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PROBABILISTIC DEMOGRAPHIC FORECASTS
FOR METROPOLISES OF UKRAINE

Uncertainty is an intrinsic characteristic of demographic processes. This applies even more to
the future. Accurate deterministic forecasts are fundamentally impossible. This determines the
necessity to quantify the future uncertainty. The purpose of this research is to develop probabi-
listic demographic forecasts for the metropolises of Ukraine and analyze the outcome results. For
the first time, probabilistic demographic forecasts have been developed for individual cities of
Ukraine. The study was carried out using the functional data approach which incorporates wide
set of demographical methods and models implemented in several packages of R-programming
language. Chosen methodology is based entirely on statistics and does not require introducing
any additional arbitrary hypotheses.

At three cases (namely for fertility in Kyiv, Lviv and Kharkiv) the default method (ARIMA)
showed implausible results which could be induced by unreliable current data. In these cases we-
re used random walk model. For Odesa the both models give similar results. It is possible that in
this city the underestimation of the departed population is compensated by the underestima-
tion of the arrived, which leads to the relevance of the current fertility rates (namely their de-
nominators) and, consequently, the consistency of the forecast results regardless of the method.
Mortality forecasts are consistent with the dynamics of mortality rates being observed and
the quality of current data. The model captured upward life expectancy trends for Dnipro and
Odesa and stagnation for other cities. This is also could be caused by denominator inconsistency
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for the latter ones. Computation showed that the population size of Dnipro, Lviv and Kharkiv
in 2040 is most likely to be below the population number reached in early 2019. Some chances
for population growth remain in Odesa and Kyiv is likely to have a larger population. The age
distribution of the population in all cities in future looks similar. The number of people over
40 years of age has least uncertainty. At the age of 20 to 40 years, the uncertainty is much
higher. This is a consequence of the uncertainty of youth migration during the forecast horizon
of 2019-2039, because all these cities are powerful educational centres and attract students. In
2040 those who were students in 2020 will reach the age of 40 and can stay in the big city or leave.
Uncertainty of the number of persons under 20 is formed from two sources: uncertainty of fer-
tility forecasts and uncertainty of the number of reproductive cohort, i.e. those 20-40-year-olds.
It is needed to review these forecasts after receiving the results of the closest census.

Keywords: probabilistic forecast, functional time series, uncertainty, big city.

‘.. to predict future events in a statistical fashion —
that is, by stating the probability for alternate sets of events,
rather than flatly predicting that one set will take place’

L. Asimov, Prelude to Foundation

Formulation of the problem. Demographic forecasts have always been inaccu-
rate. They were relatively more accurate when their development fell on a period
of relatively stable demographic indicators. Times of abrupt changes in fertility
or mortality, not to mention migration flows, have always been unexpected. As
N. Keilman convincingly shows, the development of the methodology of demo-
graphic forecasting and the availability of computing power did not increase
the accuracy of population forecasts [1]. Deterministic forecasts cannot be accu-
rate in principle. The probability that the future population will be exactly as pre-
dicted is close to zero [2, p. 9]. The reason for this is three main sources of error.
The most obvious type of error is an incorrect model specification, namely, ina-
dequate choice of model or its parameters. This includes incorrect statement of
hypotheses about future fertility, mortality and migration. Inherent randomness
of demographic processes makes it impossible to accurately predict in principle.
The second source of error is the current population count data, on the basis of
which the model is set up. Unfortunately, a serious challenge for Ukraine in the
21st century is the quality of current population statistics due to the long absen-
ce of census and, consequently, the impossibility to specify the denominator of
the most important indicators of demographic development. Thus, not only fin-
ding the parameters of the model, but also the actual starting population itself
and its distribution by sex and age may turn out to be such that do not correspond
to reality. The third factor, that may affect the divergence of the forecast from ac-
tually observed, once the numbers become available, is the forecast itself. A clear
example of the impact on itself is the HIV / AIDS mortality forecast published
in 2006. According to this forecast, the number of AIDS deaths in Ukraine in
2014 was supposed to be 59,000 people in the average scenario [3, p. 12]. Public
concern about this possible development led to the introduction of a number of
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public and private programs for HIV prevention, treatment, care and support for
HIV-infected and AIDS patients. As it is already known according to the State
Statistics Service of Ukraine, 4,399 people died of HIV-related diseases in 2014.
Thus, the forecast-warning contributed to the abolition of itself. Fertility or mi-
gration forecasts can work in a similar way, urging the government to take ac-
tion to regulate certain processes and change their course accordingly.

