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Modeling the average life expectancy of the population based on the Lee and Carter method (on
the example of the population of the Fergana region, Uzbekistan)
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Received 27.02.2026; Abstract. The economic and social development of countries around the world, improve-
Received in revised form 28.05.2026; ments in social infrastructure, and rising living standards play a significant role in increasing
Accepted 08.06.2026 life expectancy. Improvements in healthcare, improved food security, and other factors are

also crucial. On the other hand, increased life expectancy leads to an increase in the pro-
portion of elderly people in the population, which consequently increases the burden on pension and healthcare systems, as well as
exacerbates problems such as labor shortages. Therefore, many countries conduct population and life expectancy projections, assess
future demographics, and plan priority areas for future development Various mathematical and statistical models are used to fore-
cast population size and life expectancy. Extrapolation, cohort-component models, and logistic growth models help predict future
population changes (Abdurakhmanov, 2011). The Cairns-Blake-Dowd (CBD) model (Cairns, Blake, Dowd, 2006, Safitri, Mardiyati,
Malik, 2019), the Gompertz-Makeham model (Cohen, Bohk-Ewald, Rau, 2018), the Heligman-Pollard model (Emilidha, Danar-
dono, 2017), and the Lee-Carter models (Lee, Carter, 1992, Booth, Maindonald, Smith, 2002, Booth, Hyndman, Tickle, Jong, 2006,
Renshaw, Haberman, 2006) are also used to study the forecasting of population life expectancy. The Lee-Carter model is also widely
used to forecast life expectancy. This model has been tested in many countries and is an important tool for long-term forecasts with
stable results. The model describes complex demographic processes using a small number of parameters. The Lee-Carter model is
one of the most widely used statistical demographic models for projecting life expectancy. Since its inception, the Lee-Carter model
has been tested in many countries and regions, and various modifications have been developed. In a comprehensive review, Basellini
, Camarda , and Booth (2023) analysed the 30-year history of the model’s development and assessed it as one of the most important
methodological approaches in forecasting. In recent years, numerous studies have been conducted to expand the model’s ability to
predict age-specific mortality rates, ensure the consistency of forecasts, and account for mortality dynamics (Liu and Shi, 2023).
New modifications to the Lee-Carter model to account for extreme mortality shocks caused by the COVID-19 pandemic have also
been proposed and tested in nine European countries (Schniirch et al., 2023). Recent studies have also assessed the model’s stability
when incorporating new data, the accuracy of its forecasts, and its performance compared to other mortality models (Mok et al.,
2024). Furthermore, the Lee-Carter model has been successfully used to project age-specific mortality rates and life expectancy
in Kazakhstan, Japan, the United Kingdom, the United States, and other countries, demonstrating its high adaptability to various
demographic conditions. Therefore, this model is considered one of the most reliable and practical approaches to developing long-
term population projections. The model is also flexible across different countries and regions, providing high accuracy in long-term
forecasts. This article developed a life expectancy forecast using the Lee and Carter method based on mortality rates by age group
in the Fergana region of Uzbekistan (Andijan, Namangan, and Fergana regions) for 1991-2015. The forecast results for 2015-2024
were compared with official statistics, and important conclusions were drawn.

Keywords: Lee & Carter, life expectancy, mortality rates, population age group, prognosis, life table, Fergana region.

Mopne/r0BaHHs cepeHbOI TPHBAJIOCTI )KUTTS HAceJIeHHs Ha ocHOBi Metony JIi Ta Kaprepa (na
npukJaai HaceseHHs1 Peprancbkoi 001acTi)

