
The Environmental Consequences of Economic1

Inequalities: A Systematic Empirical Literature2

Review, 1998-20223

Supplementary Information (SI)4

5

Contents6

1 Constitution of the article pool 27

2 List of included articles 48

3 Construction of the database 179

3.1 Variables related to sample characteristics . . . . . . . . . . . . . . . . . . . . 1710

3.2 Variables related to the empirical estimation . . . . . . . . . . . . . . . . . . . 1811

3.3 Variables related to the utilization of theories . . . . . . . . . . . . . . . . . . 2312

3.4 Variables related to quality of publication . . . . . . . . . . . . . . . . . . . . 2313

4 Database - Full Variable Description 2414

5 Additional Results 3115

5.1 Cartography of the literature . . . . . . . . . . . . . . . . . . . . . . . . . . . 3116

5.2 The effect of test characteristics on the research outcome . . . . . . . . . . . . 3317

5.2.1 Correlation tables/chi-squared tests . . . . . . . . . . . . . . . . . . . 3318

5.2.2 Justification of separation into climate change, local and regional envi-19

ronmental pressures and responses . . . . . . . . . . . . . . . . . . . . 3720

5.2.3 Results by variable modalities (without regional-level analysis) . . . . . 3721

5.2.4 Breakdown of non-linear results . . . . . . . . . . . . . . . . . . . . . 4522

5.3 Inter-dependencies between test characteristics - full sample . . . . . . . . . . 4723

5.4 Inter-dependencies between test characteristics - climate change . . . . . . . . 6024

5.5 Inter-dependencies between test characteristics - local and regional env. pressures 7125

5.6 Inter-dependencies between test characteristics - env. responses . . . . . . . . . 8226

1



1 Constitution of the article pool27

Figure 1 depicts the selection process of empirical articles following the PRISMA guidelines1.28

The constitution of the pool of articles depicted in Figure 1 started with the expansion of the29

studies identified by Berthe & Elie (2015)2, who reviewed 14 studies and 41 empirical tests. We30

apply the following three-step process as in Berthe & Elie2:31

First, the authors have reviewed all studies cited by at least one of the articles considered central32

to the theoretical part of the environmental consequences of inequalities3–7 plus the article by33

Berthe & Elie (2025)2, which offers an initial review of the literature on the present subject. We34

performed an Advanced Search on Scopus and extracted 1,218 records citing at least one of the35

aforementioned theories in January 2023. The search was limited to journal publications since36

the last literature review on this subject2 and the languages "English", "French" and "Spanish".37

We did not have to exclude any records before screening. The search code is depicted below.38

( REF ( "Inequality as a cause of environmental degradation" ) OR REF ( "The Environmental39

Kuznets Curve, environmental protection policy and income distribution" ) OR REF ( "Political40

and economic inequality and the environment" ) OR REF ( "The Spirit Level: Why Equality is41

Better for Everyone" ) OR REF ( "Income inequality and the environment: aggregation bias in42

environmental Kuznets curves" ) OR REF ( "Mechanisms explaining the impact of economic43

inequality on environmental deterioration" ) ) AND PUBYEAR > 2014 AND ( LIMIT-TO ( SRC-44

TYPE , "j" ) ) AND ( LIMIT-TO ( LANGUAGE , "English" ) OR LIMIT-TO ( LANGUAGE ,45

"Spanish" ) OR LIMIT-TO ( LANGUAGE , "French" ) )46

Fig. 1 | PRISMA flowdiagram: Description of the constitution of the final article pool.

Second, the authors have screened all the 1,218 selected records. We selected all articles whose47

title or abstract contained one of the following three terms "inequality", "distribution" and/or "in-48
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come gap", leaving us with 533 entries. We further investigated all abstracts, excluding those49

articles that clearly did not address the inequality-environment nexus. Lastly, we assessed the el-50

igibility of 178 full articles. Studies were included if they met the following pre-defined criteria:51

Firstly, the article must be published in a peer-reviewed scientific journal. Although, this was a52

pre-condition of our search, some articles suggested by SCOPUS did not apply to this criteria8, 9.53

In Figure 1 we list these articles in the category "Others" jointly with studies whose conceptual54

framework and / or methodology have been ambiguous, making an interpretation impossible10.55

Secondly, the paper must include an econometric study. This was not the case among others for56

Rao & Min11, Ma et al.12 and Millward-Hopkins& Oswald13, whose analyses are either descrip-57

tive or based exclusively on theoretical models. Thirdly, the endogenous variables used must be58

measures of environmental pressure, policy or behavior & at least one independent variable must59

be a measure of inequality. Lastly, the central exogenous variables mobilized must be measures60

of economic inequality on regional or national scale. Multi-level analyses are added.61

The last condition regarding the article selection excludes inequality measures at the micro62

or the meso-level. This decision has been taken with due to the fact, that primary theoretical63

frameworks3, 5, which operate through individuals exerting their political power on governments64

to enforce their policy demands, are not considered in micro or meso analyses. These transmis-65

sion channels can only be examined if the scale of the analyzes matches with national or regional66

political entities that shape environmental policies14. For this reason, the present research ex-67

cludes among others the works of Sager15 (US households) Zhao & Ren16 (Chinese cities) and68

Michieka et al.17 (US counties), which we consider to provide valuable insights about consump-69

tion patterns but do not capture systemic dynamics and aggregate environmental impacts that70

transcend individual or household behavior.71

Finally, the authors have inspected the reference sections of the papers selected. We identi-72

fied 2,170 entries (including double-entries) that contain the word "inequality". We screened73

these entries and excluded those that either did not concern the Inequality-Environment nexus74

or have been identified in the previous step of the article pool constitution. Subsequently, the 5975

remaining articles have been assessed for their eligibility of which 51 have been excluded due76

to the reasons listed in step 2 above: No peer-reviewed journal publication and others18, lack of77

empirical analysis19, the analysis does not contain the variables of interest20, 21 or the scale of the78

analysis is not adequate 22.79
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2. Ajide, K. B. & Ibrahim, R. L. Environmental impacts of income inequality: evidence84

from G7 economies. en. Environmental Science and Pollution Research 29, 1887–1908.85

doi:10.1007/s11356-021-15720-6 (Jan. 2022).86

3. Alataş, S. & Akın, T. The impact of income inequality on environmental quality: a sectoral-87

level analysis. en. Journal of Environmental Planning and Management 65, 1949–1974.88
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dynamic ARDL approach. en. Environmental Science and Pollution Research 29, 8408–91
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Environmental Sociology 8, 211–227. doi:10.1080/23251042.2021.2018123 (Apr.101

2022).102

8. Asongu, S. A. & Odhiambo, N. M. Inequality and renewable energy consumption in103

Sub-Saharan Africa: implication for high income countries. en. Innovation: The Euro-104

pean Journal of Social Science Research 37, 382–398. doi:10.1080/13511610.2020.105
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9. Bae, J. H. Impacts of Income Inequality on CO2 Emission under Different Climate Change107

Mitigation Policies. en. The Korean Economic Review 34 (2018).108

10. Baek, J. & Gweisah, G. Does income inequality harm the environment?: Empirical evi-109

dence from the United States. en. Energy Policy 62, 1434–1437. doi:10.1016/j.enpol.110

2013.07.097 (Nov. 2013).111

1We used the date of acceptance to depict the development of the literature in the main article while for this
reference list the date of publication is used
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3 Construction of the database507

The information obtained from the articles was coded into a unique database. For each empirical508

test, we create a separate row/entry following the previous analysis of Berthe & Elie2. Author509

and year are provided as identifier (Table 6). We consider all empirical test that are 1) central to510

the study’s results; 2) have a different empirical method; 3) utilize different measures of envi-511

ronmental degradation or inequality. We then obtain a total of 406 tests in the 136 papers with512

an average of ≈ 3 tests per paper. We coded various variables containing information about the513

sample characteristics, the estimations, the theories mobilized and the quality of publication.514

Table 6 - 17 provide a detailed description of all the variables constructed. The following sec-515

tion will provide an examination of the methodological decisions involved in the creation of the516

variables517

3.1 Variables related to sample characteristics518

General Indicators: Table 7 contains general indicators related to the sample characteristics519

of the empirical tests. This includes the number of observations, the number of geographical520

entities as well as a written description of the geographical entities.521

Income level: The present article includes dummy variables as well as one summary variable522

for the level of income according to the World Bank Classification of income groups23 (Table 8).523

We classify an analysis as focused on a single income group if more than 90% of the countries524

in the sample belong to the same income group. Analyses that do not align to this standard are525

classified as containing countries of "all income levels".526

Development Level: Likewise we construct dummy variables and a respective summary vari-527

able to represent the levels of economic development of the countries included in the empiri-528

cal tests (Table 9). The definition of economic development is inherently complex and hardly529

definable24. Nonetheless, we posit that certain groups of countries share comparable economic530

characteristics. These groups include mixed development samples, OECD countries25, BRICS531

economies and developing countries not belonging to one of these groups. To classify the anal-532

yses, we apply as before a 90% rule: If an analysis is related predominantly (90% or more) to533

a single country group, it is classified accordingly. Analyses involving more than one country534

group are categorized as "all development levels".535

Geographical Zones: We define dummy variables for studies focusing on the Americas, Eu-536

rope, Asia and Africa. A summary variable is constructed as well. "Europe" includes former537

Soviet states and Turkey following the World Bank Classification23. The 90% rule applies like-538

wise. Furthermore, we introduce the variable scale, indicating whether the analysis is conducted539

at a regional level and provide information of which country is subject of the regional analysis.540
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Our database encompasses multiple regional analyses for China and the United States, while541

only one regional analysis is conducted for Russia26 and India27. A summary of the variables is542

provided in Table 10.543

Time Frame : Lastly, we provide the start year, end year and length of the time frame used544

for the empirical test, which allows testing changes in the results over time (Table 11). Based545

on the end year of the employed data-frames, we construct two dummy variables related to the546

recentness of the data (df_time & df_time_2) The latter assumes the year 2000 as threshold while547

the first assumes 2014 (Table 11).548

Overall, we deem the preceding information adequate to uncover dependencies within the549

literature on the Inequality-Environment nexus. The data has been carefully organized to allow550

for filtering specific groups of analyses, such as those concerning OECD countries in Europe28
551

or low-income countries in Africa29, 30.552

3.2 Variables related to the empirical estimation553

Inequality Indicators: We construct the variable ineq_detail, containing the abbreviation554

of the specific inequality indicator employed, ineq_raw classifying the inequality indicator by555

groups and ineq_agg, containing a more straight forward naming of the inequality indicators556

and an aggregation of distributional measures (Table 12). The vast majority of groups are de-557

termined based on the classification of Safar31. These include concentration, distributional and558

normative measures. Concentration measures refer to the Gini-coefficient while distributional559

measures refer to ratio-based measures (top 10%/ bottom 50%), bottom-end measures (bottom560

20%) and top-end measures (top 10 %). The latter is utilized in the vast majority of studies561

employing distributional measures. Bottom-end measures are restricted to the studies of Kocak562

& Baglitas32 & Wan et al.33. We additionally introduce the category "Spatial Measures", which563

predominantly encompasses the expanding body of research on Chinese urban–rural income564

inequality (spatial measures) and its environmental implications34–37.565

Results: Six indicators are developed to summarize the results of the empirical tests (Table566