Relevance of the research. The fundamental impossibility of an accurate de-
mographic forecast necessitates the description of the uncertainty of the future.
The traditional approach is to develop a multivariate forecast. However, as with
one variant, the probability of implementing each of the forecast variants is the
same (close to zero), and their number is still too small to describe the diversity
of the uncertain future. Keilman identifies two shortcomings of the multivariate
approach [4, p. 410]. First, there is no probability attached to the projected range
of variants, because the user does not have information on how likely future in-
dicators will fall in the range between “low” and “high” scenarios. Second, the
“low” and “high” variants are not realistic because, for example, the “low” variant
assumes that the fertility will be low each year of the forecast horizon. Also,
the combinations of “low fertility — low life expectancy” and “high fertility —
high life expectancy” form quite similar age structures of the population, which
artificially narrows the uncertainty of the dynamics of the share of the elderly in
the future. The latter problem can be solved by computing the forecast variants
in the combinations “low fertility — high life expectancy” and “high fertility —
low life expectancy”. However, the user still cannot determine the degree of pro-
bability of such a development of events.

Instead, the probabilistic approach offers an alternative and allows, if not to
get rid of uncertainty, then at least to quantify it. Probabilistic forecast is not ne-
cessarily more accurate than deterministic one. However, it contains more infor-
mation for user [5, p. 25], on the basis of which the user can make decisions tak-
ing into account the degree of uncertainty. Therefore, developers of demogra-
phic forecasts, such as the United Nations Department of Economic and Social
Affairs (DESA), the national statistical agencies of the Netherlands, New Zealand,
and South Korea, publish probabilistic demographic forecasts on a regular basis.
The United Nations Economic Commission for Europe (UNECE) advises to rep-
resent uncertainty directly [6, p. 2]. In addition, a study in Australia showed that
most users of subnational demographic forecasts need information about the de-
gree of uncertainty of the forecast and understand it correctly [7, p. 374]. Thus,
the development of probabilistic demographic forecasts is becoming widespread
and relevant.

Analysis of recent research and publications. The first approaches to the
probabilistic interpretation of the demographic forecast were made in the middle
of the 20" century. Later, there were attempts of an analytical solution. Finally,
the development of computer technology has made it possible to make appro-
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ximate calculations using simulations. At the end of the 20th century it was pro-
posed to combine the advantages of the probabilistic approach with an expert-
and argument-based judgment [8]. To reduce the impact of the subjectivity of an
expert opinion, the use of the Bayesian approach was proposed [9]. Namely,
the UN Population Division uses the Bayesian hierarchical model to develop
probabilistic forecasts [10]. This model is implemented in the form of a system of
R language packages [11] and can be applied both to the country as a whole and
at the level of administrative districts [12, p. 17]. The results of the computation
are published in a form adapted to the format of UN publications: by 5-year age
groups and 5-year time intervals [13, p. 818]. Models have been developed that
allow for a coherent forecasting [14] of indicators of close (e.g., neighbouring re-
gions) or related (e.g., male-female) populations.

The purpose of this research is to develop probabilistic demographic fo-
recasts for the metropolises of Ukraine and analyze the outcome results.

Scientific novelty. For the first time, probabilistic demographic forecasts
have been developed for individual cities of Ukraine.