3okipmxon A.TemipoB, Mominmkon MamamkoHnoB, Xikmariuio K. AGxymarikos

Anoudicancwruti depoicasruil yHisepcumem imeni 3axipiodina Myxammada Babypa, Anousican, Y36exucman, zokir-
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Anortanis. ExoHoMiuHNiT Ta colialbHUH PO3BUTOK KpalH CBITY, MOKpPAIIEHHS COLiadbHOI iIHPPaCTPYKTypH Ta MiJABUINEHHS PiBHS
JKUTTS BIIIrparoTh 3HAYHY POJIb y 301JbIICHHI TPUBAJIOCTI XUTTA. [loKpalieHHs OXOPOHU 3/10pOB’sl, MiIBHIIEHHS MPOIOBOIBIOT
Oe3neky Ta iHOI (GaKTOpU TaKOK MalOTh BHpIllajibHE 3HA4YEHHs. 3 {HIIOro OOKY, 301bIICHHST TPUBAJIOCTI XKHUTTS MPU3BOJUTH JIO
301NbIIEHHs YaCTKH JIIOJel MOXHUIIOT0 BiKy B HACEJIEHHI, 1110, SIK HACTiJOK, 301IbIIye HABaHTa)KEHHS Ha MEHCIHHY CHCTEMY Ta CUCTe-
MY OXOPOHH 30pOB’sl, @ TAKOX 3arOCTPIOE TaKy mpobiiemy, sik Hectada pododoi cuin. Tomy 6arato KpaiH IpOBOJSTE IIPOTHO3H YH-
CeNBHOCTI HACeJIEHHS Ta TPUBAJIOCTI )KUTTS, OL[IHIOIOTh MailOyTHIO JeMorpadiuHy CUTYalilo Ta IUIaHYIOTh MPIOPUTETHI HAPSIMKH
MaifOyTHEOTO PO3BUTKY. /151 MPOTHO3yBaHHS YHCEIBLHOCTI HACEJICHHS Ta TPUBAIOCTI )KUTTSI BAKOPHCTOBYIOTHCS Pi3HI MaTeMaTHYHi
Ta CTaTUCTUYHI Mojieli. EKcTpamonsilis, KoropTHO-KOMIOHEHTHI MOJIeINi Ta JIOTiCTHYHI MOZIENi 3pOCTaHHs JOIOMaralTh IIPOrHO-
3yBaTH MaiOyTHI 3MIHM YHUCENBHOCTI HacedeHHs. sl TOCIiKEHHS MPOTHO3YBAaHHS TPUBAJIOCTI JKUTTS HACEJICHHS TaKOX BHKO-
pucroBytoThes Moaeni Kepuca-bretika-/layna (CBD). Monens Jli-Kaprepa Takox IIMPOKO BUKOPUCTOBYETHCS ISl IPOTHO3YBaHHS
TpHUBAIOCTI )KUTTs. LIst Mozens Oyna BunpoOyBaHa B 0araTbox KpaiHax i € BAXIJIMBHM IHCTPYMEHTOM JJIsI JOBTOCTPOKOBHX IPOTHO3IB
31 cTaOUIBHUMU pe3yibTataMu. Moenb OnKcye CKIaaHi AeMorpadidti mporecu 3 BUKOPUCTAHHSIM HEBEIHMKOi KUTBKOCTI mapame-
TpiB. MoJenb TaKoX € THYYKOIO JUIsl pi3HUX KpalH Ta PerioHiB, 1o 3abe31euye BUCOKY TOYHICTh JOBFTOCTPOKOBHUX HNPOTHO3IB. Y mil
CTaTTi po3po0IIeHO MPOTHO3 TPUBATIOCTI XKUTTS 3a MeTooM Jli Ta KapTrepa Ha 0CHOBI MOKa3HUKIB CMEPTHOCTI 32 BIKOBUMH TPyIIaMU
y ®eprancekiii obnacti Y3oekuctany (Angmkancbka, Hamanranceka Ta @epranceka obmacti) 3a 1991-2015 poku. Pesynsratu
nporHo3y Ha 2015-2024 poku nopiBHIOBaJIHCS 3 OQILIIHOIO CTATHCTHKOIO.

Kniouosi crosa: JIi ma Kapmep, mpusanicms dcumms, nOKa3HuKu cCMepmHOCI, 8iKO8a 2pyna HACENeHHs, NPOSHO3, MAOIUYS HCUTMAL,

Depeancvka obnacmo

Introduction

Today, the average life expectancy of the popu-
lation varies in different countries and regions of the
world. Life expectancy is influenced by the lifestyle
of the population, living conditions, sanitary and hy-
gienic conditions, the level of medical services, the
geo-ecological situation of the regions and other fac-
tors, and is mainly higher in economically developed
countries and lower in developing countries.

