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Although the logarithmic mean Divisia index (LMDI) approach has been widely used in the field of energy and environmental
research, it has a shortcoming. Since the LMDI approach only focuses on the base year and reporting year, in situations in which
the research period is long, the annual changes during the research period may be difficult to capture. In particular, if there were
huge fluctuations in the indicators (such as the energy consumption and carbon emissions) or their drivers during the middle of a
research period, a substantial amount of information about the fluctuations will be ignored. *erefore, we propose four extended
yearly LMDI approaches, including pure LMDI, weighted LMDI, comprehensive LMDI, and scenario LMDI approaches to better
capture fluctuations and compensate for the original LMDI approach’s shortcomings. Additionally, we found that there are
mathematical relationships among the four extended LMDI approaches. We further compare these four approaches’ advantages,
disadvantages, and applicable situations and analyze a case study on China’s energy consumption based on the four
proposed approaches.

1. Introduction

*e index decomposition analysis (IDA) approach has
been widely used in the field of energy and environmental
economics [1, 2]. Among the different types of IDA
approaches, the logarithmic mean Divisia index (LMDI)
approach is one of the most popular methods; it was
proposed by Ang and Liu [3] and further developed by
Ang [4–6] and helps to analyze the effects of driving
factors on carbon emissions or energy consumption
[7–9]. Since its numerical properties and economic im-
plications are optimal [5, 10], the LMDI approach has
been adopted in different fields of research, including the
manufacturing, textile, and power industries [11–14].
Additionally, even though the LMDI approach cannot
handle zero-value data, Ang [5] overcame this problem
by using an analytical limit technique where zero values

were replaced by arbitrarily small numbers that do not
affect the results.

Although the LMDI approach originally proposed by
Ang [4] has many advantages, it also has a shortcoming.
Since the decomposition created by the original LMDI
approach only relies on the base year and reporting year,
substantial information during the middle of the research
period will be missed if the research period is long. Si-
multaneously, if there are huge fluctuations in the indicators
(such as energy consumption) or their decomposed drivers
(such as energy intensity) during the research period, annual
changes will be difficult to capture, leading to inaccurate
results. For example, if the base and reporting years’ energy
consumption (or its drivers) are the same, research based on
the original LMDI approach will conclude that energy
consumption (or its drivers) does not change (or influence
anything) even if there are fluctuations in the middle of the
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research period, which is neither comprehensive nor rea-
sonable. Hence, our proposal of an extended yearly LMDI
approach is necessary to account for these limitations.

Although many scholars have used the original LMDI
approach to measure the impact of various incentives on
energy consumption (or other indicators, such as carbon
emissions) during consecutive two-year periods [15, 16],
which may not ignore the yearly information, few studies
further discuss and explore the applicable scenarios of this
type of decomposition. Actually, this is also one of the
extended yearly LMDI methods we intend to introduce and
called it as the weighted LMDI approach. It makes the
settings of the weights depend on consecutive two-year
periods and change yearly, which is helpful to capture the
indicator’s short-term fluctuations but fail to exclude the
influences of changes in the weights and reflect the changes
caused by drivers themselves. Simultaneously, few scholars
have systematically derived a formula for extended yearly
LMDI approaches and discuss their mathematical rela-
tionships or applicable situation. Hence, there leaves room
for further explorations.

*erefore, in this study, we propose four extended yearly
LMDI approaches, which are, respectively, called pure,
weighted, comprehensive, and scenario LMDI approaches to
better capture fluctuations of the indicator (or its decom-
posed drivers) and make up for the original LMDI
approach’s shortcomings. Moreover, we further analyze the
mathematical relationships among the four extended yearly
LMDI approaches and compare their advantages, disad-
vantages, and applicable situations. Finally, we provide a
case study of China’s energy consumption based on the four
approaches.

As a result, this paper makes three marginal contribu-
tions to the literature: (1) we proposed four extended yearly
LMDI approaches to make up for the original LMDI
approach’s limitations and better capture different fluctu-
ations during the middle of the research period; (2) we
derived and proved the mathematical relationships among
the four approaches; and (3) we further compared these four
approaches’ advantages and disadvantages and discussed
their applicable situations.

*is paper is organized as follows. *e first part presents
the introduction; the second part proposes the four extended
yearly LMDI approaches; the third part provides a case study
of China’s energy consumption based on the extended yearly
LMDI approach; and the fourth part presents conclusions.

2. Methodology

If the interval between the base year (b) and the reporting
year (t) is long, the yearly changes during the middle of the
research period may be difficult to capture. In particular, if
there were huge fluctuations in the indicators (such as
energy consumption) or their decomposed drivers (such

as energy intensity) during the middle of the research
period, substantial information about the fluctuations
would be ignored. *erefore, this paper derives and
proposes four extended yearly LMDI approaches to
capture the fluctuations in the middle of the research
period.

2.1. Four ExtendedYearly LMDIApproaches. In line with the
guideline and analysis of the LMDI approach originally
proposed by Ang [6], we adopt a quantity indicator Dt and
we assume that there are three driving factors—At, Bt, and
Ct—which, respectively, represent the well-known activity,
structure, and intensity effects. Additionally, Dt can refer to
any indicator, such as energy consumption, electric power
consumption, or carbon emissions.

