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Figure 1: Source: c© shutterstock.com
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Introduction

Figure 2: Russia: Carbon Dioxid Emissions (2012), Source: RFSSS
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Literature

Environmental awareness originated by ecological movements in 1960s

Social psychology and marketing focused socio-demographic attributes
of environmentally conscious people (Soyez et al. 2009)

In 1970s and 80s environmentally friendly behaviour was explained by
environmentally friendly attitudes measurable by means of multi-item
scales (Ajzen, 1991)

Personal value orientation and cultural values were investigated over
the last ten years (Soyez et al. 2009, 2012)

Primary Goal

Introduce an Index of Global Warming or Index of Environmental
Awareness for 81 Russian Regions using a structural equation model.
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Index of Environmental Awareness

Comparing regions or countries using quality indices: Environmental
Performance Index (EPI) and the Environmental Sustainability Index
(ESI) (see Emerson et. al., 2012)

Das and DiRienzo (2010) found a negative relation between
environmental quality and ethnic diversity in countries using EPI

Grafton and Knowles (2004) found no strong evidence for effects of
social capital on environmental performance using ESI

Park et. al (2007) investigated the relationship between cultural and
environmental sustainability measures using ESI and found some
evidence

Also discussed in the literature: the Environmental Kuznets Curve
(EKC), for example by Dinda (2004), He and Richard (2010), Brajer et.
al. (2011), Fosten et. al. (2012), Wang (2013), Yang et. al. (2015)
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Environmental Kuznets Curve (EKC)

between pollutants (SO2 and smoke) and income per

capita. Kuznets’ name was attached to the inverted-U

relationship between pollution and economic develop-

ment later due to its resemblance to Kuznets’ inverted-

U relationship between income inequality and econom-

ic development. However, Panayotou (1993) first

coined it as the Environmental Kuznets Curve or EKC.

3. Conceptual background of EKC

3.1. General idea

Corresponding to the early stage of economic

growth,5 the awareness of environmental problems

is low or negligible and environment friendly tech-

nologies are not available.

Environmental degradation increases with growing

income up to a threshold level beyond which envi-

ronmental quality improves with higher income per

capita. This relationship can be shown by an inverted-

U-shaped curve (see Fig. 1). It is described as the

EKC following the observation of Kuznets (1955).

This EKC hypothesis is intended to represent a long-

term relationship between environmental impact and

economic growth. As economic development accel-

erates with the intensification of agriculture and other

resource extraction, at the take-off stage, the rate of

resource depletion begins to exceed the rate of re-

source regeneration, and waste generation increases in

quantity and toxicity. At higher levels of development,

structural change towards information-intensive in-

dustries and services, coupled with increased environ-

mental awareness, enforcement of environmental

regulations, better technology and higher environmen-

tal expenditures, results in leveling off and gradual

decline of environmental degradation. As income

moves beyond the EKC turning point, it is assumed

that transition to improving environmental quality

starts. Thus, it could be a depiction of the natural

process of economic development from a clean agrar-

ian economy to a polluting industrial economy, and,

finally, to a clean service economy (Arrow et al.,

1995).

3.2. Explanations for the EKC

The EKC hypothesis actually summarizes an es-

sentially dynamic process of change—viz., as income

of an economy grows over time, emission level grows

first, reaches a peak and then starts declining after a

threshold level of income has been crossed. However,

the statement of the hypothesis makes no explicit

reference to time. Truly, the EKC is a long run

phenomenon. In other words, it is a development

trajectory for a single economy that grows through

different stages over time. That is, ceteris paribus, in

their process of development, individual countries

experience income and emission situations lying on

one and the same EKC. Empirically, this development

trajectory can be observed in cross-country cross-

sectional data, which represents the countries with

different (low, middle and high) income groups (of the

world) corresponding to their emission levels. Assum-

ing all countries follow one EKC, then at any cross-

section of time, it should be observed that some

countries are poor shaping the initial stage of EKC,

some are developing countries approaching towards

peak or start to decline and other are rich produce

falling stage of EKC. Evidently, thus, under the null

hypothesis of EKC and under the assumption of

invariance of the income–emission relationship, for

a given set of cross-country cross-sectional data on

income and emission, the emission on income regres-

sion line should be an inverted-U-shaped empirical

EKC.

Several factors are responsible to shape the EKC.

Considering other things remain constant, i.e., ceteris

5 A growing economy has positive social and economic effects.

It is true that economic activities are presupposed a function of the

environment. But a few are conscious about the effects of economic

growth on environmental quality. However, the effect of economic

growth on environmental quality is much under dispute. At the

beginning of development trajectory a country’s GDP increases

corresponding with high environmental degradation.