Since independence, Uzbekistan has seen an in-
crease in life expectancy (www.stat.uz). A key factor
in this is the development of a legal framework for
comprehensive measures in healthcare, social policy,
and improving living standards, as well as the imple-
mentation of reforms (Decree of the President of the
Republic of Uzbekistan dated December 7, 2018, No.
PF-5590 “On comprehensive measures to radical-
ly improve the healthcare system of the Republic of
Uzbekistan). Uzbekistan has set priority objectives
to increase the average life expectancy to 78 years
by 2030 (Decree of the President of the Republic of
Uzbekistan dated February 16, 2026, No. PF-21 “On
additional measures to consistently continue reforms
within the framework of priority areas of country de-
velopment until 2030”). In this regard, it is important
to study the average life expectancy of the population
and its forecast, as well as to plan future tasks.

Interest in studying the average life expectancy
of a population arose in the early 17th century, when
John Graunt first developed a life table in London
(Connor, 2024). Later, scholars such as Abraham de
Moivre, Benjamin Gompertz, and William Makeham
refined this table (Makeham, 1860). Research into life
expectancy prediction began in the late 20th century.
The first to undertake such research were Ronald Lee
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and Lawrence Carter (Lee, Carter, 1992). Today, Lee
and Carter’s method is used in many economically
developed countries.

This method has been used in Kazakhstan by
A.Knykova (Akzharkyn, Azat, 2017), L A.Lak-
man, R.A.Askarov, V.B.Prudnikov, Z.F.Askarova,
V.M.Timiryanova (Lakman, Askarov, Prudnikov,
Askarova, Timiryanova, 2021), and in Russia and
Bashkortostan, scientific research has been conducted
on the Lee & Carter method. In Uzbekistan, a number
of scientists have been engaged in population fore-
casting and life tables. In particular, scientists such
as Z.N.Tojieva (Tojieva, 2010), Q.Abdurakhmanov
(Abdurakhmanov, 2011), N.J.Muhammedova (Mu-
hammedova, 2019), R.B.Kodirov (Kodirov, Temirov,
2021) and Z.A.Temirov (Temirov, 2022) have con-
ducted scientific research. Direct Lee & Carter meth-
od forecasts have not been implemented to date. In
this article, for the first time in Uzbekistan, a life ex-
pectancy forecast using the Lee & Carter method is
implemented.

The purpose of this research is to develop a life
expectancy at birth forecast using the Lee & Carter
method for the Fergana Valley regions. To achieve
this goal, the tasks were set to develop a life expec-
tancy forecast for the Fergana region by age group
based on mortality rates for 1991-2015 using the Lee
& Carter method until 2030, and to develop a life ex-
pectancy forecast for 2016 to 2030 based on data for
1991-2015, and to compare the Lee & Carter method
forecast for 2015-2024 with official statistical data.

Material and methods

The Lee—Carter model parameters and related cal-
culations were estimated using Microsoft Excel 2013
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(Version 15.0.4569.1504; Microsoft Corporation,

Redmond, WA, USA).

The Lee-Carter method was developed by Ron-
ald Lee and Lawrence Carter in 1992 and is primar-
ily aimed at predicting future mortality rates by age
group. The main goal of the method is to identify
changes in mortality rates over time and project them
into the future.

The basic formula of the method is expressed as
follows:

In(m,)=a +b *kte_, @)
here, m  — mortality rate in age group x and period
t; a_— age-specific logarithmic mean mortality rate,
b_—age sensitivity coefficient, k — time-varying coef-
ﬁ01ent € ,_error component.

The methodology is implemented in the following
stages:

1. For each age group, the population size and the
number of deaths are determined. The mortality
rate m_ is calculated using the following formula:

= dx ./ b, where d_ is the number of deaths in
age group X, and p,,Is the population size in this
age group.

2. Logarithmic indices are calculated. In this case,
the natural logarithms of the obtained m_, val-
ues are taken, that is, In(m_). This step helps
to determine the main mortahty trend by age
group.

3. In determining the average age coefficients, (a )
is the average of the In(m, ) values for each age
group. This is the ax coefficient, which represents
the age-specific mortality rate.

4. Next, the trend is determined (b, and k). In this
case, the differences in mortality rates by age and
time are given by Z = In(m,_) — a . This differ-
ence is used to calculate the coefficients b _and
k, bx represents the age sensitivity, and k, rep-
resents the overall mortality trend over time. The
coefficient k _is usually normalized, that is, its
sum is set to 0.

5. Using the determined coefficients a, b, and k,
mortality rates are projected for future years. This
allows the population’s average life expectancy,
life table, and mortality probabilities by age group
to be calculated in the future.