Materials and methods. This study used the data of the State Statistics Ser-
vice of Ukraine for Dnipro, Kyiv, Lviv, Odesa, and Kharkiv. It was decided to
cancel the development of the forecast for Donetsk due to incomplete population
statistics and registration of demographic events in recent years in this city. The
forecast for Donetsk from the launch year of 2013 is inconclusive due to the im-
possibility of taking into consideration the unforeseen events in this region in
the coming years. To develop probabilistic demographic forecasts, data were used
for the period after the last population census on the number of: permanent po-
pulation by sex and age; born by mother’s age; born by sex; died by year of
birth; died by sex and year of birth under the age of 1 year. Data on the number
of deaths by age and year of birth in urban settlements of the respective regions
were used as additional information.

Newborns whose mother’s age is unknown were distributed according to
the age structure of the mothers of the respective marital status. In addition,
for the correct computation of mortality rates, the number of deaths was dis-
tributed by age. As already mentioned, the number of deaths at the age of 0 is
known for each calendar year of the base period (2002-2018). The distribution of
deaths for the remaining age groups was obtained by splitting the number of
deaths by year of birth into the number of deaths by age according to this distri-
bution in the urban area of the respective oblasts, as the distribution of deaths
by both age and year of birth is available for the latter. Migration data are the
least accurate. Therefore, the net migration by sex for the base period was com-
puted according to the demographic growth-balance equation on the basis of
the rest of available data.

The forecast of the population by sex and age is obtained by the cohort-com-
ponent method. The difference from the traditional approach is that, as a result,
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not a few, but many variants are obtained, sometimes several thousand trajec-
tories of probable future development according to the future sample paths for
each of these components: fertility, mortality, and migrations.

An important scientific principle is the possibility of independent verification
of the obtained results. The advantage of the methodology developed by R. Hynd-
man et al. [14, 15, 16] is its reproducibility and replicability. Reproducibility is
understood as obtaining the corresponding results using the same data, methods
and calculation algorithm. Replicability means obtaining consistent results ac-
cording to the same methodology using other data [17, p. 46]. Unlike the method
of expert-based judgment, the parameters of the model are estimated entirely on
historical data and do not require subjective assumptions [15, p. 338], although
some judgments about the choice of model can be made. In particular, the al-
gorithm [18] is quite flexible. Even in cases of obtaining unrealistic results using
the default parameters, it is possible to choose another of the available model
modifications implemented in the package, which will be mentioned below.

In any case, a careful indication of all the conditions of the study: the input
data and the algorithms used make the study transparent and reproducible. That
is, one of the most important scientific principles is fulfilled, which cannot be said
about the methods involving expert judgment. There are serious doubts that even
the expert himself will be able to reproduce his own research later.

Hyndman et al. in a series of publications have developed a holistic metho-
dology which combines different approaches and models into one framework.
According to the functional data paradigm, smoothing of mortality, fertility and
migration rates [15, p. 324] using constrained regression splines is carried out
before fitting the model. This makes it possible to immediately identify one of the
three sources of randomness in the model: the randomness of the variation of
births, deaths, or migrants. After fitting the model, the residuals not described by
the model (the second source of randomness) are defined. The third source is the
randomness inherent to time series [15, p. 326]. Smoothing also makes possible
interpolation of birth rates from 5-year age intervals into one-year intervals, if
they are not available. In this study, for all cities, fertility rates at 5-year age inter-
vals were used for unification, although more detailed data are available for Kyiv.

R. Hyndman implemented his methodology in package “demography” for R
programming language. This package provides functions for demographic ana-
lysis including: lifetable calculations; Lee-Carter modelling; functional data ana-
lysis of mortality rates, fertility rates, net migration numbers; and stochastic po-
pulation forecasting (https://www.rdocumentation.org/packages/demography/
versions/1.22).