Fig. 1. Environmental Kuznets Curve.

S. Dinda / Ecological Economics 49 (2004) 431–455434

Figure 3: Environmental Kuznets Curve (Dinda, 2004)

Secondary Goal

Search evidence for the Environmental Kuznets Curve in Russia.
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Multiple Indicators-Multiple Causes Model (MIMIC)

Buehn and Farzanegan (2013) introduced a Multiple Indicators-Multiple Causes

Model to investigate the relation between air pollution and emissions using

more than one indicator variable (CO2).

3. Empirical methodology

3.1. The MIMIC model of air pollution

This paper uses a MIMIC model to study the relationship be-
tween air pollution and its determinants. The key benefit of this
approach is that more than one measure of air pollution can be
taken into account at a time. Formally, the MIMIC model has two
parts: a structural part and a measurement part. The structural
model is given by:

η ¼ γ′xþ ς; ð1Þ

where η is the latent variable of air pollution, x is a q-vector of
potential cause, and γ is a q-vector of coefficients in the structural
model describing the causal relationships between air pollution
and its determinants. The error term ς represents the unexplained
component. The variance of ς is abbreviated by ψ and Φ is the
(q×q) covariance matrix of the causes x.

The measurement model links air pollution to its indicators, i.e.,
air pollution is expressed in terms of measurable variables assuming
that the indicators chosen are sound measures of air pollution. For-
mally, the measurement model is specified as:

y ¼ ληþ ε; ð2Þ

where y is a p-vector of air pollution indicators, λ is a p-vector of
coefficients indicating the expected change of the respective indicator
for a unit change of air pollution, and ε is a p-vector of white noise
disturbances with (p×p) covariance matrix Θε. We use the logs of
per capita SO2 and CO2 emissions as well as the proportion of energy
related N2O emissions as measures of air pollution. Thus, Eq. (2)
results in:

Carbon dioxide emissions
Sulfur dioxide emissions
Nitrous oxide emissions

2
4

3
5 ¼

λ1
λ2
λ3

2
4

3
5� Air pollution½ � þ

ε1
ε2
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2
4

3
5: ð3Þ

According to our theoretical considerations in Section 2, we em-
ploy the following eight causes in the baseline specification of the
structural model: real GDP per capita and its square, energy efficien-
cy (GDP per unit of energy use), the share of industry in GDP, the
production of electricity from coal, as well as a measure for the use
of alternative energy sources, urbanization, and the share of the pop-
ulation in working age. Eq. (1) thus results in:

Air pollution½ � ¼ γ1 γ2 γ3 γ4 γ5 γ6 γ7 γ8½ �

GDP
GDP squared

Energy efficiency
Industry

Electricity from coal
Alternative sources

Urbanization
Working population

2
6666666664

3
7777777775

þ ς½ �: ð4Þ

Fig. 2 shows the baseline specification's path diagram. The small
squares attached to the arrows indicate the expected signs of the
coefficients.

The coefficients are estimated by decomposing the MIMIC
model's covariance matrix Σ(θ) and finding values for the parame-
ters λ and γ as well as the covariances contained in andΦ, Θε and ψ
that produce an estimate for Σ(θ), Σ̂ ¼ Σ θ̂

� �
which is as close as

possible to the sample covariance matrix S of the observable causes
and indicators, i.e., of the x ' s and y ' s. The estimation procedure
deriving the parameters minimizes the following fitting function:

F ¼ ln Σ θð Þj j þ tr SΣ−1 θ̂
� �h i

− ln Sj j− pþ qð Þ: ð5Þ

In addition to the baseline specification shown in Fig. 2, we esti-
mate 10 specifications testing the influence of trade openness, FDI

inflows, and population density as well as socio-economic and insti-
tutional factors such as inequality and good governance on pollution.
Once the hypothesized relationships have been tested and the param-
eters have been estimated, the MIMIC model estimation results are
used to calculate scores ηk for each country in the sample. This
index then provides the ranking of air pollution.