6. At the end of the study, the forecast results are com-
pared with official statistical data and the accuracy
of the method is assessed. This stage ensures the
reliability of the methodology.

The Lee-Carter methodology provides highly ac-
curate forecasts and analyzes trends in mortality rates
across age groups.

Journ. Geol. Geograph. Geoecology, 35(3), 741-751

Results and discussion

According to the formula, it is necessary to deter-
mine the mortality rate data for a given age group in
a given year, m_,

In this formula, a_is the average age-specific log-
arithm, and the mortality rate is determined using the
following formula:

a2y In(my,), @
here m_, is the mortality rate for age x and period t
(for example the rates for each age group in 1990,
1991, 1992, etc., 2015), which is determined by first
using statistical data on the population size and the
number of deaths by age group. m_, is obtained by
dividing the number of deaths in a given age group
and year by the number of population in the same age
group and is determined using the following formula:

m =d t/px,t’ (3)

Xt X,
here: d_,—number of deaths by age group;

p,,— population by age group.

In this research, the population and death toll
data for the Fergana region (Andijan, Namangan, and
Fergana regions) for 1991-2015 were used, and one
example was given as a sample, and the remaining in-
dicators were presented in tabular form. For example:

m_=d /D, =d,, 100/, 10s=0865:378761=0.01812
~0.018125

The number of deaths in the Fergana region aged
0-1 in 1991 divided by the population, that is, the
mortality rate was 0.018125 (Table 1).

The table was developed by the author based on
data from the Statistical Agency of the Republic of
Uzbekistan.

Based on the formula, the next step is to deter-
mine the age-dependent average logarithm — a, the
mortality rate. It is determined using the following
formula:

a, = X1y In(my,), @)
here: T — number of years observed;

m_, mortality rate by age group;

In (m_) — natural logarithm.

Table 1 above presents the data on mortality rates
(m_) by age group for the years 1991-2015. Accord-
ing to it, In (m_ ) is first determined.

In(m_) =In (M} 100)=IN0,018125=-4.010463078.
In this way, the /n of the data presented in the table
was determined and is given in table below (Table 2).

The table was developed by the author based on data
from the Statistical Agency of the Republic of Uzbekistan.

Note: To keep the table size small, only data for

the 0-1 age group is presented.
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In Table 2 above, ln(mx’ ) was determined. This
table only includes data for the 0-1 age group. It is
necessary to determine a_according to the formula. In
this case, it is also calculated separately for each age

group and is calculated as follows:
1 1
a=r Yt In(my )= a,,=7 Yioq In(mo_y),

here: T — indicates the number of years, and in our
example, it is 1991 — 2015, i.e. T=25.

a =12?=1 In(my_,)=

0-1 T
(=4.01047)+(—3.9358)+(—4.14433)+(—4.25508) +---+(—5.11433)
a = —
0-1 25
—118.01255
— -4.720502

In the above example, the average value of /n
(m_ ) for the 0-1 age group in 1991, 1992... and 2015

Journ. Geol. Geograph. Geoecology, 35(3), 741-751

was determined. In this way, the average value of
In (m_) for the other 0-4, 5-9 and other age groups
is also determined and is given in the table below
(Table 3).

The table was developed by the author based on
data from the Statistical Agency of the Republic of
Uzbekistan.

In Table 3, the a_of the population of the Ferga-
na region in all age groups for 1991-2015 was de-
termined. This indicator helps to determine b_in the
formula. (

B_means an increase or decrease in the mortality
rate in age group x during the period. Here b and k, are
related in the form of a product and are determined to-
gether. They cannot be determined separately. B _and

Table 1. Mortality rates by age groups in the Fergana region, 1991-2015

k, are determined using the following formulas:

Age group 1991 1995 2000 2005 2010 2015
0-1 0.018125 0.013418 0.009010 0.008002 0.006105 0.006010
1-4 0.003871 0.005566 0.003012 0.001870 0.001239 0.001346
5-9 0.000601 0.000588 0.000445 0.000391 0.000402 0.000306

