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ANALYSIS OF TAX REVENUE

LOSSES DUE TO THE SHADOW
ECONOMY: THE CASE OF UZBEKISTAN
AND FOREIGN COUNTRIES

Abdullayev Shavkat Nasriddinovich
Independent Researcher at the Tashkent State University of Economics

Abstract: In countries with a large shadow economy, the tax base narrows and fiscal stability weakens.
The purpose of the study is to estimate the relationship between the shadow sector and tax revenues for
Uzbekistan and comparable countries, and to identify the conditions under which losses intensify. Repeated
cross-sectional analysis, composite-index construction, integral indicators, quantile regression, and feature
engineering were applied; robustness was checked with an instrumental-variables approach and system GMM.
In the descriptive statistics, the shadow economy share was M=29.7, SD=6.8, and the range was 18.4—41.6,
while tax revenues/GDP were M=20.8, SD=2.9, with 15.9—25.4. The share of electronic payments was M=54.0
with SD=9.4, whereas the cash share reached M=44.3 with SD=8.1. The quantile regression results showed
that as the shadow sector expands, the stability of tax revenues declines; in some specifications, p=0.014 and
p=0.006 were recorded, and the main association remained strong at p<0.05 and p<0.01 levels. Observations
with a higher share of electronic payments displayed a more stable tax base, while higher cash shares were
associated with stronger losses. The scientific contribution lies in assessing the effect of the shadow economy
through quantile, composite, and robust econometric tools at the same time, and in separating a high fiscal-risk
profile using digital indicators.

Keywords: budget stability, fiscal losses, integral indicator, composite index, quantile regression,
digitalization, risk scoring, feature engineering.

AHHoTauusa: B cTpaHax ¢ BbICOKOW AONen TEHEBOW 3KOHOMMKW Cy>aeTcs HamnoroBas 6asa n ocnabesaet
duckanbHass cTabunbHOCTb. Llenb nccnenoBaHWsl 3akmiovaeTcsl B OLEHKE B3aMMOCBHA3M MeEXAy TeHEeBbIM
CEKTOPOM W HanoroBbiMU MOCTYMNJIEHNAMU B Y3beknctaHe 1 conocTaBUMbIX CTpaHax, a TakkKe B BblABIIEHUU
yCJ'IOBI/II7I, Npn KOTOPbIX NOTEpU YCUINBAIKOTCA. B ncernegoBaHmM npuMeHAnncb aHanusd rnoBTOPAKLLMXCA
nonepeYyHbIX Cpe3oB, MNOCTPOEHUE KOMMO3UTHOINO WHAEKCa, WHTerpalibHble nMnoKasaTtesin, KBaHTUIlbHaA
perpeccus 1 uHXeHepusi npu3HakoB (feature engineering); ycCTOMYMBOCTb pe3ynbraToOB MpoBepsinacb C
ncnosrnb3oBaHMeM nogxoaa MHCTPYMEHTallbHbIX NMepeMeHHbIX U CUCTEMHOIo GMM. CornacHo onucaTtenbHOWm
CTaTUCTUKE, OO0NSA TEHEBOW 3KOHOMMKM cocTaBuna M=29,7, SD=6,8 npu gmnanasoHe 18,4—41,6, Torga Kak
HanoroBble noctynneHus/BBI1 coctaBunm M=20,8, SD=2,9 npu gnanasoHe 15,9-25,4. [lons 3aneKkTPOHHbIX
nnarexen coctauna M=54,0 npu SD=9,4, Toraa Kak JONs HanMYHbIX AEHEXHbIX cpeacTts gocturna M=44,3
npu SD=8,1. Pe3ynbraTbl KBaHTUMBHOW perpeccun nokasanu, YTo Mo Mepe pacLUMpPeHnss TEHEBOro cekTopa
CTabnNbHOCTb HAMOroBbIX I'IOCTyI'IJ'IeHI/IIZ CHWXaeTCHA, B OTAENbHbIX CI'IeLl,I/ICbI/IKaLl,I/IﬂX Obinn nony4eHbl 3Ha4eHnaA
p=0,014 n p=0,006, Np1 STOM OCHOBHasi B3aMMOCBSI3b COXPaHsAa CTaTUCTUYECKYIO 3HAYMMOCTb Ha YPOBHSIX
p<0,05 n p<0,01. HabntogeHnsi ¢ Gonee BbICOKOW O0OMEN 3MEKTPOHHBLIX MraTexen xapakTepusoBanunch bonee
CTabunbHOM HaNoroBown 6a3on, Toraa kak bornee BbICOKasi A0S HANMYHbBIX EHEXHbIX cpeacTB Obina cBsidaHa
¢ 6onbLnMn noTepAamMu. HaqubM BKINnag uccrnegoBaHUA 3aKIlio4vyaeTCcd B O,D,HOBpeMeHHOVI OLEeHKe BITUAHUA
TEHEBOWN 3KOHOMWKM C MCMOSIb30BAHMEM KBAHTUJTbHbIX, KOMMNO3UTHbLIX WU yCTOI7I\-II/IBbIX OKOHOMETPUYECKUX
WHCTPYMEHTOB, a Takxe B BblAENeHUn npogunsa BbICOKOro (IUCKarbHOrO puUcka Ha OCHOBE LMAPOBbIX
MHOUNKaTOpPOB.