4. Results

Data is analyzed in a pooled cross-section for every fifth year be-
tween 1985 and 2005 to reduce the influence of business cycle ef-
fects and potential outliers. The boundaries of the observation
period are set by data availability, as most variables included in the
empirical model are not available before 1985 and not yet available
for 2010. Table A1 in Appendix A presents a complete description
of the variables as well as sources and also summarizes the expected
correlations. When estimating a MIMIC model, one of the indicators
of the latent variable has to be normalized. Typically, the variable
with the highest factor loading is chosen for this purpose.10 Follow-
ing this practice, we chose to normalize CO2 emissions to a value of
1, resulting in a standardized coefficient of 0.95 in the baseline spec-
ification 1. The MIMIC model estimations in Table 1 report standard-
ized coefficients, as they indicate the response of air pollution in
units of standard deviation for a one standard deviation change in
an explanatory causal variable, all other variables remaining
unchanged (Bollen, 1989).11 The second indicator, SO2 emissions,
turns out to be significantly positively correlated to the latent vari-
able of air pollution as is the third indicator N2O emissions, which
is in line with our expectations and economic intuition.

The baseline specification (1) is an estimation that includes eight
important causes of air pollution. Altogether, seven variables turn
out to be significant, among them are variables describing economic
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Fig. 2. Path diagram of the Air Pollution Index (baseline specification).

10 The choice of the normalized variable has no effect on the estimation results
(Bollen, 1989).
11 LISREL® Version 8.80 is used for estimation. The standardized coefficients are cal-
culated as, γS

ji ¼ γ̂ ji

ffiffiffiffiffiffiffi
σ̂ ii

p
=σ̂ jj where the subscript s indicates the standardized coeffi-

cient, i denotes the causal, and j the latent variable σ̂ ii and σ̂ jj are the predicted
variances of the ith and jth variables, respectively.

108 A. Buehn, M.R. Farzanegan / Energy Economics 37 (2013) 104–113

Figure 4: Path diagram of the Air Pollution Index (Buehn and Farzanegan)
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MIMIC Approach

MIMIC-Model from Jörekog and Goldberger, 1975

Y = λ η + ε, (1)

where Y = (Y1,Y2, . . .Yp)> is a set of observable endogenous indicators,
which are affected by a latent variable η.

⇒ Here, η is the Index of Global Warming and is defined as

η = β>X + ζ (2)

with X = (X1,X2 . . . ,Xk)> is a set of observable exogenous causes of η.

λ = (λ1, λ2, . . . , λp)> and β = (β1, β2, . . . , βk)> are model parameters,
and ε = (ε1, ε2, . . . , εp)> and ζ are random errors.
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MIMIC - Assumptions

Equation (2) into (1)

Y = λ
(
β>X + ζ

)
+ ε = Π>X + v ,

with Π = β λ> and v = λ ε+ ζ
Assumption: Random errors ε and ζ are assumed to be mutually
independent and normally distributed

ε ∼ N(0,Θ2) and ζ ∼ N(0, σ2),

where

Θ = diag(θ1, θ2, . . . , θp).

Independence assumption implies

E (ζε>) = 0> and E (εε>) = Θ2.

Awareness of Global Warming - A MIMIC Model 9

Authors: Khakimova, Wende, Wiesmeth, Loesch and Okhrin



Introduction EKC MIMIC Data Results Discussion References

Restrictions of the MIMIC Model

Assumption: X and Y are jointly normally distributed, with
X ∼ N(0,Φ2)

Identifiability (Hauser and Goldberger, 1971)

k · p + 1/2p(p + 1) ≥ k + 2 · p

In general, the model is identified if p ≥ 3.

Otherwise some parameters may be set fixed, e.g. σζ = 1 or λ1 = 1.
(See Jörekog and Goldberger, 1975)

If the Model is identifiable and restricted, the parameter values of

λ, β, θ2
(
and σ2

ζ

)
can be estimated using a ML-Approach.
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Authors: Khakimova, Wende, Wiesmeth, Loesch and Okhrin



Introduction EKC MIMIC Data Results Discussion References

Maximum Likelihood Estimation

Following Jörekog and Goldberger (1975): N is the sample size. The
log-likelihood can be computed through

L = −N · 1/2{log|Ω|+ tr(Ω−1W )}+ C → max!

C is some constant, Ω implies the covariance matrix
Ω = E

(
vv>

)
= σ2λλ> + Θ2 and W = (Y − XΠ)>(Y − XΠ).
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Maximum Likelihood Estimation

Step 1: Set initial λ̂0, Ω̂0

Step 2: Compute

β̂ =

(
1

λ̂>Ω̂−1λ̂

)
(X>X )−1X>Y Ω̂−1λ̂

Step 3:

λ̂ =
(

1 + β̂>X>X β̂
)
λ̂

Step 4:

θ̂2
i = rii −

(
1 + β̂>X>X β̂

)
λ̂2
i for (i = 1, . . . , p)

rii is the ith diagonal element of R = Y>Y .

Step 5: Go to step 2 and repeat until convergence.