Considering a study in which a change in the quantity
indicator Dt is to be decomposed, we begin with the fol-
lowing IDA identity:

Dt
� At × Bt × Ct. (1)

*e change in Dt from the base year (b) to the reporting
year (t) can be, respectively, decomposed into Db,t

A , D
b,t
B , and

Db,t
C based on the original LMDI approach. Furthermore, we

conduct a yearly decomposition and obtain the following
equation:

ΔDt,b
� ΔDb,b+1

+ ΔDb+1,b+2
+ · · · + ΔDt− 1,t

� ΔDb,b+1
A + ΔDb,b+1

B + ΔDb,b+1
C􏼐 􏼑 + · · ·

+ ΔDt− 1,t
A + ΔDt,t− 1

B + ΔDt− 1,t
C􏼐 􏼑

� ΔDb,b+1
A + ΔDb+1,b+2

A + · · · + ΔDt− 1,t
A􏼐 􏼑

+ ΔDb,b+1
B + · · · + ΔDt− 1,t

B􏼐 􏼑 + ΔDb,b+1
C + · · · + ΔDt− 1,t

C􏼐 􏼑.
(2)

*e yearly decomposition presented in equation (2) can
be realized by the following derivation.

In accordance with the equation Dt � At × Bt × Ct, we
take the logarithm on both sides of the equation and get
another equation—ln(Dt) � ln(At) + ln(Bt) + ln(Ct). We
can then obtain the following set of equations as follows:

ln Dt( 􏼁 � ln At( 􏼁 + ln Bt( 􏼁 + ln Ct( 􏼁 + · · · +(1)
ln Dt− 1( 􏼁 � ln At− 1( 􏼁 + ln Bt− 1( 􏼁 + ln Ct− 1( 􏼁 + · · · +(2)
⋮
⋮
ln Db( 􏼁 � ln Ab( 􏼁 + ln Bb( 􏼁 + ln Cb( 􏼁 + · · · +(t − b + 1)

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎪⎭
.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎩
(3)

*en, we subtract the two adjacent equations in equation
set (3) and obtain the following set of equations:
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ln
Dt

Dt− 1
􏼠 􏼡 � ln At

At− 1
􏼠 􏼡 + ln Bt

Bt− 1
􏼠 􏼡 + ln Ct

Ct− 1
􏼠 􏼡 + · · · +(1)

ln
Dt− 1

Dt− 2
􏼠 􏼡 � ln At− 1

At− 2
􏼠 􏼡 + ln Bt− 1

Bt− 2
􏼠 􏼡 + ln Ct− 1

Ct− 2
􏼠 􏼡 + · · · +(2)

⋮

⋮

ln
Db+1

Db
􏼠 􏼡 � ln Ab+1

Ab
􏼠 􏼡 + ln Bb+1

Bb
􏼠 􏼡 + ln Cb+1

Cb
􏼠 􏼡 + · · · +(t − b)

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(4)

Given equation set (4), we have four approaches to
decompose (Dt − Db) and realize the yearly decomposition
presented in equation (2): the pure LMDI, weighted LMDI,
comprehensive LMDI, and scenario LMDI approaches.

2.1.1. Pure LMDI Approach. *e pure LMDI approach is
one of the four extended yearly LMDI approaches, which
leaves the weights unchanged annually and the weights
depend on the base and reporting years. *erefore, a pure
LMDI approach helps compare the effects purely caused by
driving factors themselves and considers long-term indi-
cator trends.*e derivation of the pure LMDI approach is as
follows.

We stack equation (1) through (t − b) in equation set (4)
and obtain the following equation:

ln
Dt

Db
􏼠 􏼡 � ln

At

At− 1
􏼠 􏼡 + · · · + ln Ab+1

Ab
􏼠 􏼡􏼠 􏼡

+ ln
Bt

Bt− 1
􏼠 􏼡 + · · · + ln Bb+1

Bb
􏼠 􏼡􏼠 􏼡 + ln

Ct

Ct− 1
􏼠 􏼡􏼠

+ · · · + ln
Cb+1

Cb
􏼠 􏼡􏼡.

(5)

*en, we multiply both sides of equation (5) by (Dt −

Db)/ln(Dt/Db) and obtain ΔDb,t on the left side of equation
(5) and the yearly decomposition on the right side of
equation (5). *e detailed formula for this type of the ex-
tended yearly LMDI approach is proposed in Table 1. Ac-
tually, this kind of yearly decomposition is similar to the
method provided by Chen et al. [17] which also remains the
weight unchanged every year. But they failed to discuss and
explain the advantages and disadvantages of this type of
yearly decomposition. *is method can only be applied in
one kind of situation when scholars only hope to analyze
fluctuations of drivers themselves, but excludes the influence
of changes in weights, which can put changes in external
situations into consideration.

2.1.2. Weighted LMDI Approach. *e weighted LMDI ap-
proach is another kind of extended yearly LMDI approach.
Its weights change every year and rely on consecutive two-
year periods, which help to reflect the short-term trends in
the indicator and reflects changes in the external situation.
*e derivation is as follows.

For equation (1) through (t − b) in equation set (4), we
can first multiply both sides of the equation by (Dn+1 −

Dn)/ln(Dn+1/Dn) (n � b, b + 1, . . . , t − 1, t) and obtain the
following equations:

Dt − Dt− 1 �
Dt − Dt− 1( 􏼁
ln Dt/Dt− 1( )

ln
At

At− 1
􏼠 􏼡 + ln Bt

Bt− 1
􏼠 􏼡 + ln Ct

Ct− 1
􏼠 􏼡􏼠 􏼡 + · · · +(1)

Dt− 1 − Dt− 2 �
Dt− 1 − Dt− 2( 􏼁
ln Dt− 1/Dt− 2( )

ln
At− 1

At− 2
􏼠 􏼡 + ln Bt− 1

Bt− 2
􏼠 􏼡 + ln Ct− 1

Ct− 2
􏼠 􏼡􏼠 􏼡 + · · · +(2)

⋮

⋮

Db+1 − Db �
Db+1 − Db( 􏼁
ln Db+1/Db( 􏼁 ln

Ab+1

Ab
􏼠 􏼡 + ln Bb+1

Bb
􏼠 􏼡 + ln Cb+1

Cb
􏼠 􏼡􏼠 􏼡 + · · · +(t − b)

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(6)
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*en, we stack the equations above together. Hence, we
obtain ΔDb,t on the left side of the equation and the yearly
decomposition on the right side of the equation.*e detailed
formula for this type of the extended yearly LMDI approach
is proposed in Table 2.