KnioyeBble cnoBa: ctabunbHocTb OrogxeTa, uckanbHble NOTEPW, MWHTEerpanbHbIi MNoKasaTenb,
KOMMO3UTHbIN NHAEKC, KBAHTUIMbHAA perpeccus, LmdpoBn3aLns, PUCK-CKOPUHT, NHXEHEPUS NPU3HaKOB.
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INTRODUCTION

In countries with a high share of the shadow economy, the contraction of the tax revenue base between
2010 and 2025 exerted direct pressure on fiscal stability [1]. International assessments indicate that the size of
the shadow economy is closely associated with tax discipline, cash circulation, and the quality of administrative
control [2]. Therefore, identifying losses in VAT, profit tax, and income tax revenues at the macroeconomic
level, using Uzbekistan and other countries as cases, is of particular relevance [3]. Existing studies have often
examined the impact of the shadow economy on tax revenues within individual countries, while this relationship
has received insufficient attention in a comparative panel-data context [4]. The object of the study is the cross-
country fiscal relationship between tax revenues and the shadow economy, while the subject is the dynamics
of tax revenue losses over the period 2010-2025.

The aim of the study is to assess the impact of the expansion of the shadow economy on tax revenues.
The objectives are to: (1) select the relevant indicators; (2) construct the panel dataset; (3) develop a composite
index; (4) apply quantile regression; (5) perform feature selection; and (6) compare differences in policy
approaches. The main hypothesis is that an increase in the share of the shadow economy leads to a decline in
tax revenues. By combining a composite index with quantile regression, this study provides, for the first time,
evidence of how the impact varies across different points of the distribution [5]. From a theoretical perspective,
the study contributes to clarifying the mechanisms underlying fiscal revenue losses [6]. The findings can be
used by tax authorities to strengthen risk-based control mechanisms [7]. The study employs repeated cross-
sectional analysis, the construction of a composite index and an integral indicator, quantile regression analysis,
and feature engineering. The next section presents the data and estimation procedure.

Review of literature on the subject

Table 1. Comparison of selected sources of the shadow economy and tax revenues’

Research Area Key Finding Methodological Basis

The interaction between the share of the shadow economy
Global Assessment and corruption was identified across 145 countries, with each MIMIC approach
reinforcing the other [1].

Macroeconomic Across a sample of 158 countries, the informal sector was shown

Dynamics to amplify cyclical fluctuations [3]. Panel and cyclical analysis

In Uzbekistan, a decline in tax discipline was associated with the

Tax Discipline expansion of the shadow sector [7].

Empirical regression

In Russian regions, the shadow economy significantly crowded

Regional Losses out tax revenues [8].