10-14 0.000551 0.000561 0.000462 0.000375 0.000378 0.000391
15-19 0.000844 0.000850 0.000761 0.000555 0.000484 0.000606
20-24 0.001152 0.001173 0.001133 0.000877 0.000665 0.000720
25-29 0.001266 0.001528 0.001386 0.001355 0.000989 0.000906
30-34 0.001710 0.001874 0.001768 0.001608 0.001407 0.001265
35-39 0.002267 0.002450 0.002004 0.002159 0.001712 0.001786
40-44 0.003469 0.003743 0.003221 0.002841 0.002507 0.002292
45-49 0.006012 0.005275 0.004819 0.004405 0.003542 0.003500
50-54 0.009384 0.010045 0.007997 0.007654 0.005976 0.006042
55-59 0.013553 0.014545 0.014514 0.011907 0.011080 0.009969
60-64 0.020769 0.024259 0.021370 0.022953 0.018723 0.017533
65-69 0.025308 0.033986 0.036972 0.035076 0.034884 0.027139
70-74 0.041057 0.044529 0.051098 0.057595 0.053255 0.049998
75-79 0.064568 0.071573 0.072017 0.079917 0.085619 0.075580
80-84 0.092944 0.110383 0.114424 0.096789 0.120102 0.132783
85+ 0.166127 0.232935 0.210438 0.150602 0.112675 0.127934
Table 2. Logarithmic indicators of the population of the Fergana region by age group 0-1 in 1991-2015
1991 1992 1993 1994 1995
-4.01047 -3.9358 -4.14433 -4.25508 -4.31116
1996 1997 1998 1999 2000
-4.50460 -4.584 -4.53723 -4.59097 -4.70942
2001 2002 2003 2004 2005
-4.71276 -4.7831 -4,78059 -4.76147 -4.82806
2006 2007 2008 2009 2010
-4.84115 -4.84406 -5.01555 -5.06261 -5.09865
2011 2012 2013 2014 2015
-5.16047 -5.10819 -5.16047 -5.15803 -5.11433
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_0.71004%(~12)+0.7847*(~11)+++(-0.0601)%0)+(-0.4097) *1+++(-0.03938)*12__

(-122)+(-119)+

...... +(-12)+02+124+-...

_ Nt Zxerke 2t Zxt*be b, _
b= S K2 and k = SR (5) T
In the above formula, z , is the deviation from
the trend of increasing or decreasmg mortality rates, _‘61232223_ -0.04797099

which is the difference between the mortality rate
(In(m_)) for each age and year from the mean, and is
determined by the following formula:

Zx,t: ln(mx,t)_ax’ (6)
To determine b_and k given in the formula, it is

first necessary to determine Z . It is calculated ac-
cording to the given formula:

+112+122

The b_to be determined was developed for the
age group 0-1. The remaining age groups were cal-
culated in the same way and the results are presented

in Table 5

Table 3. Population age group indicators of the Fergana region

for 1991-2015

Z =In(m )a=2,, ,,=Inm,,,,)-a=-4.01046 Age group Yin, . a,

- (-4. 5289424) =0.5184824 0-1 -118.01255 -4.720502
In this way, Z , was developed for all years and 1-4 -150.21547 -6.0086188
age groups (Table 4). 5-9 -192.4332 -7.697328

The Z , we need has been determined. Now we 10-14 -194.09625 -7.76385
need to determme b.. As is known, b _and k were de- 15-19 -183.01344 73205376
20-24 -174.43565 -6.977426

termined together. Here k, was normahzed using the AT 16747769 6.6991076
Lee Carter method, that is, the sum of &k was taken 3034 16105222 64420888
equal to 0. The study studied the data for 1991-2015, 3539 155.08179 62032716
that is, 25 years. In this case, ko, = -12, k .= -11, 40-44 146.22906 5.8491624
K o0;= -10,.... K, . ,=0vak = 12. 45-49 -135.17558 -5.4070232
The table was developed by the author based on 50-54 -122.5009 -4.900036
data from the Statistical Agency of the Republic of 55-59 -109.57178 -4.3828712
Uzbekistan. 60-64 -96.55036 -3.8620144
According to the formula, 4_is determined. This 65-69 -85.48965 -3.419586

is based on the data in Table 3. 70-74 7484418 ~2.9937672
1 24 ik 75-79 -64.87416 -2.5949664

b"WZ 80-84 -54.94537 -2.1978148

85+ -45.4554 -1.818216

Table 4. Population indicators of the Fergana region by age groups z_for the period 1991-2015