2.1.3. Scenario LMDI Approach. In the long run, when
certain major external events occur, such as an economic
crisis, government regulation, trade wars, and taxation
policies, they may have an important impact on the ex-
ternal situation and development trends of the indicator
(such as energy consumption or electric power con-
sumption). *erefore, we should divide the long research
period into several short periods in light of major external
shocks and, respectively, set corresponding weights in
different divided periods. For these reasons, we propose
the scenario LMDI approach as another extended yearly
LMDI approach.

We assume that there was an important event that oc-
curred in year (k) (b< k< t), which had an important impact
on the development trends of indicator Dt. *erefore, the
research period should be divided into two periods—year (b)
to year (k) and year (k) to year (t). *e interval between year
(b) and year (k) should have the same weight, while the
period between year (k) and year (t) should be set at another

weight. *e derivation of the scenario LMDI approach is as
follows.

First, we, respectively, stack equation (1) through (t − k)
and equation (t − k+ 1) through (t − b) in equation set (4)
and obtain the following two equations:

ln
Dt

Dk
􏼠 􏼡 � ln

At

At− 1
􏼠 􏼡 + ln Bt

Bt− 1
􏼠 􏼡 + ln Ct

Ct− 1
􏼠 􏼡􏼠 􏼡 + · · ·

+ ln
Ak+1

Ak
􏼠 􏼡 + ln Bk+1

Bk
􏼠 􏼡 + ln Ck+1

Ck
􏼠 􏼡􏼠 􏼡,

(7)

ln
Dk

Db
􏼠 􏼡 � ln

Ak

Ak− 1
􏼠 􏼡 + ln Bk

Bk− 1
􏼠 􏼡 + ln Ck

Ck− 1
􏼠 􏼡􏼠 􏼡 + · · ·

+ ln
Ab+1

Ab
􏼠 􏼡 + ln Bb+1

Bb
􏼠 􏼡 + ln Cb+1

Cb
􏼠 􏼡􏼠 􏼡.

(8)

*en, we, respectively, multiply both sides of equation
(7) by (Dk − Db)/ln(Dk/Db) and multiply both sides of
equation (8) by (Dt − Dk)/ln(Dt/Dk). *en, we obtain the
following two equations:

Dt
− Dk

�
Dt − Dk

ln Dt/Dk( 􏼁 ln
At

At− 1
􏼠 􏼡 + ln Bt

Bt− 1
􏼠 􏼡 + ln Ct

Ct− 1
􏼠 􏼡􏼠 􏼡 + · · · + ln

Ak+1

Ak
􏼠 􏼡 + ln Bk+1

Bk
􏼠 􏼡 + ln Ck+1

Ck
􏼠 􏼡􏼠 􏼡􏼢 􏼣, (9)

Dk
− Db

�
Dk − Db

ln Dk/Db( 􏼁 ln
Ak

Ak− 1
􏼠 􏼡 + ln Bk

Bk− 1
􏼠 􏼡 + ln Ck

Ck− 1
􏼠 􏼡􏼠 􏼡 + · · · + ln

Ab+1

Ab
􏼠 􏼡 + ln Bb+1

Bb
􏼠 􏼡 + ln Cb+1

Cb
􏼠 􏼡􏼠 􏼡􏼢 􏼣. (10)

Secondly, we stack equations (9) and (10) and obtain
ΔDb,k on the left side of the equation and the yearly de-
composition on the right side. Since this kind of yearly
LMDI approach considers great changes in the external
situation, we call it a scenario LMDI approach. *e detailed
formula for this type of extended yearly LMDI approach is
proposed in Table 3. Additionally, it is obvious that if k � b
or k � t, the decomposition approach is the same as that for
the pure LMDI approach.

Although the scenario LMDI approach considers great
changes in the external situation, it is not able to provide
the point in time at which the structural mutation hap-
pened, so it is necessary for scholars to presuppose the

point in time at which the external shock caused the
structural mutation. Such a deficiency may lead to sub-
jectivity in the process.

2.1.4. Comprehensive LMDI Approach. Although the sce-
nario LMDI approach can better reflect large changes in the
external situation, it cannot provide the point in time at
which the structural mutation happened. Hence, the com-
prehensive LMDI approach is proposed to make up for the
shortcomings of the previous approach.

As for equation (1) through (t − b) in equation set (4), we
can first, respectively, multiply both sides of the equation by

Table 1: *e pure LMDI approach’s decomposition formula for the three driving factors.