13). The variable detailed_results provides a brief description of the relationship between the567

environmental and inequality indicators. The variable result_raw is a coded indicator that rep-568

resents the direction of the nexus with a single sign ( U, ∩, −NS, +NS, NS+, NS−, ∼, ∽, M, +,569

-, NS). Since the direction of results is reversed for response variables, we harmonize them in570

result_adapt. For example, higher inequalities decrease the response variable renewable energy571

consumption (signifying social-environmental complementarity). On the other hand, higher in-572

equalities increase air pollution (signifying social-environmental complementarity). The direc-573

tion of the result is different, but the environmental effect is the same. Thus, we solve this prob-574

lem with result_adapt, where the result sign indicates social-environmental complementarity575
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ineq_agg ineq_raw ineq_detail N
Concentration Measures 274
Gini-
coefficient

1 Gini Index (Gini), Pre-tax Gini (Ginipretax), Post-tax Gini (Ginipost-
tax), Urban Gini (Ugini), Rural Gini (Rgini)

274

Distributional Measures 81
Distributional 2 (ratio) Ratio p80 to p20 (R80/20), Ratio p90 to p10 (R90/10), Palma-Index

(Palma), decile dispersion
19

Distributional 5 (top %) Income Top 20% (T20i), Income Top 10% (T10i), Income Top 5%
(T5i), Income Top 1% (T1i), Wealth Top 10% (T10w)

56

Distributional 6 (bottom
%)

Income Bottom 10% (B10i), Income Bottom 20% (B20i), Income sec-
ond 20% (2nd20i), Income third 20% (3rd20i), Income fourth 20%
(4th20i)

6

Normative Measures 28
Normative 3 Atkinson-Index (Atkinson), Theil-Index (Theil) 28

Spatial Measures 23
Spatial 4 Urban-Rural Income Gap (Urincgap), Urban-Rural Consumption Gap

(Urconsgap)
23

Tab. 1 | Classification of inequality indicators.

with plus, a trade-offs with minus, etc. In addition, we simplify the results in result_agg, where576

we only distinguish between positive, negative, non-linear and non-significant results.Table 2577

explains the coding of the results.578

If an interaction effect is included in the analysis, the variable of interaction is captured in579

the variable interact (Table 13. Lastly, the force of the empirical test is assessed by calculating580

the ratio between the number of significant results and the total number of results for the same581

regression, but with varying control variables.582

Environmental Dimensions: We construct information on the environmental dimension tested583

(env_dim), form groups of indicators utilized to assess the respective environmental dimension584

(e.g. production-based emissions (Pbco2)(syntvar) and provide information on the original vari-585

able utilized detailed_variable (Table 14). The methodological choices involved in the aggrega-586

tion of environmental indicators are depicted in Table 3.587

We construct eight environmental dimensions (5 environmental areas and 3 environmental re-588

sponses). The environmental areas are based on Rockström et al.38, which are Climate Change,589

Air Pollution, Water Pollution and Biodiversity loss. They respectively refer to the Planetary590

Boundaries (1) Climate Change and Ocean acidification (2), Atmospheric aerosol loading, (3)591

Global freshwater use and Biochemical flow boundary, (4), Biodiversity loss and Land-system592

change. The category General Environmental Indicators characterizes variables which include593

information on more than one planetary boundary in the same variable tested. The three types of594

environmental responses identified are Policies, Behaviors and Energy. The OECD differenti-595
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result_adapt meaning result_agg N
+ Higher Inequalities increase environmental degradation (socio-

environmental complementarity
+ 159

- Higher Inequalities decrease environmental degradation (socio-
environmental trade-off)

- 68

U U-shaped relationship: Higher inequalities decrease environ-
mental degradation but the relationship is reversed at a certain
threshold (e.g. income-level, time, inequality, democracy, etc.)

nl 33

∩ Reversed U-shaped relationship. Higher inequalities increase en-
vironmental degradation. Reversion at a certain threshold (e.g.
income-level, time, inequality, etc.)

nl 23

−NS Higher Inequalities decrease environmental degradation but the
nexus turns non-significant at a certain threshold (e.g. income-
level, democracy)

nl 2

+NS Higher Inequalities increase environmental degradation but the
nexus turns non-significant at a certain threshold (e.g. income-
level, time)

nl 11

NS+ Higher inequalities do not affect environmental degradation be-
low a certain threshold (e.g. income-level, time, democracy);
positive effect beyond it

nl 6

NS− Higher inequalities do not affect environmental degradation be-
low a certain threshold (e.g. time); negative effect beyond it

nl 3

∼ Higher inequalities first increase, second decrease and third in-
crease environmental degradation depending on two thresholds
(e.g. income-level, inequality)

nl 3

∽ Higher inequalities first decrease, second increase and third de-
crease environmental degradation depending on two thresholds
(e.g. income-level, inequality)

nl 2

M Higher inequalities first increase, second decrease, third increase
and fourth decrease environmental degradation depending on
three thresholds (here, time)

nl 1

NS No statistically significant relationship between inequalities and
environmental degradation

NS 95

Tab. 2 | Summary of results.

ates between the same three types of environmental responses in their reports39. Environmental596

responses are more directly influenced by changes in inequalities/ political power3, 5, 6.597

The syntvar provides useful subcategories of these areas. For climate change, we distinguish598

between production-based (Pbco2) and consumption-based (Cbco2) emissions. Since the first599

is computed on the basis of consumption activities and the latter production activities, a dif-600

ferentiation is important to control for the outsourcing behavior of wealthier economies40, 41.601

If studies did not report the type of emissions (most of the studies), production-based emis-602

sions were assumed. Within the category "Air Pollution", we differentiate between local and603

regional pollutants42. The area of "Water Pollution" is further classified into organic pollution604

and chemical contamination, while that of "Biodiversity Loss" is divided into threats to overall605

biodiversity, vegetation diversity, and animal diversity. For the other general environmental in-606

dicators, we isolate the most common subgroup which is the "Environmental Footprint". Lastly,607

for "Policies," we differentiate between land protection policies, policy demand or ambitions,608

and public research and development expenditure. For behaviors, we create the subcategories:609
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env_dim Var2: syntvar Var3: detailed_variable N
Environmental areas

Climate
Change

Pbco2, Cbco2 CO2 pc, Cons. GHG pc 215

Air Pollution Airloc, Airreg Soot emissions, SO2 emissions 37

Water Pollu-
tion

Orga, Wat Biochemical oxygen demand
(BOD), wastewater discharged

29

Biodiversity
Loss

Bioani, Biodiv, Bioveg birds/threat, species/threat,
plants/threat

18

General Envi-
ronmental In-
dicators

EF, GE, EF (Environmental Footprint),
EPI (Environmental Performance
Index)

20

Environmental responses

Policies Landprot, Pol, Polclim, PubRD Land protected (%), Demand for en-
vironmental policy, Climate policy
ambition, Public green R&D pc

38

Behaviors Behfirm, Behhous, Behval green technology diffusion, %
adoption of Recycling, post materi-
alism

35

Energy Nrjeff, Ren, Energy efficiency, Renewable en-
ergy consumption

14

Tab. 3 | Summary of environmental dimensions.

"firm behavior (Behfirm)," "household behavior (Behhous)," and "values (Behval)," such as610

post-materialism. For energy-related indicators we distinguish between "renewable energies"611

and "energy efficiency".612

Estimation Methods: Table 15 contains the list of variables constructed to systematize the es-613

timation method used in the empirical tests on the Inequality-Environment nexus. We grouped614

the methods by eight subgroups contained in the variable method_agg_2 while the respective615

written names are provided in method_agg_name. A detailed written description of the estima-616

tion method is provided in method_detail while a less aggregated level of subgroups is contained617

by method_agg_1.618

Table 4 summarizes the classifications of the methodological approaches. The most prominent619

group of models are first generation panel (p1) models. This category includes traditional esti-620

mators such as Fixed Effects (FE), Random Effects (RE), and Grouped Fixed Effects (GFE) for621

panel data. They are static approaches that employ an Ordinary Least Squares (OLS) estimator,622

but offer the advantage of mitigating potential biases stemming from unobserved time-invariant623

factors such as cultural norms, institutional frameworks, and social infrastructure by employing624

individual effects43, 44.625

The second class of models are Ordinary Least Squares (OLS) models, which are quite fre-626

quently used in the current literature but do not employ individual effects. These models presume627
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method_agg_name method_agg_2 method_detail N
First Generation
Panel

p1 Fixed Effects (FE), Random Effects (RE), Grouped Fixed Ef-
fects (GFE)

104

Ordinary Least
Squares

ols Pooled Model, OLS, two-stage least squares (2SLS) 66

Second Generation
Panel

p2 D&K, Panel causality, panel coint, AMG, Granger, panel
Pooled Mean Group (PMG), DOLS, FMOLS, DOLSMG, dy-
namic common correlated effects (DCCE), CCEMG

65

Non-Linear nl Non-para, Semi-para, Panel Smooth Transition, Quantile-on-
quantile, Quantile, Threshold regression

53

Time Series Panel tp ARDL, NARDL, Cointegration, Granger 42

Generalized Method
of Moments

gmm GMM, SGMM 38

Special Economet-
rics

spe BETA, Multilevel, SEM, StEM, Dynamic seemingly unre-
lated (SiEM), spatial panel regression model, GLS

22

Qualitative Analysis qa Count model, Tobit, Probit 16

Tab. 4 | Classes of methods utilized.

no biases from unobserved constant factors and do not account for cross-country heterogeneity.628

This approach is applicable to cross-sectional and panel data. Borghesi18 highlighted that, when629

applied to panel data, this method can yield structurally opposite results compared to other fixed630

effects panel models.631

The third group refers to Second Generation Panel (p2) models, which likewise utilize an OLS632

estimator, but employ heterogeneous panel regression techniques addressing in particular non-633

stationarity and cross-sectional dependence in panel data with cointegrated variables. Notable634

methods include the Mean Group (MG) estimator by Pesaran & Smith45, the Common Correlated635

Effects Mean Group (CCEMG) method by Pesaran46, and the Augmented Mean Group (AMG)636

estimator by Teal & Eberhardt47.637

The fourth class encompasses non-linear models including non-parametric and semi-parametric638

methods48, as well as quantile regression techniques49 and threshold regression estimations50.639

These approaches are especially suitable to address proposed nonlinearities within the rela-640

tionship between inequality and environmental degradation without choosing a condition ex641

ante51–53. Furthermore, the fifth group contains time series models, such as the Autoregressive642

Distributed Lag (ARDL) models, along with associated time-series tests, including cointegra-643

tion and Granger causality tests54. These models are useful for examining long-run and short-run644

dynamics between variables55, but do not infer causal relationships54.645

Furthermore, we comprise (System) Generalized Method of Moments (GMM) estimators in646

the sixth group, which employ inherently different estimation techniques. These instrumental647

variable approaches are designed to address potential endogeneity issues arising from dynamic648

relationships within the data. GMM methods employ lags of the dependent variable as instru-649

ments to mitigate the correlation problem that introduces bias in standard models56–58.650
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Lastly, the estimation classes seven and eight refer to "special methods" and qualitative analysis651