The Lee-Carter model is used to forecast mortality [19]. The flexibility of the
demography package [18] is in the implementation of several variants of the
model. The researcher can choose not only, for example, the standard variant,
but also the parameters of the variant itself. Thus, the original Lee-Carter me-
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thod, after estimating the parameters of the model using singular value decom-
position, involves the adjustment of the overall mortality level parameter to the
number of actual deaths. However, this adjustment is optional and can be skipped.
You can also choose to adjust the parameters of the model to the actual life ex-
pectancy at birth (e0), as in the Lee-Miller variant [20]. The Booth-Maindonald-
Smith variant [21] differs in the criterions of parameter adjustment. The Hynd-
man-Ullah approach involves calculating more than one pair (up to 6) of the
relative age-specific rates of mortality change parameter and overall mortality
level parameter using the principal components decomposition.

Obviously, if the indicators of a process have a different growth rate for dif-
ferent objects in the base period, then, eventually, they will diverge or intersect.
If the processes under study occur with related populations, such as males and
females, it is logical to impose certain constraints to prevent this from happening.
Since, in the absence of catastrophic events, the directions of change in morta-
lity rates for males and females are not supposed to differ significantly, at least, in
long term perspective. This non-divergence of subpopulation indicators is called
coherence. Ensuring the non-divergence of life expectancy forecasts for both se-
xes in long-term was implemented in one of the modifications of the Lee-Carter
model — Li-Lee variant [22]. The methodology proposed by Hyndman et al. is
currently the most advanced. The product-ratio method developed by them con-
sists in modelling not age coeflicients, but square roots from their products and
ratios. The advantage of this approach is that these values change roughly inde-
pendently but have approximately the same variation [14, p. 263]. Confidence
intervals are calculated using autoregressive integrated moving average (ARIMA)
model [14, p. 265]. It can be noted apropos that DESA experts provide a non-di-
vergence of life expectancy by sex in simpler way. They project the life expectancy
for females and the gap in life expectancy between the sexes [10, p. 797].

The Lee-Carter model was generalized to forecast fertility [23]. The Hynd-
man-Ullah model implemented in the demography package is a successor in the
sense that it also uses the principal component decomposition, but it uses more
than one principal component, is more robust to random fluctuations during the
base period [16], and does not require pre-specified constraints on the upper and
lower bounds [23, p. 192] of total fertility rate (TFR), as proposed by Lee earlier.

The forecast of the net migration as compared to the forecast by inflows and
outflows has its constraints, as it does not take into account the differentiation of
migrants by main directions or countries which are the main migration partners.
However, such an approach may be sufficient, given the incompleteness and inac-
curacy of migration recording, as well as the variability of the process itself due to
changes in legislation (including in other countries), labour market situations,
political and environmental factors, and so on.

The described methodology is implemented in the software packages de-
mography [18] and forecast [24]. The advantage of these packages compared to
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those used by DESA [12] is greater flexibility in detailing the input and output
data. Thus, the computation can be carried out not only for 5-year time intervals
and 5-year age groups, but for 1-year time intervals and 1-year or 5-year age
groups. By default, the width of the confidence intervals is set at 80 % [18, p. 13—
15], but in this study in all cases (fertility, mortality and migration) the level of
95 % was used. For every city 1,000 simulations were calculated.

The main results of the research. Coincidentally, during the base period,
the fertility in Ukraine was mostly increasing. At the same time, in the studied
cities the period of birth growth lasted 1-3 years longer than for the country as a
whole. This may be due to both peculiarities of recording and deterioration of
the accuracy of current population estimates. As for the peculiarities of record-
ing, it is about the possibility since 2016 of recording a birth directly in a mater-
nity hospital. Of course, some women can take advantage of this opportunity,
even if they do not live in the locality. Births that occurred in the occupied terr-
itories are added to this. Thus, citizens living in the occupied territories can
apply to any court and obtain a birth certificate. If this court is not located in the
Donetsk or Luhansk oblasts, such a birth will be included in the statistical re-
porting of the administrative unit where the court is located. Due to more con-
venient transport accessibility, they can be large cities, such as Dnipro, Kyiv,
Kharkiv. Obviously, this practice artificially increases the fertility in large cities.
As for the deterioration in accuracy of the current population estimate, it is about
giving the birth by those women who actually live in the city but are not regis-
tered in it. This error in the current population estimate has accumulated due to
the long absence of a census. As all metropolises are attractive for migration, it is
likely that their population size, especially those of reproductive age, is higher
than according to statistics. Namely, this is the second source of population fore-
cast errors, which was discussed at the beginning of this article. Accordingly, the
fertility in large cities is actually lower than can be computed from official data.