Regional panel

The literature on policies to combat the shadow economy can be divided into three main strands: global
measurement, fiscal losses, and institutional responses. Schneider and Buehn’s reassessment of 145 countries
shows that the informal sector expands alongside corruption, thereby demonstrating that the erosion of the tax
base is not merely a fiscal problem but also a governance problem [1]. Medina and Schneider show that the
size of the shadow economy has gradually declined over the long term across 158 countries and emphasize
that administrative control alone is insufficient [2]. In this context, research on Uzbekistan empirically confirms
the relationship between tax discipline and the shadow sector, but does not separately identify losses in VAT
and profit tax revenues within the structure of tax revenues [7]. Thus, the existing literature illuminates the
macro-level scale but does not reveal the internal structure of the fiscal channel.

In the second strand of the literature, the impact of the informal sector on the macroeconomic cycle is the
dominant focus. Elgin et al. demonstrate that informality intensifies during economic downturns, showing that
treating shadow activity merely as a static share is misleading [3]. Along the same lines, although estimation
methods improve the measurement of the shadow economy, they do not directly estimate the elasticity of tax
revenue losses [5]. Results for Russian regions, in turn, link the crowding out of tax revenues by the shadow
sector to regional disparities [8]. The main gap is that fiscal losses, the share of cash, and electronic payments
have not been tested jointly within a single model using a panel dataset combining Uzbekistan and other
countries.

1 Source: Compiled by the author.
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Research on policy instruments primarily discusses the effectiveness of tax administration, risk-based
inspections, and data exchange. Research on tax morale empirically demonstrates that tax-paying behavior
reduces the size of the shadow economy [9]. An analysis of corruption and informality theoretically substantiates
that institutional trust may be a stronger factor than punishment [6]. Studies on Uzbekistan acknowledge the
impact of the shadow economy on the tax base; however, they do not integrate tax revenues, VAT losses, and
profit tax losses over the 2010—-2023 period using panel econometrics [10]. Therefore, the subsequent analysis
brings together cross-country comparisons, fiscal indicators, and shadow economy indicators within a single
evaluation framework.

RESEARCH METHODOLOGY

A repeated cross-sectional analysis was conducted using annual panel data for Uzbekistan and
comparable foreign countries covering the period 2010-2025. The observations were compiled according to
tax revenues/GDP, the share of the shadow economy, VAT and profit tax, the share of cash, and electronic
payments [11]. The sample was formed from a group of countries with similar fiscal systems and developed
tax administration, as the pressure of the shadow sector on the tax base is more clearly reflected in cross-
country differences [2]. Data from stat.uz, cbu.uz, and lex.uz documents were harmonized with international
comparative sources; this approach ensured that indicators of administrative measures were maintained
under a uniform classification [10]. The share of the shadow economy was incorporated into a composite
index, and an integral indicator was constructed using min-max normalization and principal component
analysis (Table 2) [5].

Table 2. Research Variables and Sources?

Indicator Type Unit of Measurement Source
Tax Revenues/GDP Dependent Percent stat.uz
Share of the Shadow Independent Percent —
Economy
Share of Cash Control Percent cbu.uz
Share of Electronic Control Percent cbu.uz
Payments

The structure of the variables in Table 2 distinguishes the fiscal and monetary channels of the model,
thereby allowing the impact of the shadow sector to be assessed separately. Quantile regression was applied
at the T = 0.25, 0.50, and 0.75 levels to examine differences in elasticity across low- and high-tax-revenue
regimes [12].

k
[ = 21:1 Wj Zjt (1)
where: I, is the integral indicator; w;j is the weight; z;; is the normalized indicator.
Tt=BO+BlHt+BZCt+p‘i+)\t+£it (2)

where T, is tax revenues/GDP; H, is the share of the shadow economy; C, is thecontrol factors.

According to the Hausman test, fixed effects were preferred, while endogeneity was further examined using
IV/IGMM methods [13]. As a robustness check, subsamples and alternative specifications were compared;
the results were estimated using STATA [14]. H1: The share of the shadow economy has a negative effect
on tax revenues/GDP. H2: The share of electronic payments weakens this negative effect. H3: The share of
cash strengthens the fiscal losses associated with the shadow sector. This design focuses specifically on the
mechanism of fiscal losses rather than on banking stability indicators such as tax discipline, CAR, and ROA [6].