(Table 3), which are less frequently used in the present literature. The first captures Spatial Er-652

ror Models (SEM) as well as Multilevel analyses59–61, which include spatial components. These653

models are crucial if observations are influenced by their location and neighboring units. Fur-654

thermore, we also include models that work using the maximum likelihood method62 and the655

STIRPAT model that allow spatial autocorrelation60, 63 in this group. The last class "Qualitative656

Analysis" comprises models that are used for analyzing categorical or limited dependent vari-657

ables. These models are appropriate for cases where the dependent variable is binary, ordinal,658

or censored, such as in studies of decision-making or event occurrences 64–67.659

3.3 Variables related to the utilization of theories660

Furthermore, we create dummy variables to indicate the theories mobilized in the articles. Dummy661

variables are constructed for each of the five central theories3–7 and three novel transmission662

channels68–70 (Table 16). A theory is considered mobilized if its theoretical mechanism is broadly663

articulated in the empirical article, even if it is not cited. Table 5 provides a short explanation664

of the mechanisms proposed by these theories and the percentage of the analytical framework665

created in this section to investigate the Inequality-Environment nexus ensures a holistic under-666

standing of the inequality-environment nexus, offering insights into the broader implications for667

sustainability and equity.668

Variables related to theoretical biases Lastly, our dataset contains two count variables for669

first, the number of theories mobilized proposing social-environmental complementarity and670

second, the number of theories mobilized proposing a trade-off between inequalities and en-671

vironmental quality (Table 17). Based on these two count variables, we calculate the ratio672

between "positive" and "negative" theories and thus assess if either theories proposing social-673

environmental complementarity or a trade-off are dominant for each test.674

3.4 Variables related to quality of publication675

Lastly, Table 18 contains different indicators that are useful for evaluating the quality of the676

publication. First, we construct an index of statistical accuracy based on the number of observa-677

tions. Second, we incorporate the full name of the journal, it’s h-index according to the Scimago678

Journal & Country Rank72 and the number of citations. (Table 18). We assume that journals679

with higher h-index have stricter review processes which allow only for the publication of high-680

quality research. The h-index is considered a robust measure for the qualification of journals73.681

Citations reflect the impact of each single paper but are only comparable with regard to the year682

of publication. Third, we also construct a count variable containing the number of theories mo-683

bilized per empirical test. We assume that studies considering a higher number of theories and684

transmission channels are of higher quality.685
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Authors Env. Im-
pact1

Mechanism N

Boyce (1994)3 + Reducing inequalities increases the power of those who bear the net
costs of environmental degradation and vice versa → demand for
environmental policies increases

82.27%

Scruggs
(1998)5

- The demand for environmental quality (superior good) increases
with income. Reducing inequalities thus increases environmental
degradation

47.04%

Magnani
(2000)6

+ Marginalized households demand growth policies → Inequality re-
duction creates a wealthier median segment, opting for environmen-
tal protection.

21.42%

Heerink et
al. (2001)4 &
Ravallion et al.
71

- Inverse U-shaped relationship between inequality and environmental
degradation. Higher inequalities lead to a concentration of income
among the affluent, whose consumption by dollar generates lower
environmental degradation (marginal propensity to emit (MPE) is
higher among low-income groups and vice versa)

61.82%

Wilkison &
Pickett (2010)7

+ Inequality leads individuals to adopt consumerist and individualis-
tic behaviors towards the environment. Reducing inequality reduces
environmental degradation (more public goods and societal trust)

34.48%

Vona &
Patriarca68

+ Higher inequality may imply that few consumers have access to eco-
friendly goods, leading to fewer positive technological externalities
→ stagnation of prices at high levels

11.33%

Jones (2015)69 - Higher inequality promotes the development of technology through
capital accumulation

2.46%

Jorgenson et al.
(2017)70

+ Inequality increases working hours, which drives energy consump-
tion and CO2 emissions via both their impacts on economic growth
and on households’ consumption choices

11.08%

1 + → Increasing inequality leads to higher environmental degradation; - → Increasing inequality leads to less
environmental degradation

Tab. 5 | Main theories.

4 Database - Full Variable Description686

Variable Name Variable Description Var. Type
author Author’s name written in citation format. Examples:

single author = Mader (2018); Two authors = Franzen
and Vogl (2013); More than two authors = Heerink et
al. (2001)

string

year Year of article publication as numerical variable. numerical

Tab. 6 | Identification variables.
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Variable Name Variable Description Var. Type
n Number of observations numerical
geo_entities_n Number of geographical entities numerical
geo_entities_descrip Number and description of geographical entities string

Tab. 7 | Sample characteristic variables: General indicators.

Variable Name Variable Description Var. Type
allinc Dummy Variable: 0 if countries are from a single in-

come group; 1 if the sample countries are from various
income groups according to the World Bank classifi-
cation of income groups23

binary

highinc Dummy Variable: 0 if not only high income countries;
1 if high income countries according to the World
Bank classification of income groups23

binary

medinc Dummy Variable: 0 if not only middle income coun-
tries; 1 if middle income countries according to the
World Bank classification of income groups23

binary

lowinc Dummy Variable: 0 if not only low income countries;
1 if low income countries according to the World Bank
classification of income groups23

binary

incomelvl The variable contains the categories "Allincome",
"High-Income", "Middle-Income" and "Low-Income"
according to the World Bank classification of income
groups23

ordinal

Tab. 8 | Sample characteristic variables: Income level.

Variable Name Variable Description Var. Type
alldvt Dummy Variable: 0 if countries are from a single de-

velopment level; 1 if countries have various develop-
ment levels.

binary

oecd Dummy Variable: 0 if not only OECD; 1 if OECD binary
brics Dummy Variable: 0 if not only BRICS; 1 if BRICS binary
dc Dummy Variable: 0 if not only Developing Countries;

1 if Developing Countries
binary

development The variable contains the categories "alldvt",
"OECD", "BRICS" and "DC"

ordinal

Tab. 9 | Sample characteristic variables: Development level.
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Variable Name Variable Description Var. Type
allzone Dummy Variable: 0 if specific geographical region; 1

if all geographical regions
binary

americ Dummy Variable: 0 if not only Americas; 1 if Amer-
icas according to the World Bank23

binary

euro Dummy Variable: 0 if not only Europe & Central Asia
according to the World Bank23; 1 if Europe & Central
Asia

binary

asia Dummy Variable: 0 if not only Asia and Pacific; 1 if
only Asia and Pacific

binary

africa Dummy Variable: 0 if not only Africa; 1 if only Africa binary
zone The variable contains the categories "allzone", "Eu-

rope&CA", "Americas", "Asia" and "Africa"
nominal

scale Modified dummy Variable: "national" if country scale
analysis; "regional" if state/ province scale analysis

binary

russ_reg Dummy Variable: 0 if not Russian Regions; 1 if Rus-
sian Regions

binary

india_stat Dummy Variable: 0 if not Indian state-level analysis;
1 if Indian state-level analysis

binary

us_stat Dummy Variable: 0 if not US state-level analysis; 1 if
US state-level analysis

binary

chin_prov Dummy Variable: 0 if not Chinese Provinces; 1 if Chi-
nese Provinces

binary

Tab. 10 | Sample characteristic variables: Geographical zones.

Variable Name Variable Description Var. Type
tstart Start year of the time frame numerical
tend End year of the time frame numerical
length Length of the time frame - Difference between end

year and start year
numerical

df_time Contains information on the recentness of the
dataframe. Modified dummy variable: "2014 or be-
fore", "After 2014",

binary

df_time_2 Contains information on the recentness of the
dataframe. Modified dummy variable: "2000 or be-
fore", "After 2000"

binary

Tab. 11 | Sample characteristic variables: Time-frame.
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Variable Name Variable Description Var. Type
ineq_detail Abbreviation of the inequality indicator utilized1.

These are T20i, T10i, T5i, T1i, B10i, B20i, 2nd20i,
3rd20i, 4th20i, Gini, Ginipretax, Giniposttax, Ugini,
Rgini, Atkinson, Theil, Urincgap, Urconsgap, Med-
inc

nominal

ineq_raw Categorization of the inequality indicators based on
Safar (2022)31 into 7 groups depending on their na-
ture1

nominal

ineq_agg Contains the categories "Gini-Coefficient", "Distribu-
tional", "Spatial", "Normative" based on the catego-
rization of ineq_raw.

nominal

1 see Tab. 1 for a more detailed explanation of the variables.

Tab. 12 | Estimation related variables: Inequality indicators.
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Variable Name Variable Description Var. Type
detailed_results Written description of results string
result_raw Coded relationship between inequality and the envi-

ronment. The utilized signs symbolize the nature of
the relationship: + = positive, - = negative; U = neg-
ative, then positive; ∩ = positive, then negative; ∼
= positive, negative, positive; ∽ = negative, positive,
negative; +NS = positive, then insignificant; −NS =
negative, then insignificant; NS+ = insignificant, then
positive; NS− = insignificant, then negative; M = posi-
tive, negative, positive, negative; NS = non significant

nominal

result_adapt1 Coded relationship between inequality and the en-
vironment. The signs for environmental responses
(Policies, Behaviors, Energy) have been reversed in
contrast to result_raw in order to harmonize them
with other environmental dimensions (same interpre-
tation).

nominal

result_agg Coded relationship between inequality and the envi-
ronment. The utilized signs symbolize the nature of
the relationship: + = positive, - = negative; nl = non-
linear; NS = non-significant

nominal

interact Indicates if an interaction effect is utilized. Interaction
effects are: ineq (inequality), inco (income), Democ
(democracy), Time (time), Patent (patents), Fin. In-
stit. (financial institutions), c_risk (country risk), in-
nov & labor prod (Innovation and labor productivity),
pesticides & non-agriculture output

nominal

force The quotient between the the number of significant re-
sults and the total number of results for the same re-
gression with different control variables.

numerical

1 see Tab. 2 for a more detailed explanation.

Tab. 13 | Estimation related variables: Results.

Variable Name Variable Description Var. Type
env_dim Environmental dimensions of inequalities1. We dis-

tinguish between Climate Change, Biodiversity Loss,
Air Pollution, Water Pollution, General Indicators,
Policies, Energy and Behaviors

nominal

syntvar Subcategories of environmental dimensions1 nominal
detail_variable Exact full name of the independent variable nominal

1 see Tab. 3 for a more detailed explanation of the variables.

Tab. 14 | Estimation-related variables: Env dimensions.
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Variable Name Variable Description Var. Type
method_detail detailed name of the estimation methods1 nominal
method_agg_1 Categories of estimation methods1 nominal
method_agg_2 Broad categories of estimation methods1 nominal
method_agg_name Full names of the broad categories of estimation meth-

ods1
nominal

1 see Tab. 4 for a more detailed explanation of the variables.