Therefore, when computing the fertility forecast, such incorrect data lead to
implausible results. Namely: the real growth of the fertility, which was really ob-
served in the first decade of the 21st century, is amplified artificially due to the
annual divergence of the denominator (number of women) of birth rates from
the real situation. This leads to the ARIMA method extrapolating incorrect data
and therefore giving an implausible result. As a result, TFR was obtained in 2039
from almost 2 children per woman in Lviv and Kharkiv to 3 in Kyiv. At present,
such a level seems unlikely for Ukraine, and even more so for large cities. The-
refore, when developing fertility forecasts for these cities was used random walk
model, which is also available in the forecast package [24]. For Dnipro and
Odesa, the default method gave plausible results directly. Interestingly, in the
case of Odesa, both ARIMA and the random walk model give very similar results.
It is possible that in this city the underestimation of the departed population
number is compensated by the underestimation of the arrived population num-
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ber, which leads to the relevance of the current fertility rates (namely their
denominators) and, consequently, the consistency of the forecast results regard-
less of the method.

So, the application of different methods to different cities made possible to
obtain satisfactory results of the fertility forecasts. Thus, during the forecast hori-
zon TFR with a probability of 95 % will be in the range of 0.93-1.75, 1.16-2.00,
0.88-1.63, 0.97-1.73 and 0.63-1.37 children per woman in Dnipro, Kyiv, Lviv,
Odesa and Kharkiv, respectively. The mean values will be 1.29, 1.52, 1.19, 1.32
and 0.94 in Dnipro, Kyiv, Lviv, Odesa and Kharkiv, respectively (Fig. 1).

Mortality forecasts were not particularly difficult, and the results were plau-
sible and consistent with the dynamics of mortality rates being observed and the
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quality of current data. The same default method was used for all cities. Interest-
ingly, the model captured different trends for Dnipro and Odesa here too, com-
pared to Kyiv, Lviv and Kharkiv. Thus, according to the available data and the
model, in Dnipro and Odesa, the decline in mortality will continue, and e0 for
females will increase to 82.4 and 83.0 years in 2039 with confidence intervals
from 78.7 to 91.9 and 78.9 to 89.0 years respectively (Fig. 2).

As the methodology provides coherent forecasts for both sexes, a similar
trend will be observed for males in these cities. Thus, e0 for males will increase
to 73.4 in Dnipro and to 77.8 in Odesa in 2039. Confidence intervals will be
from 69.7 to 81.0 and from 72.1 to 86.5 for males in Dnipro and Odesa, respec-
tively (Fig. 3).

The sharp increase of e0 in 2008-2013 was replaced by stagnation in the fol-
lowing years. It is this stagnation that is extrapolated by the model to the other
three metropolises (Figs. 2-3). The functional time series approach involves a
geometrically decreasing weight for data more distant in the past [25, p. 200].
This is quite logical in the case of the availability of long time series. In cases with
data from Kyiv, Lviv and Kharkiv, stagnation after 2013 proved to be more sig-
nificant than the decrease in mortality in previous years. As a result, forecasts
were obtained with indicators close to those achieved in 2018. Over time, uncer-
tainty will increase, so the confidence intervals are gradually expanding until tar-
get year (Figs. 2-3). In 2039, the e0 for females in Kyiv, Lviv and Kharkiv will be
in the range of 74.9-80.6, 72.5-82.1 and 72.6-80.2 (Fig. 2). For males, €0 in 2039
will be 64.7-73.4, 61.3-74.9 and 62.1-73.5 years, respectively (Fig. 3).