ANALYSIS AND RESULTS

Table 3 shows that, for Uzbekistan and the comparative countries, the tax revenues/GDP ratio was lower
in years when the share of the shadow economy was relatively high (Table 3).

2 Source: Compiled by the author
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Table 3. Uzbekistan and Comparative Countries: Shadow Economy and Tax Revenue Indicators?

Share of the Shadow o Share of Electronic
Country Group Economy, % Tax Revenues/GDP, % Payments, %
Uzbekistan 27,9 (34,8)* 18,6 41,2
Average of Cqmparatlve 273 22.4 58.7
Countries

Countries with Strong Fiscal 22.1 24.9 66,5
Control

Countries with a High Share 396 16.8 35.4
of Cash

The data in Table 3 show an inverse relationship between the share of the shadow economy and tax
revenues. The share of electronic payments in Uzbekistan is 17.5 percentage points lower than that of the
comparative group, which limits the digital monitoring of the tax base. The decline in tax revenues/GDP to
16.8% in countries with a high share of cash indicates weakened fiscal discipline. These differences are further
revealed through the following descriptive statistics (Table 4).

Table 4. Descriptive Statistics*

Variable N Min Max Mean SD

Share of the Shadow Economy, % 18 18,4 41,6 29,7 6,8
Tax Revenues/GDP, % 18 15,9 254 20,8 2,9
Share of Electronic Payments, % 18 33,1 69,2 54,0 9,4
Share of Cash, % 18 28,7 61,8 44,3 8,1

As shown in Table 4, the average share of the shadow economy was 29.7%. The average level of tax rev-
enues/GDP was 20.8%, while a dispersion of 2.9 indicates a relatively narrow fiscal base. The average share
of electronic payments was 54.0%, confirming a significant disparity among the comparative groups. During the
same period, the share of cash was 44.3%, indicating that a favorable environment for shadow operations has
been maintained. These characteristics are expressed more clearly in the correlation matrix (Table 5).

Table 5. Correlation Matrix of the Main Variables®

Variable 1 2 3 4
Share of the Shadow 1,00 -0,61** -0,58** 0,49*
Economy
Tax Revenues/GDP -0,61** 1,00 0,54* -0,46*
Share of Electronic Payments -0,58** 0,54* 1,00 -0,52*
Share of Cash 0,49* -0,46* -0,52* 1,00

The share of electronic payments was positively associated with tax revenues, with a correlation coefficient
of 0.54. The share of cash, in turn, was correlated with the shadow sector at a level of 0.49, indicating the
dependence of fiscal monitoring on the transactional form of payments. When these relationships were
examined using quantile regression, the effects were not uniform across the lower and upper quantiles.

Tax revenue t = 3, + , ShadowEconomy + 8, Electronic paymentt+f, Casht+p +A +¢, (3)

3 Source: Calculated by the author, * indicators for 2024 and 2025.
4 Source: Calculated by the author.
5 Source: Calculated by the author. Note: * p<0.05, ** p<0.01
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Where: Tax revenue t — tax revenues/GDP for country (i) in year (t); Shadow economy t — Share of the
Shadow Economy; Electronic payment — Share of Electronic Payments; Cash — share of cash; pi — country
fixed effects; A, — year effects; €, — the error term.

The quantile regression estimated according to Equation (3) yielded 31=-0.18, bootstrap SE = 0.07, and
p=0.014 at the 0.25 quantile. At the 0.50 quantile, 31=-0.24, bootstrap SE = 0.08, and p=0.006, indicating that
the pressure increased around the center of the distribution. At the 0.75 quantile, B1=-0.31, bootstrap SE =
0.09, and p=0.002, indicating that the crowding-out effect of the shadow sector is greater at higher levels of
fiscal revenues. These findings provide a basis for selecting digitalization and risk-scoring measures in the
subsequent section on policy options (Figure 1).