Tab. A15 | Estimation related variables: Estimation methods.

boyce Refers to the theory of Boyce (1994)3. Dummy Vari-
able: "not_boyce" if theory is not mobilized; "boyce"
if theory is mobilized1

binary

scruggs Refers to the theory of Scruggs (1998)5. Dummy
Variable: "not_scruggs" if theory is not mobilized;
"scruggs" if theory is mobilized1

binary

magnani Refers to the theory of Magnani (2000)6. Dummy
Variable: "not_magnani" if theory is not mobilized;
"magnani" if theory is mobilized1

binary

heerink Refers to the theory of Heerink et al (2001)4 & Raval-
lion et al. (200071. Dummy Variable: "not_heerink"
if theory is not mobilized; "heerink" if theory is mo-
bilized1

binary

wilkinson Refers to the theory of Wilkinson & Pickett7. Dummy
Variable: not_wilkinson" if theory is not mobilized;
"wilkinson" if theory is mobilized1

binary

vona Refers to the theory of Vona & Patriarca68. Dummy
Variable: "not_vona" if theory is not mobilized;
"vona" if theory is mobilized1

binary

jones Refers to the theory of Jones (2015)69. Dummy Vari-
able: "not_jones" if theory is not mobilized; "jones"
if theory is mobilized1

binary

jorgenson Refers to the theory of Jorgenson et al. (2017)70.
Dummy Variable: "not_jorgenson" if theory is not
mobilized; "jorgenson" if theory is mobilized1

binary

1 see Tab. 5 for a more detailed explanation of the theories.

Tab. A16 | Variables related to the mobilization of theories.

theory_negative Number of theories cited proposing a trade-off be-
tween inequality and the environment

numerical

theory_positive Number of theories cited proposing a social-
environmental complementarity

numerical

theory_ratio Ratio between positive and negative theories cited numerical
theory_dom Dominant theoretical direction of the inequality-

environment nexus. The categories are "more nega-
tive", "balanced", "more positive", "only positive"

ordinal

Tab. A17 | Variables related to theoretical biases.
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sqrt_n Square root of the number of observations numerical
statistical_accuracy Index between 1 and 5 based on the square root of the

number of observations, where 5 signifies high statis-
tical accuracy and vice versa.

ordinal

journal_name Full name of the Journal string
jhindex H-Index of the Journal according to Scimago72 on Jan-

uary 17th, 2025
ordinal

jrnl_agg Dummy Variable: containing information on the jour-
nal’s rating: "h-index < 200" and "h-index > 200"

binary

citations Number of citations according to SCOPUS on January
17th

ordinal

mobilized_theories Number of mobilized theories. Contains the Cate-
gories "1", "2", "3", "4", "5 & more"

ordinal

Tab. A18 | Variables related to the quality of publication.
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5 Additional Results687

5.1 Cartography of the literature688

Figure 2 displays the evolution of tests by development level for each year since the first empirical689

study74. In addition, Figure 3 and 4 show the respective developments of geographical areas and690

income levels. In general, the graphs show similar developments. We observe that especially691

after 2015 the increase in the number of empirical tests has been accompanied by a greater focus692

on Asia and Africa. However, empirical tests on the latter remained limited. In addition, it693

seems that a significant portion of BRICS and developing countries studied are located in Asia,694

with China being the primary focus among the BRICS economies. Lastly, Figure 4 provides695

information on the income levels of the countries studied. Most studied developing countries696

seem to be middle-income countries while the poorest economies of the world still remain largely697

unexamined.698
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Fig. 2 | Evolution of tests by development level for each year.
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Fig. 3 | Evolution of tests by geographical zone for each year.
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Fig. 4 | Evolution of tests by income group for each year.
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5.2 The effect of test characteristics on the research outcome699

5.2.1 Correlation tables/chi-squared tests700
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Fig. 5 | Full sample - Correlation table/ chi-squared tests.
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Fig. 6 | Climate change- Correlation table/ chi-squared tests.

34



29.2%

57.5%

41.7%

75.0%

16.7%

25.0%

16.7%

0.0%

16.7%

10.0%

8.3%

0.0%

37.5%

7.5%

33.3%

25.0%

50.0%

23.5%

100.0%

62.5%

50.0%

15.7%

0.0%

20.8%

0.0%

15.7%

0.0%

10.4%

0.0%

45.1%

0.0%

6.2%

34.4%

57.5%

15.6%

25.0%

14.1%

10.0%

35.9%

7.5%

30.0%

70.6%

27.1%

2.9%

11.4%

14.7%

31.4%

11.8%

16.7%

44.0%

37.5%

52.4%

85.7%

33.3%

100.0%

11.1%

36.0%

20.8%

9.5%

0.0%

33.3%

0.0%

16.7%

12.0%

8.3%

9.5%

14.3%

33.3%

0.0%

55.6%

8.0%

33.3%

28.6%

0.0%

0.0%

0.0%

40.5%

27.8%

60.0%

44.8%

13.5%

16.7%

15.0%

31.0%

13.5%

22.2%

15.0%

3.4%

32.4%

33.3%

10.0%

20.7%

0.0%

36.2%

100.0%

50.0%

0.0%

20.0%

0.0%

28.6%

0.0%

13.8%

0.0%

14.3%

100.0%

30.0%

0.0%

7.1%

44.4%

48.6%

47.4%

36.4%

25.0%

14.8%

20.0%

31.6%

18.2%

8.3%

3.7%

5.7%

5.3%

36.4%

41.7%

37.0%

25.7%

15.8%

9.1%

25.0%

90.9%

38.9%

35.5%

45.9%

0.0%

0.0%

27.8%

12.9%

27.0%

14.3%

9.1%

11.1%

6.5%

13.5%

42.9%

0.0%

22.2%

45.2%

13.5%

42.9%

36.2%

57.1%

23.2%

11.4%

14.5%

8.6%

26.1%

22.9%

40.4%

38.7%

57.1%

52.6%

10.6%

35.5%

14.3%

15.8%

12.8%

9.7%

28.6%

10.5%

36.2%

16.1%

0.0%

21.1%

result_agg

developm
ent

zone
scale

df_tim
e

m
ethod_agg_nam

e
env_dim

ineq_agg
stat_accuracy

m
obilized_theories

jrnl
theory_dom

+ − nl NS

alldvt

BRICS

DC

OECD

Africa

allzone

Americas

Asia

national

regional

2014 or before

After 2014

GMM

Non−linear

Ols

Panel 1

Panel 2

Special

Time Series

Air Pollution

Biodiversity Loss

General Ind.

Water Pollution

Distributional

Gini−Index

Normative

Spatial

1

2

3

4

5

0

1

2

3

4

h−index < 200

h−index > 200

balanced

more negative

more positive

only positive

Chi² Residuals

−3

−2

2

Fig. 7 | Local and regional environmental pressures - Correlation table/ chi-squared tests.
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Fig. 8 | Environmental responses - Correlation table/ chi-squared tests.
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5.2.2 Justification of separation into climate change, local and regional environmental701

pressures and responses702

The environmental dimensions have been classified based on Rockström et al.38. Furthermore,703

we perform a separate analysis for climate change (the most investigated area), local and re-704

gional environmental pressures and environmental response variables motivated by theoretical705

considerations. Climate Change causes systemic process at planetary scale differentiating them706

from other environmental pressures, which are aggregated processes at local or regional scale38.707

This difference might cause a distortion of the political transmission channels3, 5, 6, 42 since those708

who bear the costs of pollution are spatially separated from those who are responsible for the709

majority of global emissions75–77. In contrast, air, water and biodiversity pressures occur at lo-710

cal or regional level, making it possible for affected groups to demand environmental policies711

within their political entity. The transmission depends on the characteristics of the political712

system of each country. The general indicator includes composite rankings of environmental713

performance, mostly relying on local and regional environmental pressures. Thus, we consider714

this group jointly with the other local and regional pollutants. In addition, we examine all en-715

vironmental responses (behaviors, policies and energy indicators) separately. For the latter, the716

political channels might apply directly3, 5, 6, 78
717

5.2.3 Results by variable modalities (without regional-level analysis)718
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Fig. 9 | Full sample - Results by variable modalities (without regional).
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Fig. 10 | Full sample - Correlation table/ chi-squared tests (without regional).

38



Development Zone Df Method Ineq. Ind. Stat. Accuracy Theory Used Jrnl Dom. Theory All
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Fig. 11 | Climate change - Results by variable modalities (without regional).
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Fig. 12 | Climate change - Correlation table/ chi-squared tests (without regional).
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Fig. 13 | Local and regional environmental pressures - Results by variable modalities (with-
out regional).
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Fig. 15 | Environmental responses - Results by variable modalities (without regional).
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5.2.4 Breakdown of non-linear results719

Most of the time we summarize results suggesting dynamic relationships between inequalities720

and the environment under the term non-linear. Table 19 breaks down these non-linear results by721

the type of relationship as well as the interaction term employed. In general, studies have mainly722

suggested that the relationship between inequality and the environment depends on the country’s723

income (37), time (short-run and long-run effects) (28), the initial level of inequality (17) and724

democracy (10). The latter is the only interaction term suitable to test the transmission channels725

if existing theories2. Eventually, the rest of the studies have tried to link the environmental con-726

sequences of inequalities to innovation and country risk indicators. A U-shaped and reverse-U727

shaped relationship is the most identified kind of non-linear relation for studies making the di-728

rection of the inequality effect dependent on income. These contrasting results can be partially729

explained by the country-groups studied: 8 of 11 studies that assess a reverse U-shaped relation-730

ship have been conducted on homogeneous country samples79, 80. In contrast, we find that for731

U-shaped relationships that most (8/13) have been find for heterogeneous samples43, 44, 66, 81. In732

addition, the turning points of the relationships are often not evaluated. Although investigated733

in a limited way, the probably most convincing result of an interaction effect is that of democ-734

racy. Nine out of ten empirical tests conclude that higher levels of democracy favor social-735

environmental complementarity3, 6 while lower levels of democracy favor a trade-off between736

inequality reduction and environmental quality5.737

Interaction U ∩ −NS +NS NS+ NS− ∼ ∽ M + - NS Total
Income 13 11 1 9 1 0 0 0 0 0 1 3 39
Time 6 4 0 2 4 3 0 1 1 2 1 4 28

Inequality 4 7 0 0 0 0 1 1 0 1 2 1 17
Democracy 7 0 1 0 1 0 0 0 0 0 0 1 10
Fin. Dev. 0 0 0 0 0 0 0 0 0 0 3 0 3
Fin. Inst. 1 0 0 0 0 0 0 0 0 0 0 0 1
Patents 1 0 0 0 0 0 0 0 0 0 0 0 1

Rnew. Innov. 0 0 0 0 0 0 0 0 0 0 0 1 1
Country Risk 0 0 0 0 0 0 0 0 0 2 0 3 5

Income2 0 0 0 0 0 0 2 0 0 0 0 1 3
Tech. Innov. 0 0 0 0 0 0 0 0 0 1 0 0 1

Indust. 0 0 0 0 0 0 0 0 0 1 0 0 1
NA 1 1 0 0 0 0 0 0 0 152 61 81 296

Total 33 23 2 11 6 3 3 2 1 159 68 95 406

Tab. 19 | Full sample - Detailed results table (harmonized)

Table 20 depicts the detailed non-linear results by interaction effect for climate change, lo-738

cal and regional environmental pressures and environmental responses separately. For climate739

change (Table 20a), an interaction effect with income point towards a U-shaped relationship for740

samples containing countries with various development levels. However, when applied to coun-741

tries of similar development levels (OECD and China), a reverse-U shaped relationship is found,742

signifying that countries with higher income face a trade-off between equity and environmental743

quality (and vice versa). Studies on local and regional environmental pressures (Table 20c) test744

non-linearities and transmission mechanisms very limited, which is most likely related to the low745
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number of novel studies in this field. Thus, we cannot draw conclusions about the dependencies746

and transmission mechanisms of local and regional environmental pressures. For environmen-747

tal responses (Table 20b) the two most utilized interaction effects, income and democracy, point748

towards a U-shaped relationship.749

Interaction U ∩ −NS +NS NS+ NS− ∼ ∽ + - NS Total
Income 10 81 0 1 1 0 0 0 0 1 3 24
Time 6 4 0 2 3 3 0 1 1 1 4 25

Inequality 1 4 0 0 0 0 1 0 1 2 1 10
Democracy 2 0 1 0 1 0 0 0 0 0 0 4
Fin. Dev. 0 0 0 0 0 0 0 0 0 3 0 3
Fin. Inst. 1 0 0 0 0 0 0 0 0 0 0 1
Patents 1 0 0 0 0 0 0 0 0 0 0 1

Rnew. Innov. 0 0 0 0 0 0 0 0 0 0 1 1
Country risk 0 0 0 0 0 0 0 0 2 0 3 5

Income2 0 0 0 0 0 0 0 0 0 0 1 1
NA 0 0 0 0 0 0 0 0 67 38 35 140

Total 21 16 1 3 5 3 1 1 71 45 48 215

1 The reverse U-shaped relationship is found only for studies of OECD countries and China.

(a) Climate change - Detailed results table.