The width of the confidence intervals is larger for males than for females
and smaller for larger cities than for smaller ones (Figs. 2-3). That is, the model
fairly estimates a greater degree of uncertainty for males and smaller popula-
tions, which also indicates its robustness.
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The difference of mortality forecasts for Dnipro and Odesa from Kyiv, Lviv
and Kharkiv, as in the case of fertility, may be due to the closer correspondence
of the current estimate of the number and sex-age structure of the population to
the real situation in the first two cities. Significant stagnation of life expectancy
in 2013-2018 in Kyiv and Kharkiv, as well as males in Lviv (Figs. 2-3) may be a
consequence, as in the case of fertility, of divergence of the real population size
from the current estimate. If the actual population size of these cities is higher
than the current data, it generates a relatively larger number of deaths, which
artificially reduces life expectancy, computed taking into account the registered
population number only. Therefore, it is possible that life expectancy in these
cities continues to increase and, unless current data had been distorted due to the
long absence of census, the model would have detected this trend, and life expec-
tancy forecasts would have shown further growth, as for Dnipro and Odesa.

Migration forecasts were also computed by default (except for the replacing
80% confidence intervals with 95 %) without any problems. The model averaged
the age structure of the net migration for the base period and extrapolated to
the target year, wrapping within the confidence interval. It should be noted that
all studied cities have a similar age structure of the net migration, as they are
powerful educational centres and attract student youth. Therefore, the most vi-
vid feature of all age structures is the “bulge” at about 18 years, which corres-
ponds to the arrival of former schoolchildren in order to continue their edu-
cation, and “deepening” at about 22-24 years connected with their departure. The
mean of the confidence intervals of the net migration forecasts is 1.1 thousand
for Dnipro, 17.9 thousand for Kyiv, 0.4 thousand for Lviv, 3.0 thousand for Ode-
sa and 4.8 thousand people annually for Kharkiv (Fig. 4). The confidence inter-
vals for net migration are wide: from -38.0 to +40.2 thousand for Dnipro, -26.2
to +62.0 thousand for Kyiv, from -10.1 to 11.0 thousand for Lviv, from -19.2 to
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+25.3 thousand for Odesa, from -28.9 to 38.6 thousand for Kharkiv (Fig. 4). It
must be noted that after the closest census these values will be revised thorough.

Computation showed that the population size of Dnipro, Lviv and Kharkiv
as of January 1 2040 is most likely to be below the level reached in early 2019.
Namely, with a probability of 95 % population of Dnipro will be from 738,000
to 983,000; the population of Lviv — from 550,000 to 715,000; and Kharkiv —
from 1.098.000 to 1.432.000 people (Fig. 5). Some chances for population growth
remain in Odesa, where the number of inhabitants at the beginning of 2040
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may be from 825.000 to 1.060.000 people. Kyiv is likely to have a larger popula-
tion size of up to 3.421.000 although it may return to 2,717,000 people (Fig. 5).

The age distribution of the population in all cities in 2040 looks quite similar,
as it is formed by demographic processes of approximately the same intensity
and direction. In particular, the number of people over 40 years of age has less
uncertainty, as mortality in the absence of catastrophic events varies slowly, and
the intensity of migration at this age is not so high (Fig. 6). At the age of 20 to
40 years, the uncertainty is much higher. This is a consequence of the uncertainty
of youth migration during the forecast horizon of 2019-2039, because in 2040
those who were students in 2020 will reach the age of 40 and can stay in the big
city or leave. Uncertainty of forecasts of the number of persons under 20 years
of age (Fig. 6) is formed from two sources: uncertainty of fertility forecasts
and uncertainty of the number of reproductive cohort, i.e. those 20-40-year-olds,
who have just been mentioned.