Awareness of Global Warming - A MIMIC Model 12
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Data

Figure 5: Russian Federation: Regions, Source: www.mapsofworld.com
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Data

Indicator Variables Y
More than 300 relevant phrases about environmental topics came from
Yandex (“Google” for Russia) in Russian and English and the number of
queries of these phrases for 81 Russian regions (for Sept./Oct. 2014 and
Dec./Jan. 2014/15).

Figure 6: Example of Dataset: Some environmental phrases for 81 Russian
regions from Yandex (Dec./Jan. 2014/15)

Awareness of Global Warming - A MIMIC Model 14

Authors: Khakimova, Wende, Wiesmeth, Loesch and Okhrin



Introduction EKC MIMIC Data Results Discussion References

Indicator Variables Y

Classification of the phrases in 6 categories

Y1 : Climate Change Queries

Y2 : Endangered Environmental Queries

Y3 : Political Queries

Y4 : Climate Model Queries

Y5 : Renewable Energies Queries

Y6 : Genetically modified organism Queries

Yin =
number of queries of category i in region n

number of all queries in region n

Thereby are the category i = 1, . . . , p with p = 6 and the region
n = 1, . . . ,N with N = 81.

Awareness of Global Warming - A MIMIC Model 15
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Causes Variables X

Causes Variables X from Federal Statistics Service of Russia (RFSSS) and
National Human Development Report 2013

Min. 1st Qu. Median Mean 3rd Qu. Max.

GRP pc ppp 3494 10941 12860 14818 15987 57175
mining/GRP 0.001 0.009 0.041 0.206 0.277 1.180
manufacturing/GRP 0.006 0.330 0.579 0.608 0.853 1.930
Russian 0.010 0.650 0.860 0.753 0.930 0.970
emissions pc 0.000 0.036 0.075 0.284 0.163 4.997
agglomeration 0.071 3.827 22.206 31.612 42.227 400.255
young people < 18 y. 0.130 0.150 0.170 0.181 0.190 0.350
unemployment 0.032 0.069 0.081 0.092 0.092 0.500
education 0.804 0.890 0.899 0.900 0.912 0.955

Table 1: Statistics of the Causes Variables
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MIMIC - Model
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Figure 7: MIMIC model of Environmental Awareness
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Figure 8: MIMIC model of Environmental Awareness
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MIMIC - Model


y1

y2

y3

y4

y5

y6

 =


λ1

λ2

λ3

λ4

λ5

λ6




β1

...
βk


>



GRP per capita
GRP per capita2

GRP per capita3

mining
manufactoring

emission
set of control variables


+ ζ>


︸ ︷︷ ︸

η=Index of Global Warming

+


ε1

ε2

ε3

ε4

ε5

ε6



Model is over-identified with p = 6 indicators and k = 12 causes

Estimating the parameter values, λ1 = 1 is fixed
Using a robust ML-approach, because normality assumption cannot be
hold:

MLM: standard errors are weighted by asymptotic covariance matrix
(Satorra and Bentler, 1994)
MLR: standard errors are estimated using Sandwich estimator
(Yuan and Bentler, 2000)
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Results - Parameter Values

Sept/Oct Dec/Jan Sept/Oct Dec/Jan Sept/Oct Dec/Jan
Est. (1) Est. (1) Est. (2) Est. (2) Est. (3) Est. (3)

GRP per capita 4.719 *** 3.441 *** 5.148 *** 3.938 ** 2.450 ** 2.748 **
(1.481) (1.481) (1.453) (1.681) (1.194) (1.229)

GRP per capita2 -11.304 *** -8.488 *** -11.189 *** -8.492 ** -5.581 * -5.874 ***
(3.345) (3.345) (3.585) (3.868) (3.190) (2.091)

GRP per capita3 6.814 *** 5.272 *** 6.404 *** 4.923 ** 3.192 3.290 **
(1.968) (1.968) (2.177) (2.477) (2.007) (1.203)

mining/GRP 0.400 0.420
(0.281) (0.281)

manufacturing/GRP -0.101 -0.093 -0.256 * -0.239 **
(0.242) (0.242) (0.154) (0.110)

Russian -0.379 * -0.018 -0.374 * -0.001
(0.223) (0.223) (0.211) (0.101)

emissions per capita -0.333 -0.369 -0.160 -0.186
(0.208) (0.208) (0.196) (0.304)

agglomeration -0.219 -0.290 *** -0.194 -0.258 ***
(0.156) (0.156) (0.163) (0.091)

young people -0.667 ** -0.346 ** -0.636 ** -0.289 **
(0.312) (0.312) (0.290) (0.142)

unemployment 0.529 ** 0.586 *** 0.517 ** 0.577 ***
(0.214) (0.214) (0.215) (0.140)

education -0.110 0.179 -0.100 0.183
(0.135) (0.135) (0.138) (0.142)

city 0.683 *** 0.589 *** 0.561 ** 0.452 *** 0.142 0.106
(0.229) (0.229) (0.245) (0.123) (0.105) (0.071)