Additive decomposition formula Weight

ΔDb,t
A ΔDb,t

A � 􏽐t− bn�1wy ln(An+b/An+b− 1) wy � ((D
t − Db)/(ln(Dt) − ln(Db)))

ΔDb,t
B ΔDb,t

B � 􏽐t− b
n�1wy ln(B

n+b/Bn+b− 1) wy � (D
t − Db)/(ln(Dt) − ln(Db))

ΔDb,t
C ΔDb,t

C � 􏽐t− bn�1wy ln(Cn+b/Cn+b− 1) wy � ((D
t − Db)/(ln(Dt) − ln(Db)))
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1/ln(Dn+1/Dn)(n � b, b + 1, . . . , t − 1, t) and add them up,
obtaining the following equation:

(t − b) �
1

ln Dt/Dt− 1( )
ln

At

At− 1
􏼠 􏼡 + ln Bt

Bt− 1
􏼠 􏼡 + ln Ct

Ct− 1
􏼠 􏼡􏼠 􏼡

+ · · · +
1

ln Db+1/Db( 􏼁 ln
Ab+1

Ab
􏼠 􏼡 + ln Bb+1

Bb
􏼠 􏼡􏼠

+ ln
Cb+1

Cb
􏼠 􏼡􏼡.

(11)
*en, we multiply both sides of equation (11) by

(Dt − Db)/(t − b). Hence, we can obtain another yearly
decomposition approach, and the detailed formula for this
type of extended yearly LMDI approach is presented in
Table 4.

Evidently, the comprehensive approach considers both
short-term and long-term trends (i.e., it includes changes
during consecutive two-year periods and changes during the
base and reporting years). If there are no external shocks
(i.e., the short-term and long-term trends remain relatively
stable), the weights should remain stable annually.

However, once there is an external shock that influences
the external situation, the short-term trend will be very
inconsistent with the long-term trend, resulting in a drastic
change in weight, and the calculated results will also fluc-
tuate drastically. Hence, it is useful to identify the point in
time at which the structural mutation happened, which also
helps compensate for the defects in the scenario LMDI
approach.

2.2. Relationships among the Four Extended LMDI
Approaches. *e four extended yearly LMDI approaches
we proposed are clearly different and are derived from

differences in the weight settings. *ese different weights
have certain mathematical relationships and different
applicable situations based on the features of each ap-
proach. Simultaneously, since the four approaches have
their own advantages and disadvantages, we also provide
the applicable situation of the four approaches based on
their features.

2.2.1. Mathematical Relationships among the Four Extended
LMDI Approaches. We regard the weights used by the
pure LMDI approach as a reference and compare the
weights of the other approaches accordingly. We set
the weights of the four methods separately as θ, λn, δn, α,
and β:

Dt − Db( 􏼁
ln Dt( ) − ln Db( 􏼁 � θ,

Dn+b − Dn+b− 1( 􏼁
ln Dn+b( 􏼁 − ln Dn+b− 1( 􏼁 � λn+b, (n � 1, 2, . . . , (t − b))

Dt − Db( 􏼁
(t − b)ln Dn+b/Dn+b− 1( 􏼁 � δn+b, (n � 1, 2, . . . , (t − b))

Dt − Dk( 􏼁
ln Dt( ) − ln Dk( 􏼁 � α, (b< k< t)

Dk − Db( 􏼁
ln Dk( 􏼁 − ln Db( 􏼁 � β, (b< k< t)

⎫⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎬⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎭

.

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
(12)

We first derive the relationship between weights of the
pure LMDI approach and the weighted LMDI approach:

Table 2: *e weighted LMDI approach’s decomposition formula for the three driving factors.

Additive decomposition formula Weight

ΔDb,t
A ΔDb,t

A � 􏽐t− b
n�1ww ln(A

n+b/An+b− 1) ww � ((D
n+b − Dn+b− 1)/(ln(Dn+b) − ln(Dn+b− 1)))

ΔDb,t
B ΔEb,tB � 􏽐t− b

n�1ww ln(B
n+b/Bn+b− 1) ww � ((D

n+b − Dn+b− 1)/(ln(Dn+b) − ln(Dn+b− 1)))

ΔDb,t
C ΔEb,tC � 􏽐t− bn�1ww ln(Cn+b/Cn+b− 1) ww � ((D

n+b − Dn+b− 1)/(ln(Dn+b) − ln(Dn+b− 1)))

Table 3: *e scenario LMDI approach’s decomposition formula for the three driving factors.

Additive decomposition formula Weight (1) Weight (2)

ΔDb,t
A ΔDb,t

A � 􏽐t− kn�1w1s ln(An+k/An+k− 1) + 􏽐k− bn�1w
2
s ln(A

n+b/An+b− 1) w1s � ((D
t − Dk)/(ln(Dt) − ln(Dk))) w2s � ((D

k − Db)/(ln(Dk) − ln(Db)))

ΔDb,t
B ΔDb,t

B � 􏽐t− kn�1w1s ln(Bn+k/Bn+k− 1) + 􏽐k− bn�1w
2
s ln(B

n+b/Bn+b− 1) w1s � ((D
t − Dk)/(ln(Dt) − ln(Dk))) w2s � ((D

k − Db)/(ln(Dk) − ln(Db)))

ΔDb,t
C ΔDb,t

C � 􏽐t− kn�1w1s ln(Cn+k/Cn+k− 1) + 􏽐k− bn�1w
2
s ln(C

n+b/Cn+b− 1) w1s � ((D
t − Dk)/(ln(Dt) − ln(Dk))) w2s � ((D

k − Db)/(ln(Dk) − ln(Db)))
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∵ Dt − Db( 􏼁
ln Dt( ) − ln Db( 􏼁 � θ,

∵ Dn+b − Dn+b− 1( 􏼁
ln Dn+b( 􏼁 − ln Dn+b− 1( 􏼁 � λn+b, (n � 1, 2, . . . , (t − b)),

