups, while France-Model_5, Romania-Model_9, and Switzerland-Model_13 will spearhead
the development of new mountain businesses in Europe (figure 2, immediately next).
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The indicator Dissolution of enterprises in t - number presents mountain businesses in the down-
ward forecast, the statistical descriptors for the stationary R-square values being -52.134, 189.184, -
681.774, 977, -681.774, -409.065; R-square .337, .385, -8.216E-15, .882, -8.216E-15, -4.929E-15; RMSE
3556,697, 5192,923, 48,014, 16347,379, 48,014, 125,964; MAP 5.738, 3.268, .962, 13.575, .962, 1.427;
MaxAPE 9.444, 4.940, 2.054, 16.670, 2.054, 2.473; MAE 2645,175, 4074,521, 32,444, 11901,000, 32,444,
74,016; MaxAE 4131,455, 6094,460, 48,667, 19672,500, 48,667, 145,515; Normalized BIC 15.125, 3.007,
8.109, 19.750, 8.109, 9.537.

The predictive model for Romania, Romania-Model_9, refers to the values .659, .739, 1971.804,
1246.079.

The parameters of the Exponential Smoothing Model are for Alpha (Level) .528 and Gamma
(Trend) 3.169E-7.

The predictive values of the Romania-Model_9 model is presented as follows: Forecast 28558,
30746, 32935, 35124, 37312, 39501, 41689; UCL 37042, 39398, 41752, 44102, 46450, 48795, 51137; LCL
20074, 22094, 24118, 26145, 28175, 30207, 32242.

European countries such as the Czechia-Model_4, Croatia-Model_3, Poland-Model_7, Portugal-
Model_8, and Slovakia-Model_10 show an upward trend for the number of companies dissolved,
against the background of the inactivity of some of them.

The effect on the labor market is not felt significantly, since the vast majority of the dissolved
enterprises were no longer in the demographic circuit of mountain businesses (figure 3, immediately
next).
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The indicator New enterprises established in t-3 that survived to t — number in mountain area shows
statistical descriptors with values for stationary R-square .132, .320, -4.619E-14, .985, -4.619E-14, -
3.233E -14; R-square .261, .426, -.035, 1.000, -.035, -.021; RMSE 2636.595, 3317.134, .196, 10593.111, .196,
1.249; MAP 6.520, 6.866, .001, 23.625, .001, .120; MaxAPE 12.713, 13.204, .001, 39.434, .001, .124; MAE
1799.913, 2212.814, .132, 6579.604, .132, .879; MaxAE 3832.782, 5069.414, .176, 17096.985, .176, .905;
Normalized BIC 12.762, 6.333, -2.910, 18.858, -2.910, -.775.

The predictive model for Romania, Romania-Model_9, shows the values 5.551E-16, 5.551E-16,
4401.574, 3121.280.

The predictive values of the Romania-Model_9 model is presented for all years as Forecast 19195,
UCL 31416, LCL 6975.

European countries reflect a balanced mountain business environment, with established busi-
nesses lasting more than five years in the European entrepreneurship market.

The Czech Republic -Model_4 and France-Model_5, the most emerging countries of this indica-
tor, show that mountain businesses can represent a way of developing the national and regional
economy, while the other countries, except Sweden-Model_12, and Switzerland-Model_13, have lin-
ear development trends (figure 4).
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4. Conclusion

According to the studies presented in the specialized literature and the authors' research, the
quantitative analyzes give the modeling of the mountain economy a high degree of scientific valida-
tion. The indicators analyzed as an example confirm the stability of the European mountain business
environment.

The population of active enterprises in t - number in mountain area has grown considerably during
the analyzed period, the forecast showing that the mountain economy will develop considerably in
the next five years.

In the analyzed period, but also the presented trend period, new enterprises to cover the moun-
tain's economic needs (Establishment of enterprises in t — number in mountain area) will support the
mountain's entrepreneurial environment.

In the paper it was shown that the dissolution of inefficient enterprises (Dissolution of enterprises
in t —number in mountain area) represents a reality at the level of the mountain business environment
in Europe, the beneficial effects being the establishment of new enterprises oriented more towards
local and regional mountain needs.

The economic entities that resisted dissolution or inactivity (Enterprises newly established in t-3
that survived until t — number in mountain area) solidified the mountain business environment, ensur-
ing the sustainability of the entire European mountain economy.
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