Interaction U ∩ −NS NS+ ∼ ∽ + - NS Total
Income 0 3 1 0 0 0 0 0 0 4
Time 0 0 0 1 0 0 1 0 0 2

Inequality 1 2 0 0 0 1 0 0 0 4
Income2 0 0 0 0 2 0 0 0 0 2

Industrialization1 0 0 0 0 0 0 1 0 0 1
NA 1 1 0 0 0 0 43 20 26 91

Total 2 6 1 1 2 1 45 20 26 104

1 Wu, Zhang, Elahi, Mu & Zhao 82 Share of non-agricultural output and Agrochem-
ical Inputs

(b) Local and regional env. pressures - Detailed results table.

Interaction U ∩ −NS M + - NS Total
Income 3 0 8 0 0 0 0 11
Time 0 0 0 1 0 0 0 1

Inequality 2 1 0 0 0 0 0 3
Democracy 5 0 0 0 0 0 1 6
Tech. Innov 0 0 0 0 1 0 0 1

NA 0 0 0 0 42 3 20 65
Total 10 1 8 1 43 3 21 87

(c) Env. responses - Detailed results table.

Tab. 20 | Detailed results of subgroups of environmental dimensions.
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5.3 Inter-dependencies between test characteristics - full sample750

In the following section we identify inter-dependencies between test characteristics via Multiple751

Component Analysis (MCA) and Hierarchical Cluster Analysis (HCA) and, separately, inves-752

tigate the relationship of the identified clusters and the test results. We perform a MCA of the753

full database (Figure 17), including the following main modalities that might influence the test754

results: development, zone, scale, df_time, method_agg_name, env_dim, ineq_agg , and statisti-755

cal_accuracy, mobilized_theories and jrnl_agg. We decided not to include the income level in756

the analysis due to its similarity with the development level, as well as the indicator theory_dom,757

since it might not directly influence the outcome of the empirical test.758
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Fig. 17 | MCA of the full sample.

We interpret the first two dimensions of the MCA which jointly represent 16.98% of the over-759

all variation in the dataset (the axis inertia rates are presented in Figure 19). Further, Table 23760

contrasts the relative contributions of the variable modalities to the first two dimensions in de-761

scending order by influence. The variable representation in the first two dimensions as well as762

information of the supplementary quantitative variables is provided in Figure 20 & 21. The scale763

of the analysis as well as sample characteristics primarily determine the first dimension of the764

MCA. However, inequality, the environmental dimension tested as well as modeling techniques765

have a distinctive impact as well.766
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The first dimension of Figure 17 highlights differences between tests conducted on global sam-767

ples, which are associated with distributional inequality indicators and high statistical accuracy,768

and regional analyses of Asian and BRICS economies. The latter are affiliated with non-linear769

methods as well as spatial/normative inequality indicators.770

In contrast, research quality (number of theories mobilized, statistical accuracy & journal’s771

h-index), methodological approaches and environmental dimensions contribute more greatly772

to the second dimension of the MCA. The characteristics of the samples play a comparatively773

minor role, although developing countries are well represented. Analyses of the latter, especially774

in Africa, seem to heavily rely on time series modeling and are moreover associated with low775

statistical accuracy and a low number of mobilized theories. On the other hand, high-statistical776

accuracy, a high number of mobilized theories as well as a high journal h-index is associated777

with Panel 1 methods, tests on global samples and distributional inequality indicators. Outliers778

within this dimensions are qualitative analyses of policy indicators.779

All in all, we identify three distinctive groups based on Figure 17 and Table 23. First, analyses780

of global samples associated with high-statistical accuracy, a high number of mobilized theories,781

distributional inequality measures, first generation panel modeling techniques and high-ranking782

journals. Second, regional-level analyses of China (BRICS, Asia) that utilize spatial and nor-783

mative inequality measures and non-linear modeling techniques. Third, time series models of784

developing countries in Africa that exhibit low statistical and theoretical quality. Next, we per-785

form a HCA based on the MCA to get more in-depth insights. Through the HCA we are able to786

consider more dimensions (based on the axis inertia rates) when identifying distinctive groups.787

Figure 22 & Figure 23 depict the respective cluster dendrogram and the factor map of the HCA.788

We can choose between 3 and 6 clusters. The 3-cluster solution confirms the clusters already789

identified in Figure 17. The six-cluster solution provides a more granular resolution of the groups790

and is described in Table 21.791

Regional-level analyses of China as well as developing country analyses that utilize time se-792

ries models form separate groups as evaluated in the previous MCA (Figure 17). The third group793

found in the MCA is disaggregated into Old analyses, Global analyses, Qualitative analyses (of794

energy-related environmental indicators) and OECD analyses (of climate change). Environmen-795

tal dimensions such as policies and behaviors as well as biodiversity are primarily found among796

the cluster of old analyses, highlighting the need for intensified research on these categories. The797

clusters are divided along methods, quality of research and environmental dimensions, uncover-798

ing important biases in the research - specialization rather than diversification has taken place.799

Specific country groups are strongly associated with specific methods: most notably develop-800

ing countries with time series models and global studies with first-generation panel and GMM801

models. In addition, the research quality for developing countries and China is on average lower802

than for tests conducted on global country samples.803

Table 21 further depicts the results found for each cluster. Chi-squared tests and a graphical vi-804

sualization are provided in Figure 24 and 25. Positive results dominate for Old analyses (mostly805
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Cluster Characterization Details + - nl NS N

1 Old analyses; Ols meth-
ods, high-ranking journals

OECD countries, main env. dim.: policies,
behavior, biodiversity; low statistical accu-
racy; mixed number of theories mobilized

42.1% 8.8% 14% 35.1% 57

2 Global analyses; GMM
and first-generation panel
models

high statistical accuracy, high number of the-
ories mobilized, Gini-coefficient as inequal-
ity ind.

19.6% 29% 24.3% 27.1% 107

3 Qualitative analyses;
energy-related env. dim.,
high-ranking journals

medium statistical accuracy, env. dim.:
energy & policies, distributional inequality
ind., recent time-frame

31.6% 0% 57.9% 10.5% 19

4 OECD analyses; climate
change

high-statistical accuracy, distributional in-
equality ind., recent time-frame, second-
generation panel models, low-ranking jour-
nals

40.3% 18.2% 26% 15.6% 77

5 Developing country anal-
yses; time-series models,
low-ranking journals

studies in Africa and Asia, low theoretical
and statistical quality, Gini-coefficient, env.
dim.: climate change, second-generation
panel models

41.7% 15.3% 18.1% 25% 72

6 Regional-level analyses of
China

spatial & normative inequality ind., non-
linear methods, env. dim.: air & water pollu-
tion, average statistical accuracy

55.4% 17.6% 8.1% 18.9% 74

Tab. 21 | Characterization of cluster obtained from the full sample.

on OECD countries), OECD analyses and developing country analyses. For regional-level anal-806

yses of China they even present the majority of findings (55.4%). In contrast, global analyses807

find significantly more negative results (29%) while old analyses report more non-significant808

results than other analyses (35.1%). Qualitative analyses on energy-related environmental in-809

dicators find mostly non-linear results. Although we cannot assess which factor is responsible810

for the differing research outcomes (method, country-group studied, or research quality), it is811

necessary to take these biases for future research into account.812

The results of the MCA and HCA in Figure 17 might be consumed by regional analysis.813

Thus, we want to check the robustness of the results by excluding regional-level analyses (Figure814

18).The first to dimension of the MCA represents 15.63% of the overall variation in the dataset815

(axis inertia rates in Figure 26). Table 24 contrasts the relative contributions of the variable816

modalities to the first two dimensions. The variable representation in the first two dimensions as817

well as information of the supplementary quantitative variables is provided in Figure 27 & 28. .818

Figure 18 highlights the contrast between, on one hand, global analyses characterized by a819

high number of mobilized theories and high statistical accuracy, often employing first-generation820

panel techniques, and on the other hand, time series analyses and second-generation panel mod-821

els applied primarily to BRICS and developing economies. After excluding regional-level anal-822

yses, the characteristics of empirical assessments of BRICS and developing economies become823

similar. The recentness of the time-frame, the environmental dimensions as well as the methods824

contribute the most to the second dimension of the MCA (Figure 27). Analyses of biodiversity,825

air and water quality are associated with old time-frames and Ols methods. In contrast, analyses826

of energy-related indicators, the utilization of distributional inequality measures and qualitative827

as well as second-generation panel models are related to more recent time-frames.828
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Fig. 18 | MCA of the full sample (without regional).