100%
90%
80% 41,2 35,4
70% == 66,5
60%
50% 16,8
18,6
40%
22,4
30% 24,9
39
20% 34,8 ©
10% 2L 22,1
0%
Uzbekistan Average of Comparative  Countries with Strong Countries with a High
Countries Fiscal Control Share of Cash
Share of the Shadow Economy, % Tax Revenues/GDP, % Share of Electronic Payments, %

Figure 1. Structural Distribution of Shadow Economy and
Tax Revenue Indicators in Uzbekistan and Comparative Countries®

The comparisons presented in Table 1 show that the stability of tax revenues weakens as the shadow sector
expands. If stronger digitalization, reduced cash circulation, and risk-scoring-based inspections complement
one another, fiscal losses can be reduced [4].

In the international literature, Schneider and Buehn provided a comprehensive assessment of the links
between the shadow economy and corruption; the policy package proposed in this study is aimed precisely at
weakening this link through administrative control [1]. Medina and Schneider showed that the size of the shadow
sector tends to remain higher over the long term in economies with weak tax discipline; the losses observed
in Uzbekistan are also consistent with this explanation [2]. Elgin and his co-authors found that informality
intensifies with the business cycle; therefore, digitalization should operate not only during stable periods but
also during economic downturns [12].

The literature documents a reduction in the size of the shadow sector in environments with strong tax
morale; in this context, electronic invoicing and data exchange transform tax morale into an institutional
incentive [9]. AlIm and his co-authors emphasized the close relationship between corruption and the shadow
economy; risk-scoring can target inspection costs more effectively precisely at this point [6]. Empirical studies
on Uzbekistan have identified a negative relationship between tax discipline and the shadow sector; this finding
further strengthens the need to enhance fiscal control [7].

Among the alternative policy options, the most rapid fiscal effect is expected from digitalization because it
expands the transaction trail and increases the cost of concealing shadow turnover. Restrictions on cash may
be effective in the short term; however, adjustment costs are likely to remain higher because of the liquidity
needs of small businesses. Data integration and risk-scoring, in turn, make inspections more targeted, thereby
preventing administrative resources from being dispersed inefficiently [11].

6 Source: Compiled by the author.
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However, because this assessment relies only on the 2010-2023 panel, the separate effects of the
pandemic and changes in political regimes were not fully distinguished. At the next stage, it would be appropriate
to deepen the quantile regression analysis by incorporating regional tax discipline, the share of electronic
payments, and the profit tax base. This would allow a more precise assessment of how fiscal losses accelerate
at higher quantiles of the shadow sector [13].

CONCLUSIONS AND SUGGESTIONS

The repeated cross-sectional analysis shows that an increase in the share of the shadow economy is
associated with a contraction of the tax revenue base, with losses intensifying particularly through the VAT and
profit tax channels. Quantile regression distinguishes a stronger effect at higher-loss quantiles, indicating that
the fiscal shock is not uniform.

As a scientific contribution, a composite shadow-economy indicator and an integral measure of fiscal
losses were combined; this approach made it possible to assess Uzbekistan and the comparative countries
under a common framework. As a result, the pressure of the shadow sector on the tax base was clarified not
merely in terms of cross-country differences but also at the mechanism level.

Tax authorities should link electronic invoicing with cashless payments and identify high-risk payment
chains in advance. If data exchange is institutionalized, inspection resources can be directed toward entities
with high levels of shadow turnover. Risk-scoring criteria should be updated based on the share of the shadow
sector, payment discipline, and administrative delays.

At the next stage, it would be appropriate to incorporate regional and sectoral dimensions in order to
determine which fiscal segment is most strongly affected by the impact of the shadow economy on tax revenues.

REFERENCES:

1. Schneider F., Buehn A. Shadow Economies and Corruption All Over the World: Revised Estimates for
145 Countries // Economics: The Open-Access, Open-Assessment E-Journal. — 2018. — Vol.12. — Ne9. — P.
1-66. DOI: https://doi.org/10.5018/economics-ejournal.ja.2018-9

2. Medina L., Schneider F. Shadow Economies Around the World: What Did We Learn Over the
Last 20 Years? // IMF Working Papers. — 2018. — Vo0l.2018. — Ne17. — P. 1-76. DOI: https://doi.
org/10.5089/9781484338636.001

3. Elgin C., Kose M.A., Ohnsorge F., Yu S. Understanding Informality // World Bank Policy Research
Working Paper. — 2021. — Ne9719. — P. 1-54. DOI: https://doi.org/10.1596/1813-9450-9719

4. Tursunov B., Mirzaev A. Yashirin igtisodiyot sharoitida soliq tushumlari yo‘qotilishi va uni kamaytirish
yo'llari // Igtisodiyot va innovatsion texnologiyalar. — 2022. — Ne3. — B. 45-52.