Age group 1991 1995 2000 2005 2010 2015
0-1 0.71004 0.409342 0.011082 -0.10756 -0.37815 -0.39383
1-4 0.45438 0.817539 0.203469 -0.27320 -0.68483 -0.60200
5-9 0.28041 0.258548 -0.02011 -0.14947 -0.12173 -0.39460
10-14 0.26007 0.27806 0.083900 -0.12473 -0.11677 -0.08295
15-19 0.24318 0.250268 0.139658 -0.17600 -0.31289 -0.08809
20-24 0.21117 0.229236 0.194536 -0.06157 -0.33829 -0.25883
25-29 0.02722 0.215308 0.117778 0.095158 -0.21971 -0.30736
30-34 0.07083 0.162409 0.104179 0.009329 -0.12421 -0.23059
35-39 0.11397 0.191602 -0.00934 0.065162 -0.16682 -0.12451
40-44 0.18527 0.261292 0.111102 -0.01444 -0.13951 -0.22917
45-49 0.29302 0.162243 0.071833 -0.01800 -0.23604 -0.24797
50-54 0.23129 0.299356 0.071346 0.027506 -0.21996 -0.20898
55-59 0.08172 0.152361 0.150231 -0.04776 -0.11974 -0.22541
60-64 -0.01228 0.143044 0.016244 0.087704 -0.11599 -0.18166
65-69 -0.25704 0.037776 0.121996 0.069346 0.063856 -0.18719
70-74 -0.19902 -0.11784 0.019757 0.139447 0.061107 -0.00200
75-79 -0.14507 -0.04207 -0.03588 0.068196 0.137116 0.012406
80-84 -0.17795 -0.00599 0.029975 -0.13741 0.078405 0.178775
85+ 0.02322 0.361216 0.259656 -0.07489 -0.36503 -0.23802
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The table was developed by the author based on
data from the Statistical Agency of the Republic of
Uzbekistan.

According to the Lee & Carter formula, the sum
of the b_indicators should be equal to 1. According to
the calculations, the sum of b_is -0.4027. To make the
result equal to 1, b was normalized (Table 5).

The b_given in the formula was determined and
k, was derived based on b_and k, were derived in a
dependent manner. In Table 4 above, Z and b were
given in Table 5. Then, according to the formula:

k _ Xt Zxt*be
1991 ¥, b?
0.71004%0.11912) +(0.45438+0.176624) +--.+(0.02322+0.083156)
= 0.119122+0.1766242+---.+0.0831562 =

0.30361555
=—————=321225
0.09451803

According to the analysis, k,,,, = 3.21225, thus k_
for all years is also determined (Table 6).

The table was developed by the author based on
data from the Statistical Agency of the Republic of
Uzbekistan.

The final step of the Lee & Carter model is given
by ¢ . This residual, or how well the model explains
the observed logarithmic mortality rate, is given by
the following formula:

Journ. Geol. Geograph. Geoecology, 35(3), 741-751

—4.01047-(-4.720502+0.11912%3.21225)=-4.01047-
(-4.720502+0.38264322)=-4.01047-
-(-4.33786)=0.32739.

€ » that is, the error, that is, how much it differs
from the real situation, was determined. This indi-
cator was calculated for each year and age group,
and the average indicators can be seen in table be-
low (Table 7).

The table was developed by the author based on
data from the Statistical Agency of the Republic of
Uzbekistan.

According to the data in the table, this model has
high accuracy. The average error across age groups
and years is 0.03533. This is a very small error. How-
ever, in some years, the errors in some age groups
are slightly larger. This indicates that there are some
shortcomings in the statistical data.

The main part of the Lee Carter model is the fore-
cast of the age-specific mortality rate, m_, in the com-
ing years. The following formula is used:

k=a+p-t, ®)
here:
kvt — ks projected year;

Table 6. Population and demographic indicators k_of the Fergana
region in 1991-2015