We perform again a hierarchical cluster analysis that assesses 7 clusters which allows us to829

obtain a higher degree of disaggregation. Figure 29 and 30 provide the respective cluster den-830

drogram and the factor map. Table 22 describes the 7 clusters and depicts their related results.831

Chi-squared tests and a graphical depiction of the results by cluster are illustrated in Figure 31832

and 32.833

We obtain 5 groups similar to the ones previously identified (except regional-level analyses)834

(Table 21). In addition, we identify two new clusters, which also influence the distribution of835

tests grouped within the five original clusters. First, the present hierarchical cluster analysis sep-836

arates old analyses of local and regional environmental pressures and environmental responses837

(Clusters 3 & 2). Both of them obtain a high share of non-significant results, signifying the838

lack of recent studies on these topics. Second, we find a new cluster of second-generation panel839

models of BRICS economies that focus on general environmental indicators and exhibit a low-840

research quality (Cluster 6).841

The results by cluster differ from the ones obtained in Table 21 in three aspects: First, positive842

results dominate only for analyses of environmental responses while they are similar to the share843

of negative results for old analyses on local and regional environmental pressures. Second, recent844

OECD analyses obtain a significantly higher share of negative results in contrast to the rest of845

the sample (Figure 31). However, positive results still dominate. Lastly, the newly identified846
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Cluster Characterization Details + - nl NS N

3 Old analyses of env. pres-
sures; OLS methods

global country samples, main env. dim.:
air, water, biodiversity; Gini-coefficient as in-
equality ind., low number of theories mobi-
lized, low statistical accuracy

22.7% 20.5% 13.6% 43.2% 44

1 Global analyses; recent
time frame high-ranking
journals

high number of theories utilized, high sta-
tistical accuracy, first-generation panel mod-
els;, GMM

16.3% 30.2% 27.9% 25.6% 43

4 Qualitative analyses;
energy-related env. dim.,
high-ranking journals

medium statistical accuracy, high number of
theories, env. dim.: energy & policies, dis-
tributional inequality ind., recent time-frame

30% 0% 60% 10% 20

5 Recent OECD analyses second-generation panel models, high statis-
tical accuracy, distributional inequality indi-
cator, climate change, BRICS, low-ranking
journals

38.7% 29% 24.2% 8.1% 62

7 Time series analyses;
BRICS & DC, low-
ranking journals

Asia, low statistical accuracy, climate
change, Gini-coefficient

42.5% 15% 17.5% 25% 40

2 Old OECD analyses of
env. responses

first-generation panel models, Ols, high num-
ber of theories mobilized, average statistical
accuracy, env.ind.: policies & behaviors

31.6% 10.5% 23.7% 34.2% 76

6 Second-generation panel
models of developing
countries

very low number of theories mobilized,
Africa and Asia, low-ranking journals, gen-
eral env. indicators, Gini-Index

41.4% 10.3% 27.6% 20.7% 29

Tab. 22 | Characterization of cluster obtained from the full sample (without regional).

cluster of second-generation panel models of developing countries (and low research quality)847

find primarily positive results.848

The MCAs and HCAs of the full sample shows that the increase in methods, country-groups849

studied and inequality indicators utilized can be rather described as a specialization than a diver-850

sification. The increase analyses specifically addressing the inequality-environment relationship851

in BRICS and developing countries has been associated with times series & second generation852

panel methods but on average low theoretical and statistical quality, which restricts this literature853

to less well-known scientific journals.854

Fig. 19 | Decomposition of the total inertia full sample.
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Negative Side Positive Side
Axis 1

allzone (5.618) regional (14.912)
alldvt (4.642) BRICS (13.421)

national (4.369) Asia (13.273)
distributional (2.251 Spatial (7.693)

statistical_accurcay_5 (2.065) Non-linear (5.625)
Air (4.321)

Normative (2.951)
Water (2.829)

Axis 2
DC (14.517) Policies (5.999)

Africa (10.181) mobilized_theories_4 (5.800)
Time Series (9.274) h-index > 200 (5.400)

statistical_accuracy_1 (7.568) Panel 1 (3.403)
h-index < 200 (3.812) statistical_accuracy_5 (3.265)

mobilized_theories_2 (2.366) statistical_accuracy_2 (3.198)
alldvt (2.788)

Qualitative (2.492)
regional (2.548)

distributional (2.089)

Tab. 23 | Relative contributions of variables to axes: Full sample.
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Fig. 23 | Factor map of HCA of the full sample.
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Fig. 26 | Decomposition of the total inertia full sample (without regional).
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Negative Side Positive Side
Axis 1

alldvt (7.097) Asia (11.028)
allzone (5.471) DC (9.443)

statistical_accuracy_5 (4.923) Time Series (9.399)
h-index > 200 (4.820) BRICS (4.657)

Policies (4.333) Africa (4.379)
Panel 1 (3.183) mobilized_theories_0 (4.179)

Ols (2.604) Panel 2 (3.549)
h-index < 200 (3.451)

statistical_accuracy_1 (3.295)

Axis 2
2014 or before (9.294) After 2014 (10.694)

statistical_accuracy_1 (5.818) distributional (8.993)
Water (5.218) Panel 2 (8.058)

Gini-Index (4.357) Energy (4.770)
Ols (4.243) Qualitative (3.760)
Air (3.805) statistical_accuracy_4 (3.244)

Biodiversity (2.584) Normative (2.964)
mobilized_theories_2 (2.449) mobilized_theories_4 (2.891)

OECD (2.714)
Americas (2.448)

Tab. 24 | Relative contributions of variables to axes: Full sample (without regional).
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Fig. 32 | Cluster - Results full sample (without regional).

59



5.4 Inter-dependencies between test characteristics - climate change855

The analysis of the full sample shows a difference in econometric specifications and research856

quality between empirical assessments of developing countries and global samples, which, in857

fact, lead to different results. These inter-dependencies might be as well different for tests on the858

environmental dimension climate change, local and regional environmental pressures and envi-859

ronmental responses. They exhibit different dominant results and different associations between860

research quality and results. In addition, a separate consideration allows us to isolate the effect861

of econometric specifications, country-group studied and research quality from those of the en-862

vironmental dimensions. Thus, we perform separate MCAs and hierarchical cluster analyses of863

tests on climate change, local and regional environmental pressures (Air, Water, Biodiversity864

and General indicators) and environmental responses (Behavior, Policies, Energy).865

Figure 33 shows the results of the MCA of empirical tests on climate change. The first two866

dimensions represent 20.51% of the overall variation in the dataset (axis inertia rates in Fig-867

ure 37). Table 27 contrasts the relative contributions of the variable modalities. The variable868

representation in the first two dimensions as well as information of the supplementary quan-869

titative variables is provided in Figure 35 & 36. We assess a distinction between, on the one870

hand, global analyses using first-generation panel models & distributional inequality indicators871

that are associated with high research quality and, on the other hand, times series models of872

developing countries associated with low research quality. Furthermore, the second dimension873

highlights the difference between regional-level analyses of BRICS economies and other assess-874

ments on national-level. Although not significant (Table 27), these tests seem to be associated875

with second-generation panel and GMM methods.876

Thus, we assess four groups partly similar to the ones in Figure 17. However, the distinction877

between these three groups and their division along countries, methods, theories and indicators878

utilized becomes even more evident.879

We perform again a hierarchical cluster analysis, assessing 4 clusters similar to the ones already880

visible in the MCA. Figure 38 and 39 provide the respective cluster dendrogram and the factor881

map. Table 25 describes the 4 clusters and depicts their related results. Chi-squared tests and a882

graphical depiction of the results by cluster are illustrated in Figure 40. The division observed883

in Figure 33 is verified by the respective hierarchical cluster analysis.884

The most notable difference between the four clusters identified for climate change (Table 25)885

and those based on the full sample (Table 21) is the emergence of a cluster of OECD countries886

(and other national-level analyses). Both the choice of empirical estimation methods and the887

sample composition determine the identified clusters. The four clusters can be characterized888

as follows. 1) Global analyses employing first-generation panel methods, 2) OECD analyses889

utilizing second-generation panel techniques and top% inequality indicators, 3) Regional-level890

analyses on China; and 4) Time series models of developing countries. Among global analyses891

(72), only 11.1% report a positive association between economic inequalities and climate change,892
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Fig. 33 | MCA of climate change.

whereas positive results are predominant in all other clusters. Figure 40 provides a correlation893

table with associated chi-squared tests for the clusters. In terms of our predefined research quality894

indicators, global studies rank highest, followed by OECD and regional studies, and lower quality895

for assessments of developing countries.896

Consequently, we perform a MCA and cluster analysis without empirical tests of regional897

studies to control for a possible bias introduced by regional-level assessments. Figure 34 depicts898

the results of the MCA of tests on climate change excluding regional analyses. The first two899

dimensions represent 22.1% of the overall variation in the dataset (axis inertia rates in Figure900

41). Table 28 again contrasts the relative contributions of the variable modalities to the axes. The901

variable representation in the first two dimensions as well as information of the supplementary902

quantitative variables is provided in Figure 42 & 43.903

We assess the same groups identified in the previous MCA and HCA, including their regional904

characteristics. The MCA reveals three groups: 1) high-quality global studies employing first-905

generation panel data and specialized modeling techniques, 2) low-quality time series analyses906

focused on developing countries, 3) more recent, mixed-quality studies targeting specific country907

groups. Compared to Figure 33, the MCA offers more detailed insights into methodological908

differences. In particular, time series models are associated with developing countries (low-909

quality). First-generation panel models and special methods are associated with global analyses910
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Cluster Characterization Details + - nl NS N

1 Global analyses, high sta-
tistical and theoretical ac-
curacy, high-ranking jour-
nals

first-generation panel and OLS estimation
techniques

11.1% 31.9% 29.2% 27.8% 72

2 OECD analyses, distribu-
tional inequality indicator

mixed statistical and theoretical accuracy,
second-generation panel estimation tech-
niques, recent time-frame

40.5% 11.9% 33.3% 14.3% 42

3 Regional-level analyses of
China, spatial inequality
indicator

Mixed number of theories utilized. mostly
Asia as geographical zone but also Eu-
rope&CA, Normative and Spatial inequality
indicators, Special and non-linear methods,
recent time-frames

49% 23.5% 9.8% 17.6% 51

4 Time Series models of de-
veloping countries, low-
ranking journals

Low statistical accuracy, low number of the-
ories utilized, concentration inequality mea-
sure (Gini-coefficient), Africa & Asia

34% 18% 22% 26% 50

Tab. 25 | Characterization of cluster obtained from tests on climate change.
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Fig. 34 | MCA of climate change (without regional).

(high quality) and second-generation panel approaches are related to recent analyses of BRICS911

and OECD countries.912

The hierarchical cluster analyses suggest either a 3-cluster solution (same groups as the MCA)913

or a 6-cluster solution. Since we want to gain greater insights, we investigate the 6 clusters914

shown by the HCA. Figure 44 and 45 provide the respective cluster dendrogram and the factor915

map. Table 26 describes the 6 clusters and depicts their related results. Chi-squared tests and a916

graphical depiction of the results by cluster are illustrated in Figure 46.917

Cluster 1 & 6, Global analyses and Time series models, have already been identified in the918

previous HCA. The differences between these two clusters in terms of results becomes even919
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Cluster Characterization Details + - nl NS N

1 Global analyses, high-
ranking journals

first-generation panel estimation techniques
high statistical and theoretical accuracy

3% 48.5% 30.3% 18.2% 33

2 OECD analyses, Ols low-moderate statistical and theoretical qual-
ity, non-linear estimation techniques

18.3% 16.7% 35% 30% 60

3 OECD analyses, top jour-
nals

high-ranking journals, recent analyses, dis-
tributional inequality indicator, non-linear
estimation methods

0% 46.6% 38.5% 15.4% 13

4 BRICS, Panel 2 low number of mobilized theories, recent
analyses, low-ranking journals

60% 40% 0% 0% 10

5 Panel 2, Africa moderate statistical and theoretical quality,
GMM methods, normative inequality indica-
tor, developing countries

52.4% 14.3% 14.3% 19% 21

6 Time Series models, Asia,
low-ranking journals

low statistical accuracy, low number of the-
ories utilized, concentration inequality mea-
sure (Gini-coefficient), developing countries
and BRICS economies

41% 10.3% 25.6% 23.1% 39

Tab. 26 | Characterization of cluster obtained from tests on climate change (without re-
gional).