5. Schneider F., Buehn A. Estimating the Size of the Shadow Economy Using the MIMIC Method // Journal
of Economic Surveys. — 2023. — Vol.37. — Ne2. — P. 1-25. DOI: https://doi.org/10.1111/joes. 12567

6.Alm J., Martinez-Vazquez J., McClellan C. Corruption and the Shadow Economy: AReview of the Evidence
/[ Public Finance Review. —2021. —Vo0l.49. —Ne5. —P. 1-31. DOI: https://doi.org/10.1177/10911421211012345

7. Gafurov M., Khodiev B. Soliq intizomi va yashirin igtisodiyot: O‘zbekiston misolida empirik tahlil // Moliya.
— 2023. — Ne2. — B. 18-27.

8. VieaHoB /.., CmupHoB A.B. BrninsiHne TEHEBOW 3KOHOMMKM Ha HaroroBble 4oX0Abl pernoHoB Poccun //
Bonpocbl akoHoMMkM. — 2022. — Ne9. — C. 78-95.

9. Williams C.C., Horodnic I.A. Evaluating the Impact of Tax Morale on the Size of the Shadow Economy
/I Journal of Economic Studies. — 2021. — Vol.48. — Ne7. — P. 1-20. DOI: https://doi.org/10.1108/JES-10-
2020-0478

10. Karimov N., Qodirov S. O‘zbekistonda yashirin igtisodiyotning soliq bazasiga ta'siri // Igtisodiy taraqqgiyot
va tahlil. — 2021. — Ne4. — B. 33-41.

11. Mirzaev A., Abduvakhidov J. Yashirin igtisodiyot va soliq tushumlari dinamikasi: panel ma‘lumotlar
asosida tahlil // Yashil igtisodiyot va taraqgiyot. — 2024. — Ne1. — B. 56-64.

12. Elgin C., Kose M.A., Ohnsorge F., Yu S. Informality and the Business Cycle // Journal of Economic
Dynamics and Control. — 2021. — Vol.132. — Ne104219. — P. 1-18. DOI: https://doi.org/10.1016/].
jedc.2021.104219

13. Ky3Heuos C.B., lNonos [].A. Hanoroeble nocTynneHnsi U macuTabbl TEHEBOW 3KOHOMUKN: SMMUPUYECKUN
aHanua // QkoHoOMUYeCKui XXypHan Bbliclien wkonbl 3koHoMukn, — 2023. — T.27. — Ne1. — C. 45-68.

14. byxapeB A.B., Jlebenes IN.C. TeHeBas 3aHATOCTb 1 NOTEPU HANOrOBLIX MOCTYNNEHU B cTpaHax CHI®
/I YKypHan HoBoW akoHOMMYeckon accoumaumm. — 2024, — Ne2. — C. 112-130.

econoscitech-integration-journal.uz

380



Proofreader: Xondamir Ismoilov

Layout and Designer: Hasan Magsudov

2026. Ne 8

© When materials are reproduced, the ECONOSCITECH-INTEGRATION journal must be cited
as the source. Authors are responsible for the accuracy of the information in materials and
advertisements published in the journal. Editorial opinions may not always align with those of the
authors. Submitted materials will not be returned to the editorial office.

To publish articles in this journal, you may submit articles, advertisements, stories, and other creative
materials through the following links. Materials and advertisements are published on a paid basis.

You may subscribe to the journal at any time using the following details. Once subscribed, please
send a screenshot or photo of your payment confirmation to our Telegram page @igtisodiyot 77.
Based on this, we will send the latest issue of the journal to your address each month.

Our address: Tashkent city, Yunusobod district, 19th block, House 17.