Conclusions. The demography and forecast packages correspond to the de-
tails of the statistics available in Ukraine, and provide a fairly detailed output
that can be used in practice for urban development planning. Another advanta-
ge is objectivity in the sense that the computation is based entirely on statistics
and does not require any additional arbitrary hypotheses. At the same time, the
set of models in the packages is quite wide and provides means for obtaining a
satisfactory result even under conditions of a relatively short base period and,
possibly, incorrect input data.

Due to possibly incorrect current data, it is appropriate to review these fo-
recasts after receiving the results of the closest census. Namely, it will be interes-
ting to check whether the current population estimate in Dnipro and Odesa is
really close to the actual situation. Of course, the forecast for Kyiv will need ur-
gent revision, as its population size probably has a significant divergence from
the current estimate. Also, in future studies it is expedient to re-compute the fo-
recasts for the data already revised after the census and to find out whether close
results will be obtained.

Obtaining after the census refined data will allow developing better demog-
raphic forecasts for the regions of Ukraine. In particular, longer time series are
available for them. Therefore, the development of probabilistic forecasts for them,
firstly, will give more reliable results, and secondly, preliminary testing of the
models on historic data will be possible in order to choose the best model and
its parameters.

Promoting probabilistic demographic forecasts by disseminating them along-
side with the traditional ones will gradually teach consumers that such forecasts
are necessary. It is known that demand does not always shape supply. For exam-
ple, in the 19th century there was no demand for phones. Only later, when con-
sumers had appreciated all the benefits, new products became items of mass
consumption. Dissemination of probabilistic forecasts will help ensure that the
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public (media) does not take an exclusively “pessimistic” variant, and decision
makers — exclusively “optimistic” one, as is usually the case, but are informed
about the degree and bounds of uncertainty. After all, everyone has long been ac-
customed to the fact that the weather forecast is not formulated deterministically,
but within certain limits. A study in Australia [7] showed that the transition of
users to the probabilistic forecasts is easy: who needs one variant, can take the
mean, and others for their own purposes may consider the probability distri-
bution.
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MIMOBIPHICHI JIEMOT'PA®TYHI [TPOTHO3M
JIJII METPOTIOJTICIB YKPATHU