∴θ ln Dt

Db
􏼠 􏼡 � λt ln

Dt

Dt− 1
􏼠 􏼡 + λt− 1 ln

Dt− 1

Dt− 2
􏼠 􏼡 + · · · + λb+1 ln

Db+1

Db
􏼠 􏼡,

∵θ ln Dt

Db
􏼠 􏼡 � θ ln

Dt

Dt− 1
􏼠 􏼡 + θ ln

Dt− 1

Dt− 2
􏼠 􏼡 + · · · + θ ln

Db+1

Db
􏼠 􏼡,

∴ θ − λt􏼐 􏼑ln Dt

Dt− 1
􏼠 􏼡 + θ − λt− 1􏼐 􏼑ln Dt− 1

Dt− 2
􏼠 􏼡 + · · · + θ − λb+1􏼐 􏼑ln Db+1

Db
􏼠 􏼡 � 0,

∴ θ − λt􏼐 􏼑 Dt − Dt− 1( 􏼁
λt

+ θ − λt− 1􏼐 􏼑 Dt− 1 − Dt− 2( 􏼁
λt− 1

+ · · · + θ − λb+1􏼐 􏼑 Db+1 − Db( 􏼁
λb+1

� 0,

∴θ Dt − Dt− 1( 􏼁
λt

+ · · · +
θ Db+1 − Db( 􏼁

λb+1
� Dt

− Db􏼐 􏼑,

∴ 􏽘t
n�b+1

θ

λn
×
Dn − Dn− 1( 􏼁
Dt − Db( 􏼁 � 1.

(13)

*erefore, equation (13) reflects the relationship between
the pure LMDI approach and the weighted LMDI approach.

As for the relationship between the pure LMDI approach
and the comprehensive LMDI approach, in line with the
derivation process provided above and the weights set by
the comprehensive LMDI approach—(Dt − Db)/((t − b)ln
(Dn+b/Dn+b− 1)) � δn+b—we can obtain the following deri-
vation process:

∵θ Dt − Dt− 1( 􏼁
λt

+ · · · +
θ Db+1 − Db( 􏼁

λb+1
� Dt

− Db􏼐 􏼑,
∴ θ

(t − b)δt
+

θ

(t − b)δt− 1
+ · · · +

θ

(t − b)δb+1
� 1,

∴ 􏽘t
n�b+1

θ

(t − b)δn
� 1.

(14)
Evidently, the derivation of the relationship between

the pure LMDI approach and the comprehensive LMDI
approach comes from the derivation of the relationship
between the pure LMDI approach and the weighted LMDI
approach. Hence, there are (θ/λn) × ((Dn − Dn− 1)/(Dt −

Db)) � θ/((t − b)δn) and􏽐tn�b+1(θ/λn)× ((Dn − Dn− 1)/(Dt −

Db)) � 􏽐tn�b+1θ/((t − b)δn) � 1.

As for the relationship between the weights of the pure
LMDI approach and the scenario LMDI approach, we can easily
obtain equation (15) in accordancewith the following derivation:

∵ Dt − Dk( 􏼁
ln Dt( ) − ln Dk( 􏼁 � α,

∵ Dk − Db( 􏼁
ln Dk( 􏼁 − ln Db( 􏼁 � β, (b< k< t),

∴ ln Dt􏼐 􏼑 − ln Db􏼐 􏼑 � Dt − Dk( 􏼁
α

+
Dk − Db( 􏼁

β

�
Dt − Db( 􏼁

θ
,

∴θ Dt − Dk( 􏼁
α Dt − Db( 􏼁 +

θ Dk − Db( 􏼁
β Dt − Db( 􏼁 � 1.

(15)

2.2.2. Applicable Situation of the Four Extended Yearly LMDI
Approaches. Compared with the other three extended yearly
LMDI approaches, the pure LMDI approach has the ad-
vantage of identifying and comparing the yearly fluctuations

Table 4: *e comprehensive LMDI approach’s decomposition formula for the three driving factors.

Additive decomposition formula Weight

ΔDb,t
A ΔDb,t

A � 􏽐t− b
n�1wc ln(A

n+b/An+b− 1) wc � ((D
t − Db)/((t − b)ln(Dn+b/Dn+b− 1)))

ΔDb,t
B ΔDb,t

B � 􏽐t− b
n�1wc ln(B

n+b/Bn+b− 1) wc � ((D
t − Db)/((t − b)ln(Dn+b/Dn+b− 1)))

ΔDb,t
C ΔDb,t

C � 􏽐t− b
n�1wc ln(C

n+b/Cn+b− 1) wc � ((D
t − Db)/(t − b)ln(Dn+b/Dn+b− 1))
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of a driver’s changes, excluding the influences of different
weights since the weights remain unchanged every year.
Additionally, since the weight adopted by the pure LMDI
approach relies only on the base and reporting years, the
effects of the drivers calculated may only reflect the long-
term trends of the indicator (such as energy consumption),
ignoring the changes in the short-term trends and external
situation. Hence, the pure LMDI approach may be adopted in
several situations: (1) identifying and comparing the yearly
fluctuations of the drivers themselves, not considering changes
in the short-term trends and external situation of the indicator;
(2) a research period that is not very long; and (3) no major
external events occurred or events that occurred did not greatly
impact the external situation during the study period.

As for the weighted LMDI approach, the settings of the
weights depend on consecutive two-year periods and change
yearly. Hence, the effects of the drivers decomposed by this
method reflect changes in the driving factors and short-term
trends of the indicator (such as energy consumption). Com-
pared with the pure LMDI approach, the weights set by the
weighted LMDI approach change every year. Hence, it can
better reflect any changes in short-term trends in detail no
matter how big or small the external shocks occurred during
the period; however, since both the weights and driving factors
change every year, it is difficult to identify the fluctuations
caused by the drivers’ changes. At the same time, although the
weighted LMDI approach can capture short-term changes, it
cannot identify the point in time at which great short-term
changes happened. And the weighted LMDI approach may
ignore the long-term trends of the indicator because its weights
cannot consider the base and reporting year at the same time.
*erefore, the weighted LMDI approach may be adopted in
several situations: (1) analyzing the yearly effects, which also
considers the short-term trends of the indicator; (2) long re-
search periods in which it is uncertain whether major external
factors will occur during the research period; and (3) as a
supplement to the pure LMDI approach.