Standard errors in parentheses (MLR); significance level: ***p < 0.01, **p < 0.05, *p < 0.1

Table 2: Estimated β-Parameters Using MIMIC Approach
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Results - Parameter Values

Sept/Oct Dec/Jan Sept/Oct Dec/Jan Sept/Oct Dec/Jan
Est. (1) Est. (1) Est. (2) Est. (2) Est. (3) Est. (3)

λ1 1.000 1.000 1.000 1.000 1.000 1.000
fixed
λ2 0.469 *** -0.331 0.502 *** -0.311 0.461 ** -0.193

(0.137) (0.376) (0.139) (0.368) (0.148) (0.324)
(0.250) (0.250) (0.216) (0.448) (0.215) (0.551)

λ3 0.371 1.233 *** 0.394 1.252 *** 0.366 0.896
(0.294) (0.269) (0.313) (0.275) (0.306) (0.438)
(0.384) (0.384) (0.376) (0.424) (0.372) (0.682)

λ4 0.767 *** 0.181 0.794 *** 0.171 0.766 ** 0.170
(0.263) (0.219) (0.274) (0.219) (0.290) (0.199)
(0.334) (0.334) (0.323) (0.318) (0.338) (0.245)

λ5 0.397 *** -0.144 0.407 *** -0.153 0.395 *** -0.137
(0.142) (0.409) (0.151) (0.413) (0.127) (0.309)
(0.121) (0.121) (0.148) (0.468) (0.120) (0.367)

λ6 0.410 *** 0.397 0.433 *** 0.412 0.400 *** 0.282
(0.101) (0.410) (0.104) (0.415) (0.101) (0.350)
(0.140) (0.140) (0.119) (0.557) (0.113) (0.568)

df 87 87 81 81 39 39
CFI 0.380 0.463 0.436 0.446 0.743 0.573
RMSE 0.085 0.051 0.077 0.052 0.053 0.054
SRMR 0.076 0.092 0.077 0.088 0.072 0.110

Standard errors in parentheses (MLM above, MLR among); significance level: ***p < 0.01, **p < 0.05, *p < 0.1

Table 3: Estimated λ-Parameters Using MIMIC Approach
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Index of Global Warming

Region Sept./Oct. Ranking Dec./Jan. Ranking
2014 2014/15

Kamchatka 475.4 1 -57.5 73
Adygea 171.5 2 -110.2 78
Arkhangelsk 156.1 3 89.6 3
Khanty-Mansi AO 154.7 4 58.8 9
Penza 135.6 5 42.1 13

.

.

.
.
.
.

.

.

.
.
.
.

.

.

.
Moscow 82.4 12 27.1 20

.

.

.
.
.
.

.

.

.
.
.
.

.

.

.
St.Petersburg 20 29 24.2 26

.

.

.
.
.
.

.

.

.
.
.
.

.

.

.
Magadan -50.4 65 253 1

.

.

.
.
.
.

.

.

.
.
.
.

.

.

.
Karachay-Cherkessia -179.4 77 -137.6 79
Altai -191.1 78 -33.7 61
Jewish -219.4 79 -56.8 72
Nenets AO -278.7 80 -209.6 81
Chukotka AO -363.5 81 -175.6 80
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Results and Prospective Research

Results

Structure of the indicators did not change from period to period

Indicator variables are positive, but the most are not significant for
Dec./Jan. 2014/15

GRP per capita in the first order is significantly positive and in the
second order significantly negative → Environmental Kuznets Curve
can be identified

Unemployment rate and the city dummy have positive impact on
environmental awareness

Share of Russian and share of young people are significantly negative

Prospective Research

Avoiding normality

Using non-linear models
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Indicator Variables Y

Sept./Oct. 2014 Dec./Jan. 2014/15
Env. Queries all Queries Env. Queries all Queries

Min. 67 368800 70 319 300
1st Qu. 1 122 16 900 000 1 044 15 600 000
Median 1 904 36 180 000 1 961 34 240 000
Mean 4 415 77 050 000 4 335 66 400 000
3rd Qu. 3 320 60 660 000 3 274 53 990 000
Max. 125 571 1 913 000 000 123 954 1 555 220 000

Table 4: Statistics of the Yandex Queries
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