HeBusnaueHicTp € HeBi' €MHOIO XapaKTepUCTUKOW AeMorpadiunux nporecis. Ille 6imb-
IIOI0 MipOIO Lie CTOCYEThCA MaliOyTHboro. TouHi eTepMiHICTUYHI IPOrHO3U NPUHLIUIIOBO
HeMOx/uBi. Ile BM3HavYae HeOOXITHICTh KiIBKICHOI OL[IHKM Ma1716yTHbo'1' HeBU3HAYEHOCTI.
MeTa gocmigKeHHs — po3poOKa IMOBIpHICHNX AeMOrpadiYHNX IPOTHO3iB /s MeTaIoi-
ciB YkpaiHu 1t aHamis pesynbrari. Brepie po3po6ieni riMmoBipHicHi femorpadiuni mpo-
THO3M [/ JleAKUX MicT YKpainu. JlocmifikeHHA MpoBOANIOCH 3a JOTIOMOTOI0 MeTO0/OTi1
byHKIiOHA/IBHUX aHUX, sIKa BKIIOYa€e MIMPOKMIT Habip memMorpadidHuX MeTOfiB i Moze-
JIeli, peali3oBaHNUX Y Ki/IbKOX IaKeTax MOBU IporpamyBanHs R. O6pana MeTomonoris 6a-
3y€ThCs IOBHICTIO Ha CTATMCTUYHUX JJaHMX i He MOTpeOye BBeeHHA HOJaTKOBUX JOBi/Ib-
HUX rimores. Y Tpbox BuIajKax (a came mofo HapomkysaHocTi y Knesi, /IbBoBi Ta Xapkosi)
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MeToJ 3a 3aMoBuyBaHHAM (ARIMA) mokasaBs HelpaBoOIOAiOHI pesyabraTy, siki Mor/u 6y-
TU CIIPUYMHEHI HEHAJIHUMM IIOTOYHMMM JaHUMM. Y LMX BUIIAJKaX BUKOPUCTOBYBAINCH
Mofienb BUIMafKoBoro 6nykanuA. [na Omecn o6upBi Mopeni maroTh mofiibHi pesynbrarTu.
L1inkoM MOX/IUBO, 11O B IIbOMY MiCTi HeIOOLIHKa BIOYIOT0 HAace/IeHH KOMIICHCYEThCA 3a-
HIDKEHHAM 4MC/Ia NpUOyINX, o IPU3BOAUTD O PealiCTUYHOCTI IIOTOYHUX ITOKa3HUKIB
HAapOXYBAHOCTI (a caMe iX 3HAMEHHMKIB) i, OT>Ke, Y3TOJPKEHOCT] pe3y/IbTaTiB IPOrHO3y He-
3a/IeKHO Bij MeTony. [IpOorHosy cMepTHOCTI BifilIOBiJAIOTh AMHAMILi CITOCTEPEXYBaHNUX I10-
Ka3HMKIiB CMEPTHOCTI Ta AKOCTi MOTOYHMX JAaHMX. BuKopucrana Mojenb eKCTparonoBaia
TeHZIeHLIil ZO 30i/bIIeHHs TPUBAIOCTI KUTTA i Juinpa Ta Ofecn i crarHanito s iHmmx
MICT, 1110 MO>Ke OYTU CIIpUYMHEHe HeBiIIOBIIHICTIO 3HaMeHHMKA [/ IIOBiKOBUX KoedilieH-
TiB CMEPTHOCTi B OCTaHHiX. Po3paxyHOK IOKasaB, IIO YMCENbHICTh HaceneHHA [IHimpa,
JIpBoBa Ta Xapkosa y 2040 porji, mBnaIe 3a Bce, 6yae HIDKIO 3a PiBeHb, JOCITHYTUIL Ha
no4atky 2019 poky. JlesKi IIaHCK Ha 3pOCTaHHSA YMCEITbHOCTI HaCe/IeHHs 3a/IMIIAIThC B
Opeci, a Kuis, mBuamre 3a Bce, MaTuMe OiIbIIY MORHICTD. BIKOBUIT pO3MIOAiN Hace/leHHs B
ycix MicTax y MaitbyTHbOMY BurIAfae nogiouo. Kinbkicts mopeit ctapute 40 pokiB Mae Hali-
MEHIIly HeBM3HaueHicTb. Y Bini Bif 20 o 40 poKiB HeBM3HAYeHICTh 3HAYHO 6ifblia, 1O €
HaC/IIKOM HEBU3HAYEHOCTI Mirpamii MOIOAi IPOTATOM I'OPU3OHTY IIPOrHo3y Ha 2019—2039
POKY, OCKIIBKY BCi Il MICTa € IOTY)XHIUMM OCBITHIMM LIEHTPAMI Ta IIPUBAGIIOTD CTY/EH-
TiB. ¥ 2040 p. i, XTO 6YB cTYAeHTOM Yy 2020 pOLi, ZOCATHYTb 40 POKiB i MOXXYTb 3a/TMIINTUCA
y BemKoMy MicTi un Buixatu. HeBusHadeHicTh KinbKOCTi 0cib 10 20 pOKiB BUI/IMBAE 3 FBOX
IPKepes: HEBM3HAYEHOCTI IIPOTHO3iB HAPOPKYBAHOCTI Ta HEBU3HAYEHOCTI YMCEIbHOCTI pe-
IPOAYKTUBHUX KOTOPT, ToOTO 1mx 20—40-piunux. Ilicnsa oTpumaHHA pe3y/nbTaTiB Hail-
O/IVDKYOTO TIePeICY € HeOOXiJHIM ITeperLaf] LUX IIPOTrHO3iB.

Knwuoei cnosa: iiMoBipHicHUI porHos, GyHKI[iOHANbHI JaHi, HeBU3HAYEHICTD, BeNNKe
MicTo.
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