stronger, with primarily negative results found for Global analyses and mostly positve results920

found for Time series models. However, both clusters decrease in size. In addition, we find new921

clusters of country-group specific studies. First, OECD analyses of low-moderate statistical922

accuracy that often use Ols estimation techniques. Second, OECD studies published in high-923

ranking journals31, 53, 83, 84 that often use top% inequality indicator. These analyses primarily find924

negative and non-linear associations between inequalities and climate change. Third, empirical925

tests on BRICS countries, using second-generation panel methods85, 86. These assess with 60%926

the highest share of positive results found. Lastly, we find a cluster of second-generation panel927

models containing a considerable amount of African countries, primarily associated as well with928

positive findings. It is worth mentioning that clusters characterized with high research quality929

contain primarily OECD or global samples while empirical tests characterized by low research930

quality are often performed on BRICS economies or developing countries. Future research has931

to close this gap in research quality.932

Fig. 35 | Decomposition of the total inertia climate change.
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Fig. 36 | Variable representation climate change.
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Fig. 37 | Quantitative supplementary variables climate change.
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Negative Side Positive Side
Axis 1

statistical_accuracy_5 (5.986) DC (14.525)
alldvt (5.110) Africa (9.153)

distributional (5.000) statistical_accuracy_1 (8.632)
Panel 1 (4.690) Time Series (7.743)

h-index > 200 (4.474) mobilized_theories_0 (7.052)
allzone (4.459) Asia (4.487)

Axis 2
national (4.670) regional (21.075)
allzone (4.311) BRICS (17.198)

Asia (11.583)
Spatial (7.462)
Special (4.272)

statistical_accuracy_2 (4.201)

Tab. 27 | Relative contributions of variables to axes: climate change.
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Fig. 38 | Cluster dendrogram of climate change.
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Fig. 39 | Factor map of HCA of climate change.
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Fig. 41 | Decomposition of the total inertia climate change (without regional).
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Fig. 42 | Variable representation climate change (without regional).
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Fig. 43 | Quantitative supplementary variables climate change (without regional).

Negative Side Positive Side
Axis 1

alldvt (7.771) DC (10.982)
statistical_accuracy_5 (7.672) Asia (9.530)

allzone (6.322) statistical_accuracy_1 (8.914)
Panel 1 (5.240) Time Series (8.359)

h-index > 200 (4.646) Africa (5.759)
distributional (3.692) mobilized_theories_0 (5.505)

Axis 2
statistical_accuracy_5 (7.856) OECD (10.471)

alldvt (7.655) mobilized_theories_1 (7.599)
mobilized_theories_5 (5.763) Panel 2 (7.321 )

Panel 1 (4.872) After 2014 (3.898)
2014 or before (4.786) mobilized_theories_3 (2.940)

Tab. 28 | Relative contributions of variables to axes: climate change (without regional).
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Fig. 44 | Cluster dendrogram of climate change (without regional).
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Fig. 45 | Factor map of HCA of climate change (without regional).
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Fig. 46 | Correlation table - Clusters climate change (without regional).
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5.5 Inter-dependencies between test characteristics - local and regional933

env. pressures934

Figure 47 depicts the MCA for local and regional environmental pressures. The first two di-935

mensions represent 26.77% of the overall variation in the dataset (axis inertia rates in Figure936

49). Table 31 contrasts the relative contributions of the variable modalities to the axes. The937

variable representation in the first two dimensions as well as information of the supplementary938

quantitative variables is provided in Figure 50 & 51.939
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Fig. 47 | MCA of local and regional env. pressures.

The association between analyses employing normative inequality indicators and mobilizing940

no theories is considered an outlier. In contrast to the MCA of tests on climate change, Figure 47941

does not suggest a systematic relationship between the quality of research (number of theories942

mobilized, statistical accuracy and the journal’s h-index) and certain development levels or geo-943

graphical zones for analyses of local or regional environmental pressures. In addition, methods944

appear to be rather linked to the age of the studied time-frame, whereas more recent time-frames945

are related to first- and second-generation panel modeling techniques. Furthermore, analyses on946

the impact of inequalities on biodiversity seem to be associated with OECD countries. Regional-947

level analyses are still conducted mainly in China.948

The hierarchical cluster analysis is performed in order to better understand potential group949

structures. We assess 5 distinct clusters, which are relatively small due to the generally low950
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number of empirical tests on local and regional environmental pressures. Figure 52 and 53951

provide the respective cluster dendrogram and the factor map. Table 29 describes the 5 clusters952

and depicts their related results. Chi-squared tests and a graphical depiction of the results by953

cluster are illustrated in Figure 54.954

Cluster Characterization Details + - nl NS N

1 Analyses with Theil-Index low statisitcal accuracy and low number of
theories mobilized, BRICS economies, re-
cent time-frames first-generation panel meth-
ods, includes also regional-level analysis

100% 0% 0% 0% 8

2 Regional-level studies on
China, non-linear meth-
ods, spatial inequality indi-
cator

medium-high statistical and theoretical qual-
ity, published in low-ranking journals, often
studies on air pollution

43.3% 33.3% 13.3% 10% 30

3 Second-generation panel
models of developing
countries

General Environmental Indicators, national-
level studies in Africa with special methods,
high-statistical accuracy

75% 16.7% 8.3% 0% 12

4 Old global studies, Ols
methods

old time-frames, low statistical accuracy,
concentration inequality measure, low num-
ber of theories

28.9% 15.8% 5.3% 50% 38

5 Recent global studies,
GMM methods

recent time-frame, high statistical accuracy,
high number of theories utilized, high-
ranking journals

25% 12.5% 37.5% 25% 16

Tab. 29 | Characterization of cluster obtained from local and regional env. pressures.

The first cluster is the previously identified outlier of Analyses employing the Theil-Index as955

a measure of inequality87. However, it is remarkable that the choice of a normative inequal-956

ity indicator plays a more decisive role in defining the cluster than a regional-level analysis87.957

The second cluster comprises Regional-level analyses of China while the third cluster contains958

second-generation panel estimations of mostly developing countries. The fourth and fifth clus-959

ter both contain global analyses, but one is associated with older time-frames and OLS methods960

while the other contains more recent analyses conducted with GMM estimation techniques.961

The present MCA and HCA differ from the ones of climate change (Table 25 & 26) in three962

ways. First, methods and inequality indicators play a more decisive role in determining the963

groups than the sample composition. Second, the association between research quality and the964

development level of the investigated countries becomes weaker. Third, for none of the clusters,965

the negative results are dominant (Figure 54). Positive findings dominate for Analyses with Theil-966

Index, Regional Chinese analyses and Second-generation panel models of developing countries967

while Old global studies find mostly non-significant results and Recent global studies non-linear968

results.969

We perform a MCA without regional-level analysis to account for the dominating effect of970

regional-level analyses of China (Figure 48). The first two dimensions represent 25.25% of971

the overall variation in the dataset (axis inertia rates in Figure 55). Table 32 again contrasts972

the relative contributions of the variable modalities to the axes. The variable representation in973
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the first two dimensions as well as information of the supplementary quantitative variables is974

provided in Figure 56 & 57.975

The MCA of analyses on local and regional environmental pressures excluding regional anal-976

yses highlights a strong association between BRICS economies, time series modeling, and the977

use of normative inequality measures. This "outlier" is determined only by a single study88,978

which assess a time series model for India using the Theil-Index. Otherwise, OECD countries979

are associated with water pollution, distributional measures, low statistical accuracy and an older980

time-frame. In contrast recent time frames investigate often developing countries with second-981

generation panel techniques and high statistical accuracy. Global studies are mostly associated982

with GMM methods and biodiversity indicators. The differences in the quality and methods of983

the empirical test appear to be mainly related to the age of the investigated sample, highlighting984

differences in regard to analyses on climate change(Figure 48).985
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Fig. 48 | MCA of local and regional env. pressures (without regional).

We perform a HCA whose results are depicted in Table 30. Figure 58 and 59 provide the986

respective cluster dendrogram and the factor map. Table 30 describes the 5 clusters and depicts987

their related results. Chi-squared tests and a graphical depiction of the results by cluster are988

illustrated in Figure 60.989

Table 30 presents a summary of the four identified clusters, which correspond to those depicted990

in Table 29, excluding the group of regional analyses. The results indicate as well that, for studies991
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Cluster Characterization Details + - nl NS N

1 Recent global analyses,
GMM methods

recent time-frame, high statistical accuracy,
high number of theories utilized, high journal
ranking, global studies

30.8% 7.7% 30.8% 30.8% 13

2 Old global analyses, OLS
methods

old time-frames, low statistical accuracy,
concentration inequality measure, low num-
ber of theories

22% 22% 9.8% 46.3% 41

3 Second-generation panel
studies on developing
countries

General Environmental Indicators, Asia &
Africa

87.5% 0% 12.5% 0% 8

4 Ridzuan (2021)88 time series model, BRICS, normative in-
equality measure

100% 0% 0% 0% 2

Tab. 30 | Characterization of cluster obtained from local and regional environmental pres-
sures (without regional).

on local or regional environmental pressures, clusters are mainly determined by methods. Nega-992

tive empirical findings are never dominant. Old studies find a high percentage of non-significant993

findings. The indicator of research quality appears to play a secondary role in distinguishing994

clusters. Thus, high- and low-ranking journals are not systematically associated with the devel-995

opment level of the countries studied. However, the amount of country-group speicic studies on996

local or regional environmental pressures is limited, especially after excluding regional analy-997

ses (Figure 13). Notably, the majority of studies focusing on local and regional environmental998

pressures are based on older time periods.999

Fig. 49 | Decomposition of the total inertia rates env. pressures.
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Fig. 50 | Variable representation env. pressures.
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Fig. 51 | Quantitative supplementary variables env. pressures.
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Negative Side Positive Side
Axis 1

BRICS (10.588) allzone (6.534)
regional 9.731) national (6.082)

Asia (8.475) alldvt (5.846)
Non-linear (5.811) Biodiversity (4.409)

Spatial (4.719) Ols (3.124)
statistical_accuracy_3 (4.381)

Normative (2.618)

Axis 2
2014 or before (6.064) mobilized_theories_0 (19.339)

mobilized_theories_3 (3.924) Normative (15.263)
Non-linear (3.677) After 2014 (12.485)

statistical_accuracy_3 (3.494) h-index > 200 (5.362)
h-index < 200 (2.720) Panel 1 (3.824)

Panel 2 (3.388)
statistical_accuracy_4 (2.653)

Tab. 31 | Relative contributions of variables to axes: Env. pressures.
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Fig. 52 | Cluster dendrogram of env. pressures.
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Fig. 54 | Correlation table - Clusters env. pressures.
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Fig. 55 | Decomposition of the total inertia other env. pressures (without regional).
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Fig. 56 | Variable representation env. pressures (without regional).
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Fig. 57 | Supplementary quantitative variables env. pressures (without regional).