As for the comprehensive LMDI approach and the scenario
LMDI approach, these two methods can complement each
other and make up for each other’s shortcomings. A com-
prehensive LMDI approach cannot be used alone to analyze the
effects of the drivers because its weight will fluctuate drastically
if the short-term trends of the indicator (such as energy con-
sumption) are not consistent with the long-term trends (i.e.,
there were major external shocks during this time that influ-
enced the development trends of the indicator). However, it can
be adopted to better analyze the time at which major external
shocks happened and affected the development trend.

Based on the point in time provided by the comprehensive
LMDI approach, the scenario LMDI approach can more
reasonably divide the long period of time into multiple short
periods instead of presupposing the time at which the external
shock influences the external situation and causes a structural
mutation. *is approach can more reasonably analyze the
yearly effects of drivers, considering the substantial changes in
the external situation. Simultaneously, it helps to partially
compare and analyze fluctuations purely caused by changes in
the drivers themselves during the divided period since the
weights are identical during a specific divided period.

*erefore, the comprehensive LMDI approach and
scenario LMDI approach may be combined and adopted in
several situations: (1) analyzing the yearly effects of drivers,
which considers changes in the external situation of the
indicator (such as energy consumption and carbon emis-
sions); (2) if the interval between the base and reporting
years is too long, and there are major external shocks during
this time that could influence the external situation; and (3)
partially comparing fluctuations purely caused by changes in
the drivers themselves during the divided period.

In conclusion, the advantages and disadvantages of each
approach are summarized in Table 5, which is helpful to
compare these four more intuitively.

3. Case Study Results and Discussion

In this section, we use China’s energy consumption as a case
study and first adopt the original LMDI approach to explore
the effects of driving factors on China’s energy consumption
from 1980 to 2016, thereby considering only the base and
reporting years. *en, we further analyze them based on the
four extended LMDI approaches to analyze the yearly effects
of the drivers and make comparisons between the original
LMDI approach and the extended yearly LMDI approaches.

To make our case study easy to understand, we adopted
the IPAT model, which has been widely used in previous
studies [18–20]:

Et �
Et

Yt
×
Yt

Pt
× Pt. (16)

According to the definition of the IPATmodel [21], Et/Yt

represents energy intensity, reflecting technological progress;
Yt/Pt represents the gross domestic product (GDP) per
capita, reflecting the level of economic development; and Pt

represents China’s population. For simplicity, we use EIt and
PYt to, respectively, represent Et/Yt and Yt/Pt.

3.1. Data. *e data include energy consumption, economic
output, and population. All data concerning total energy
consumption were obtained from the China Energy Sta-
tistics Yearbook [22]. Economic output was expressed as the
GDP, and relevant data were obtained from the China
Statistical Yearbook [23]. We used constant prices for the
GDP (with a base year of 1978). *ese data have been widely
used in previous studies (e.g., [24, 25].

3.2. Empirical Results Based on the LMDI Approach. We first
adopt the original LMDI approach to study the long-term
effects of energy intensity, GDP per capita, and population
on China’s energy consumption (we set 1980 as the base
year, and then set each year in the period 1981–2016 as the
reporting year). *e results are represented in Figure 1.

Evidently, the effects of energy intensity were continu-
ously negative. *e energy-saving effect of the energy in-
tensity becomes increasingly stronger, and both the GDP per
capita and population continuously result in an increase in
energy consumption.
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In accordance with the shortcomings of the original
LMDI approach, if there were huge fluctuations in energy
consumption or its decomposed drivers and only the base
and reporting years were considered, changes during the
middle of the period would be difficult to capture. We
therefore developed Figure 2 to demonstrate the changes in
energy consumption and the three drivers. Obviously, the
energy intensity was not continuously decreasing from 1980
to 2016 and there were evident fluctuations that happened
during 2001 to 2004. Hence, the energy intensity may fail to
continuously lead to a reduction in the energy consumption.
We should further adopt the extended yearly LMDI ap-
proaches to estimate the yearly effects of the three drivers on
China’s energy consumption, which will allow us to capture
more detailed information about the fluctuations.

3.3. Empirical Results Based on Four Extended Yearly LMDI
Approaches

3.3.1. Effects of Driving Factors Based on the Pure LMDI
Approach. We first adopt the pure LMDI approach to

estimate the yearly effects of driving factors on China’s
energy consumption during 1980–2016, and the result is
represented in the first panel of Figure 3. Among them, YEI,
YPY, and YP, respectively, represent the effects of energy
intensity, GDP per capita, and population on China’s
energy consumption calculated via the pure LMDI
approach.

Obviously, the results estimated by the pure LMDI
approach were very different from those estimated by the
original LMDI approach. In accordance with Figure 1, there
was no fluctuation in the effects of the three drivers on
energy consumption, while the first panel of Figure 3
demonstrates great fluctuations in the effects of energy
intensity and GDP per capita. In accordance with Figure 1,
the long-term effects of energy intensity were constantly
negative in the period 1980–2016. However, according to
the first panel of Figure 3, the energy intensity failed to
reduce China’s energy consumption in the period
2001–2004.