e M (a+b * k) (7 v
ar

g, =In marc,etal'(ax+ b*k)=2,, 100~ 1e991S 3'2)(11\]28;5
1992 4.14320
Table 5. Population indicators of the Fergana region by age 1993 4.53562
groups b_for the period 1991-2015 1994 4.70372
. 1995 4.02623
Age group b, Normalized b_ 1996 317007
0-1 -0.04797099 0.11912 1997 240657
1-4 -0.07112875 0.176624 1998 2.68623
59 -0.03111268 0.077258 1999 1.95086
10-14 -0.02700616 0.067061 2000 1.27403
15-19 -0.02836599 0.070437 2001 0.73485
20-24 -0.02967023 0.073676 ;ggg %12?57292“2
25-29 -0.02280496 0.056628 2003 57583
30-34 -0.01630662 0.040492 5005 103187
35-39 -0.01548001 0.038439 2006 137942
40-44 -0.02360726 0.058621 2007 121679
45-49 -0.02479793 0.061577 2008 -2.49909
50-54 -0.02482939 0.061655 2009 -3.13573
55-59 -0.01814438 0.045055 2010 -3.54270
60-64 -0.01103774 0.027408 ;8}; 'igzii
65-69 -0.00122724 0.003047 003 EYITIE
70-74 0.008400829 -0.02086 014 93964
75-79 0.008699358 -0.0216 2015 345719

80-84 0.007165516 -0.01779 Total 0

85+ -0.03348779 0.083156 Average 0
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o — the starting point of the regression line in the
Lee—Carter model;

[ — this is the trend coefficient, which shows how
much the value of k, changes each year;

t — this time or year.

According to the formula, f is initially determined
as follows:

L(ti—t)*(ke—k)
,8 - S(t-t)2 (9)
here:

t—year (1991, 1992, 1993,.....2015);

k,—the kvalue for that year;

t — annual average;

k— ks average.

According to the formula, the following table was
initially developed (Table 8)

The table was developed by the author based on
data from the Statistical Agency of the Republic of
Uzbekistan.

_ Y(ti—t)*(k¢—k) —523.52707

B S t—t)? 300 —-0.40271.
In the next step, o was determined.
o=k B*t
Here:

k- ks average;
B — regression trend (shows how £, changes each

year);
t —annual average.

Journ. Geol. Geograph. Geoecology, 35(3), 741-751

Based on the data from 1991-2015, k, was deter-
mined and the results are given in Table 6. Based on

the data in Table 6, the average k, was determined:
v 3.2122+4—.14320+4—.53562.....+(—4-.23964-)+(—3.45719)7 0

k 25 25 =0.0
t — when determining t, yearl is taken as follows:
1991 -1,1992-2,1993-3,1994—4,....... 2015 -25.

14+2+43+:--..424+425 325
£ = 32513
25 25

o = k- p* £=0-(-0.4027)*13=5.2351.

The mortality rate is determined for future years,
and based on this, the mortality rate m_, for the fore-
cast year, or the age-specific mortality rate, is calcu-
lated. We use the following formula:

152016:a+[3-t =k, = -5.2351+(-0.4027) * 26 =
5.2351 +(-10,4702) = -5.2351.

k — the results of the remaining years of the fore-
cast are given in table below (Table 9).

The table was developed by the author based on
data from the Statistical Agency of the Republic of
Uzbekistan.

The k, for the forecast years has been determined.
The m_, is determined by age group for the forecast
period. The formula for the forecast year m_, is as fol-
lows:

m_=exp(a tb k)
According to the formula, we find m

(10)

0-1,2016> then:

Table 7. Average indicators of e_by age group of the population of the Fergana region in 1991-2015

Age group Average by age group Years Ex —average Years Ex —average
0-1 0.000000047 1991 -0.007600 2004 0.030629
1-4 0.022694488 1992 0.0766270 2005 0.075848
5-9 0.022730725 1993 0.1368210 2006 0.032356
10-14 0.031897109 1994 0.183069 2007 0.013291
15-19 0.046755517 1995 0.150312 2008 -0.02105
20-24 0.060771000 1996 0.1403940 2009 -0.06689
25-29 0.053889696 1997 0.0961500 2010 -0.06283
30-34 0.042431842 1998 0.14604900 2011 -0.06845
35-39 0.044410729 1999 0.1064650 2012 -0.09536
40-44 0.072302579 2000 0.1356510 2013 -0.12863
45-49 0.079086518 2001 0.1121260 2014 -0.15969
50-54 0.080998985 2002 0.1246610 2015 -0.17896
55-59 0.059547535 2003 0.112333 Average 0.03533
60-64 0.035947631
65-69 0.003840503
70-74 -0.025431394
75-79 -0.025141743
80-84 -0.019841151

85+ 0.084431147

Average annual 0.03533
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Table 8. Fergana region population age group /3 determination table for 1991-2015