Negative Side Positive Side
Axis 1

mobilized_theories_4 (5.957) Asia (14.397)
statistical_accuracy_5 (5.721) Time Series (9.932)

Biodiversity (5.046) BRICS (9.550)
h-index > 200 (4.754) DC (4.500)

allzone (2.943) Normative (6.521)
GMM (2.773) Panel 2 (6.374)

mobilized_theories_0 (5.363)
h-index < 200 (3.048)

Axis 2
Water (7.253) After 2014 11.631)
Ols (5.108) Panel 2 (10.702)

2014 or before (4.551) mobilized_theories_0 (7.016)
mobilized_theories_2 (4.263) General (6.194)
statistical_accuracy_1 (3.822) statistical_accuracy_4 (6.032)

BRICS (3.436) DC (4.350)
Asia (3.248)

Africa (2.857)

Tab. 32 | Relative contributions of variables to axes: Env. pressures (without regional).
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5.6 Inter-dependencies between test characteristics - env. responses1000

The analysis of inter-dependencies between test characteristics for environmental responses is1001

depicted in Figure 61. The first two dimensions represent 25.18% of the overall variation in1002

the dataset (axis inertia rates in Figure 63). Table 35 contrasts the relative contributions of the1003

variable modalities to the axes. The variable representation in the first two dimensions as well1004

as information of the supplementary quantitative variables is provided in Figure 64 & 65.1005
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Fig. 61 | MCA of env. responses.

The MCA of tests on response indicators points out as well the unique group of regional anal-1006

yses of China. These tests are associated with high statistical accuracy. In addition, time-series1007

models of Asian countries are associated with a large number of theories mobilized. Analyses1008

of energy-related indicators are primarily related to second-generation panel models and high-1009

ranking journals. In contrast, studies of behavioral environmental response variables in Europe1010

& Central Asia are associated with low-ranking journals, a low number of theories mobilized1011

and high statistical accuracy. It seems that these studies utilize special or GMM methods. Lastly,1012

we can identify a group of old studies affiliated with low statistical accuracy and Ols methods.1013

The MCA of response indicators highlights the association of high-ranking journals with anal-1014

yses of energy-related indicators while analyses on environmental behaviors are mostly limited1015

to low-ranking journals. In contrast to analyses on climate change, we do not find adverse as-1016
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sociations between research quality and country-group that would point towards less carefully1017

conducted analyses of developing countries.1018

We perform a HCA based on the previously conducted MCA and identify six clusters which1019

are described in Table 33. In addition, we depict the results found by cluster. Figure 66 and 671020

provide the respective cluster dendrogram and the factor map. Chi-squared tests and a graphical1021

depiction of the results by cluster are shown in Figure 68.1022

Cluster Characterization Details + - nl NS N

1 Kocak&Baglitas (2022)32 no theories mobilized, moderate statisti-
cal accuracy, low-ranking journal, GMM,
OECD, Behavior, recent time-frame

66.7% 33.3% 0% 0% 6

2 Special methods analyses,
behaviors

low-ranking journals, global samples, high
statistical accuracy, little theories mobilized

56.2% 6.2% 12.5% 25% 16

3 Old OECD analyses, high-
ranking journal

high number of theories mobilized, Gini-
Index, Ols, low statistical accuracy, policies

40.6%% 3.1% 21.9% 34.4% 32

4 Qualitative analyses,
global sample

distributional inequality indicator,
morderate-high-number of theories mo-
bilized, recent time-frame

8.3% 0% 91.7% 12

5 Energy analyses in DC,
second-generation panel
model

Africa & Asia, average number of theories
and moderate statistical quality, normative
inequality measures

80% 0% 0% 20% 10

6 Regional analyses of
China

Spatial inequality indicators, recent time-
frame, normative inequality Indicator, high
number of theories, high statistical accuracy,
first-generation panel methods

54.5% 9.1% 0% 36.4% 11

Tab. 33 | Characterization of cluster obtained from env. responses.

We obtain a high number of clusters considering the low number of observations (87). The first1023

two studies separate, on the one hand, the analysis of Kocak&Baglitas (2022)32 conducted on1024

behaviors utilizing GMM methods and, on the other hand, Special methods analyses of behav-1025

iors. Both are performed on OECD/ global country-samples and are associated with low-ranking1026

journals. We further identify the cluster of Old OECD analyses, utilizing OLS methods. It1027

is the biggest cluster found for responses, highlighting the low number of new studies on this1028

topic. The fourth cluster refers to recently conducted Qualitative analyses of global samples1029

using distributional inequality indicators. This group is limited to analyses performed in only1030

three studies64, 67, 89. The fifth cluster contains Energy analyses in DC conducted with second-1031

generation panel modeling techniques65, 90–93. In particular, all analyses in this sample use re-1032

newable energy consumption as dependent variable. Regional analyses of China constitute a1033

separate group, related to spatial inequality indicators, a high number of theories mobilized and1034

high statistical accuracy. The HCA does not highlight a hierarchical structure between the coun-1035

try’s development level and the quality of research. The clusters for environmental responses1036

seem to be strongly determined by methods as well as the quality of research (especially for1037

behaviors).1038

In contrast to analyses on climate change, negative results are comparatively rare across all1039

clusters. The majority of analyses find positive results for Special Methods analyes, Kocak&Baglitas1040
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(2022), Energy analyses in DC and Regional analyses of China. In addition, positive results are1041

dominant across Old OECD analyses while Qualitative analyses find 91.7% of the time a non-1042

linear association between inequality and environmental responses.1043

The MCA of environmental responses excluding regional-level analyses is depicted in Figure1044

62. The first two dimensions represent 26.35% of the overall variation in the dataset (axis inertia1045

rates in Figure 69). Table 36 contrasts the relative contributions of the variable modalities to1046

the axes. The variable representation in the first two dimensions as well as information of the1047

supplementary quantitative variables is provided in Figure 70 & 71. The results are similar to the1048

previously obtained ones. Energy-related indicators are investigated for developing and BRICS1049

economies. They are associated with second-generation panel and time series models. Analyses1050

using special and GMM methods are characterized by high statistical accuracy, but mobilize less1051

theoretical mechanisms and are published in less renowned journals. Tests on older time-frames,1052

especially regarding policies, are associated with high-ranking journals OECD, and to a certain1053

extend African countries.1054
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Fig. 62 | MCA of env. responses (without regional).

The respective HCA finding six clusters is described in Table 34. In addition, we depict the1055

results by cluster. Figure 72 and 73 provide the respective cluster dendrogram and the factor1056

map. Chi-squared tests and a graphical depiction of the results by cluster are shown in Figure1057

74.1058
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Cluster Characterization Details + - nl NS N

1 Kocak&Baglitas (2022)32 no theories mobilized, moderate statisti-
cal accuracy, low-ranking journal, GMM,
OECD, Behavior, recent time-frame

66.7% 33.3% 0% 0% 6

2 Special methods analyses,
behaviors

global samples, high statistical accuracy,
low-ranking journals, little theories mobi-
lized

53.3% 6.7% 13.3% 26.7% 15

3 Old OECD analyses, high-
ranking journal

first-generation panel models, high number
of theories mobilized, Gini-Index, policies,
Ols

38.7%% 3.2% 22.6% 35.5% 31

4 Qualitative analyses,
global sample

high number of mobilized theories, recent
time-frame, distributional inequality indi-
cator, moderate statistical accuracy, high-
ranking journals

0% 0% 100% 11

5 Time series models,
BRICS

Renewable Energy Consumption 100% 0% 0% 0 % 2

6 Energy analyses in DC,
second-generation panel
model

Africa & Asia, average number of theories
and moderate statistical quality, normative
inequality measures

77.8% 0% 0% 22.2% 9

Tab. 34 | Characterization of cluster obtained from env. responses (without regional)

Five of the six clusters found are similar to the ones in 33. The new cluster contains two recent1059

Time series models of BRICS economiesMehmood et al. 90 and Shahbaz, Abbas Rizvi, Dong & Vo 91 perfomed on1060

renewable energy consumption. As previously, positive results dominate in all clusters except1061

for Qualitative analyses, where non-linear findings make up 100% of the results.1062

All in all, we have performed numerous MCAs and HCAs on three groups of environmen-1063

tal dimensions, namely climate change, local and regional environmental pressures and envi-1064

ronmental response indicators. The results by all clusters identified are depicted in Figure 751065

and 76. For climate change, the MCAs and HCAs are strongly influenced by the development1066

level of the country-group studied. Developing countries are primarily investigated via time1067

series models and are characterized by a low research quality. In contrast analyses performed1068

on global samples and certain OECD samples are characterized by high-research quality and1069

first-generation panel techniques. The combination of these factors leads to inherently different1070

research outcomes. In contrast, the research quality appears to play a secondary role for anal-1071

yses of local and regional environmental pressures while especially the time of the analyses is1072

related to the employed models. While the results vary in terms of statistical significance and1073

non-linearity, they remain consistent. Furthermore, analyses of environmental responses do not1074

exhibit a hierarchical structure between the country’s development level and the quality of re-1075

search. However, analyses of energy-related indicators (DCs) are performed with high research1076

quality while analyses for environmental behaviors (OECD) are primarily limited to low-ranking1077

journals.1078
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Fig. 63 | Decomposition of the total inertia env. responses.
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Fig. 64 | Variable representation env. responses.
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Fig. 65 | Supplementary quantitative variables env. responses.

Negative Side Positive Side
Axis 1

2014 or before (3.889) Asia (14.832)
OECD (3.298) BRICS (13.590)

statistical_accuracy_1 (2.926) regional (11.446)
allzone (2.701) Spatial (8.167)

mobilized_theories_4 (5.769)
Normative (4.635)
After 2014 (4.167)

statistical_accuracy_4 (2.882)

Axis 2
DC (7.894) h-index < 200 (8.403)

mobilized_theories_3 (5.867) Special (7.215)
statistical_accuracy_2 (4.969) Behavior (5.463)

h-index > 200 (3.988) GMM (5.016)
Africa (3.291) regional (3.951)
Panel 2 (2.467) mobilized_theories_0 (3.529)

statistical_accuracy_3 (3.515)
statistical_accuracy_4 (3.338)

Energy (3.303)
Europe&CA (3.287)

Americas (2.711)
mobilized_theories_1 (2.672)

Tab. 35 | Relative contributions of variables to axes: Env. responses.
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Fig. 66 | Cluster dendrogram of env. responses.

Negative Side Positive Side
Axis 1

Behavior (3.972) Energy (12.819)
OECD (2.989) Asia (12.509)

Panel 2 (11.159)
DC (9.533)

Normative (8.112)
statistical_accuracy_2 (4.259)
mobilized_theories_3 (4.087)

Axis 2
mobilized_theories_5 (7.763) h-index < 200 (8.944)

2014 and before (6.297) After 2014 (8.735)
Panel 1 (5.787) GMM (5.370)
Policies (3.653) Special (4.963)

h-index > 200 (3.784) mobilized_theories_0 (4.663)
OECD (2.974) statistical_accuracy_3 (4.112)

Ols (2.785) statistical_accuracy_5(3.736)
alldvt (3.463)

Europe&CA (3.325)
mobilized_theories_2 (3.032)

Tab. 36 | Relative contributions of variables to axes: Env. responses (without regional).
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Fig. 67 | Factor map of HCA of env. responses.
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Fig. 69 | Decomposition of the total inertia env. responses (without regional).
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Fig. 70 | Variable representation env. responses (without regional).
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Fig. 71 | Supplementary quantitative variables env. responses (without regional).
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Fig. 72 | Cluster dendrogram of env. responses (without regional).
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Fig. 75 | Results by clusters obtained from subgroups.
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Fig. 76 | Results by clusters obtained from subgroups (without regional).
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