Evidently, if we only pay attention to the base and
reporting years, we may ignore the abnormal yearly effects
of drivers and miss substantial information. Even though
the GDP per capita constantly resulted in an increase in
China’s energy consumption, its influences on energy
consumption became very small in the period of
1988–1990, which cannot be seen in Figure 1. *is further
confirms the shortcomings of the original LMDI approach
when the research period is long, which ignores fluctua-
tions in the middle of the research period, making the
extended approaches necessary.

Since the pure LMDI approach maintains the same
weights every year, the fluctuations in the drivers themselves
are easy to identify. We found that the GDP per capita and
energy intensity fluctuated during 1980–2016, while the
population remained relatively stable.

3.3.2. Effects of Driving Factors Based on the Weighted LMDI
Approach. *e second panel of Figure 3 represents the
empirical results calculated by the weighted LMDI approach.
Among them, WEI, WPY, and WP, respectively, represent
the effects of energy intensity, GDP per capita, and

Table 5: *e summarized advantages and disadvantages of the four extended yearly LMDI approaches.

Type Advantages Disadvantages

Pure LMDI
(1) *e weights remain unchanged every year
(2) Good at identifying and comparing the yearly
fluctuations of the drivers themselves

(1) Not sensitive about major external events that may
greatly influence the external situation during the study
period

Weighted LMDI (1) Sensitive about the short-term trends of the indicator
(1) Not good at excluding the impacts of changed weights
(2) Cannot identify the yearly fluctuations of the drivers
themselves

Comprehensive
LMDI

(1) *e short-term and long-term changes of the
indicators are both put into consideration
(2) Better identify the point in time at which the external
shock caused the structural mutation

(1) Cannot be used alone to analyze effects of the drivers
because its weight will fluctuate drastically

Scenario LMDI
(1) More reasonably analyze the yearly effects of drivers,
considering the substantial changes in the external
situation

(1) Not able to provide the point in time at which the
structural mutation happened
(2) Have to presuppose the point in time at which the
external shock caused the structural mutation

1980 1990 2000 2010 2020

–2000

0

2000

4000

6000

Year

EII

PY

P

Figure 1: Long-term effects of driving factors on China’s energy
consumption based on the original LMDI approach (unit: million
tons of standard coal).
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population on China’s energy consumption calculated by the
weighted LMDI approach.

Obviously, the empirical results estimated by the weighted
LMDI approach were also very different from those provided
in Figure 1. In a similar manner as the pure LMDI approach,
the yearly effects of the driving factors on energy con-
sumption calculated by the weighted LMDI approach also
fluctuated during 1980–2016. However, the magnitude of the
effects’ fluctuations measured by the two methods and the
oscillation points have significant differences.

Since the weights adopted by the pure LMDI approach
and the weighted LMDI approach, respectively, reflect
changes in the long-term and short-term trends of energy
consumption, the different empirical results may indicate
that the short-term trends were not consistent with the long-
term trends and that there were changes in the external
situation that influenced the development trends of energy
consumption during 1980–2016; however, we cannot clearly
identify when the external situation changed if we only adopt
the pure or weighted LMDI approach.

3.3.3. Effects of Driving Factors Based on the Comprehensive
LMDI Approach. *e third panel of Figure 3 represents the
empirical results estimated by the comprehensive LMDI
approach. Among them, CEI, CPY, and CP, respectively,
represent the effects of energy intensity, GDP per capita, and
population on China’s energy consumption calculated by the
comprehensive LMDI approach.

In accordance with the weight set established by the
comprehensive LMDI approach, it is evident that the weight
reflects both changes in the short-term and long-term trends
of energy consumption. Normally, if the short-term and
long-term trends of energy consumption are consistent (i.e.,
there were no structural mutations caused by external
shocks), the weights calculated will be stable; however, if the
short-term trends in energy consumption are significantly
inconsistent with the long-term trends, the results of the
calculation will oscillate substantially.

According to the third panel of Figure 3, we found that the
effects of the driving factors on energy consumption were
stable in most years, while they intensely fluctuated in ∼1998
and 2015, indicating that there were structural mutations that
happened in the development trend of energy consumption.

Notably, on November 1, 1997, the 28th meeting of the
Standing Committee of the Eighth National People’s Con-
gress passed the “Energy Conservation Law of the People’s
Republic of China.” *e establishment of the “Energy
Conservation Law of the People’s Republic of China” in-
dicated that China officially adopted the goal of saving
energy and improving energy efficiency throughout the
society from a legal perspective. *is may explain why there
was a fluctuation that occurred in 1998. Simultaneously,
since the Chinese President Jinping  i came to power in
2012, he has continuously emphasized the importance of the
ecological environment and proposed the idea of green
development. In 2015, the Fifth Plenary Session of the 18th

Central Committee put forward the concept of green
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Figure 2: Yearly effects of driving factors on China’s energy consumption based on the four extended LMDI approaches (unit: million tons
of standard coal).
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development and regarded green development as a long-
term development concept. *is may explain the other
fluctuation that happened in 2015.

In conclusion, a comprehensive LMDI approach helps to
identify the time at which structural mutations (i.e., sig-
nificant changes in the external situation) happened, com-
pared with the pure and weighted LMDI approaches.

3.3.4. Effects of Driving Factors Based on the Scenario LMDI
Approach. In line with the empirical results provided by the
comprehensive LMDI approach, we found that there were
two large structural mutations that happened in 1998 and
2015 and the mutations may have come from significant
external shocks.

Hence, we set three different weights in the periods of
1980–1998, 1998–2015, and 2015–2016 and we adopted the
scenario LMDI approach to estimate the yearly effects of
drivers on China’s energy consumption. *e results are
presented in the fourth panel of Figure 3. Among them, SEI,
SPY, and SP, respectively, represent the effects of energy
intensity, GDP per capita, and population on China’s
energy consumption calculated by the scenario LMDI
approach.