7

Years k_ t-t kt- k (t- £)*( kt- k) (t- )
1991 3.21225 -12 3.21225 -12%3.21225=-38.547 -122=144
1992 4.14320 -11 4.14320 -45.5752 121
1993 4.53562 -10 4.53562 -45.3562 100
1994 470372 9 470372 -42.33348 81
1995 4.02623 -8 4.02623 -32.20984 64
1996 3.17007 -7 3.17007 -22.19049 49
1997 2.40657 -6 2.40657 -14.43942 36
1998 2.68623 -5 2.68623 -13.43115 25
1999 1.95086 -4 1.95086 -7.80344 16
2000 1.27403 3 1.27403 -3.82209 9
2001 0.73485 2 0.73485 -1.4697 4
2002 0.19794 -1 0.19794 -0.19794 1
2003 -0.25222 0 -0.25222 0 0
2004 -1.27883 1 -1.27883 -1.27883 1
2005 -1.03187 2 -1.03187 -2.06374 4
2006 -1.37942 3 -1.37942 -4.13826 9
2007 -1.21679 4 -1.21679 -4.86716 16
2008 -2.49909 5 -2.49909 -12.49545 25
2009 -3.13573 6 -3.13573 -18.81438 36
2010 -3.54270 7 -3.54270 -24.7989 49
2011 -3.41725 8 -3.41725 -27.338 64
2012 -3.67442 9 -3.67442 -33.06978 81
2013 -3.91643 10 -3.91643 -39.1643 100
2014 -4.23964 11 -4.23964 -46.63604 121
2015 -3.45719 12 -3.45719 -41.48628 144
Total 0.00 0 0 -523.52707 1300

Table 9.Fergana region population by age group for 2016-2035
k table

Years k
2016 -5.2351
2017 -5.6378
2018 -6.0405
2019 -6.4432
2020 -6.8459
2021 -7.2486
2022 -7.6513
2023 -8.0540
2024 -8.4567
2025 -8.8594
2026 -9.2621
2027 -9.6648
2028 -10.0675
2029 -10.4702
2030 -10.8729
2031 -11.2756
2032 -11.6783
2033 -12.081
2034 -12.4837
2035 -12.8864
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mx,z:exP(ax+bx'kt) My 2016 exP(ax+bx'k2016)' We
have a_and b_as given in Table 7 above.
m =exp(-4.720502+0.11912* (-5.2351))=

0-1, 2016

—exp(-4.720502+(-0.623605)) =

exp-5.344107=0.004776.

This is how all years and age groups are calculat-
ed (Table 10).

The table was developed by the author based on
data from the Statistical Agency of the Republic of
Uzbekistan.

The table above provides a forecast of the mortal-
ity rate of the population of the Fergana region for all
age groups from 2016 to 2030. Based on this data, life
expectancy at birth was determined using a life table
(Table 11).

The table was developed by the author based on
data from the Statistical Agency of the Republic of
Uzbekistan.

According to the table, the life expectancy at birth
developed by the Lee & Carter method differed only
slightly from the official statistical data. The average
difference from 2016 to 2024 was -0.14. This indi-
cates that the method has a high accuracy.
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Table 11. Fergana region population life expectancy forecast for
2016-2030

Years | stat.uz data | By Lee Carter | The difference
2016 73.53 73.84 -0.31
2017 73.17 73.98 -0.81
2018 74.37 74.13 0.24
2019 74.83 74.27 0.56
2020 73.73 74.41 -0.68
2021 74.00 74.55 -0.55
2022 74.77 74.68 0.09
2023 74.97 74.81 0.16
2024 74.97 74.94 0.03
2025 75.07

2026 75.19

2027 75.32

2028 75.44

2029 75.56

2030 75.67

The results of this study showed that the Lee-Cart-
er model has high forecasting accuracy for the Ferga-
na region of Uzbekistan. The difference between the
model and official statistics for 2016-2024 is -0.14
years, indicating the reliability of the method for
long-term forecasting. Similar results were noted in
studies conducted in Kazakhstan (Akzharkin, Azat,
2017), Russia and Bashkortostan (Lakman, Askarov,
Prudnikov, Askarova, Timiryanova, 2021).

According to an analysis of mortality rates by
age group, mortality in the 0-1 and 1-4 age groups
decreased almost threefold between 1991 and 2015.
This is explained by improved medical care and rising
living standards. Mortality in the over-70 age group is
also expected to decrease until 2030, indicating that
population aging will continue.
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