Evidently, the yearly effects of energy intensity and GDP
per capita on energy consumption were similar to the effects
calculated by the weighted LMDI approach. *is indicates

that the scenario LMDI approach is also helpful for con-
sidering notable changes in the external situation.

3.4. Relationships among the Four Extended LMDI
Approaches. Considering that the energy intensity trend
showed huge fluctuations during 1980–2016, we use energy
intensity as an example for comparison among the four
approaches. Additionally, in order to facilitate comparison
with the other three methods, we remove the mutation
points estimated by the comprehensive LMDI approach
since their fluctuation amplitudes were far greater than those
of others; the results are shown in Figure 4.

As expected, we found that the results estimated by the
pure LMDI approach were very different from those cal-
culated by weighted and scenario LMDI approaches (since
comprehensive LMDI is mainly used to identify the point in
time at which the external shock caused the structural
mutation and is not suitable for analyzing the effects of
driving factors, we do not compare it directly with the other
three methods). *is may be because both weighted and
scenario LMDI approaches put the short-term fluctuations
caused by the external shocks into consideration, while the
pure LMDI approach only focused on long-term trends. We
found that the trendsmeasured by the weighted and scenario
LMDI approaches were close; this may be because both
approaches help reflect changes in the external situation.
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Figure 3: Yearly effects of driving factors on China’s energy consumption based on four extended LMDI approaches (unit: million tons of
standard coal). *e four panels sequentially represent results estimated by pure, weighted, comprehensive, and scenario LMDI approaches.
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In addition, even though the results estimated by the
pure LMDI approach were very different from those of the
others, there are also some mathematical relationships to
consider between the pure approach and the proposed
alternatives.

According to the methodology provided in Section 2.1, the
pure LMDI approach has the following respective mathe-
matical relationships with the weighted LMDI approach and
comprehensive LMDI approach: 􏽐2016

1981(θ/λ
n
) ×

((En − En− 1)/(Et − Eb)) � 􏽐2016
1981(θ/36δ

n) � 1. In order to
confirm the results, we set Rn � 􏽐n1981(θ/λn) × ((En − En− 1)/
(Et − Eb)) � 􏽐n1981θ/36δn (n � 1981, . . . , 2016) and draw a
picture about Rn in Figure 5.

As can be seen in Figure 5, it is obvious that the last
column is equal to 1. Hence, the equation 􏽐nn�1981(θ/λn) ×
((En − En− 1)/(Et − Eb)) � 􏽐nn�1981(θ/36δn) � 1 will be
established when n equals 2016, which is consistent with our
derived equations (13) and (14).

And in accordance with the mathematical relationship
between the pure LMDI approach and scenario LMDI

approach derived in methodology, we can obtain the
following equation: ((θ(E1998 − E1980))/(α(E2016 − E1980)))+
((θ(E2014 − E1998))/β(E2016− E1980))+(θ(E2016− E2014)/c(E2016−
E1980)) �1. Among them, θ represents the weights estimated
by the pure LMDI approach, while α, β, and c represent the
weights, respectively, adopted in the periods 1980–1988,
1988–2014, and 2014–2016, in line with the scenario LMDI
approach.

To confirm the result, we set Xi(i � 1, 2, 3, 4), which se-
quentially represents ((θ(E1998 − E1980))/(α(E2016− E1980))),
((θ(E2014 − E1998))/(β(E2016 − E1980))), ((θ(E2016− E2014))/
(c(E2016 − E1980))), and ((θ(E1998 − E1980))/(α(E2016 −
E1980)))+((θ(E2014 − E1998))/ (β(E2016 − E1980)))+((θ(E2016 −
E2014))/ (c(E2016 − E1980))). *en, we draw a picture about
Xi(i�1,2,3,4), which is demonstrated in Figure 6.

It is obvious that the last column is equal to 1. *erefore,
it confirms that X4 is equal to 1 (i.e., ((θ(E1998 − E1980))/
(α(E2016 − E1980)))+((θ(E2014 − E1998))/(β(E2016− E1980)))+
((θ(E2016 − E2014))/(c(E2016 − E1980))) � 1), which is consis-
tent with our derived equation (15).
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Figure 4: Yearly effects of energy intensity on China’s energy consumption based on four extended LMDI approaches (unit: million tons of
standard coal). YEI,WEI, CEI, and SEI, respectively, represent yearly effects of energy intensity estimated by pure, weighted, comprehensive,
and scenario LMDI approaches.
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4. Conclusions

Although the original LMDI approach has been widely
adopted, it has many shortcomings. Since the original LMDI
approach only considers the base and reporting years, if the
research period is long, substantial information in the
middle of the research period will be ignored. If there are
huge fluctuations in the indicators (such as energy con-
sumption or carbon emissions) or their drivers (such as
energy intensity or carbon intensity) during the research
period, it will be difficult to capture them and studies will not
be able to obtain comprehensive conclusions. For example, if
the indicator (or its driver) has a U-shaped change and
studies use the original LMDI approach, which only focuses
on the base and reporting years, then the researchers will
conclude that the indicator (or drivers) has no change (or no
effect). Obviously, such a conclusion is not comprehensive
and is inaccurate.

*us, we introduced four yearly extended LMDI ap-
proaches to better capture different fluctuations in the in-
dicator or its drivers. Additionally, we adopted a case study
of China’s energy consumption as a convincing example of
the applicability of these approaches. Based on the original
LMDI approach, we cannot capture the fluctuation of the
effects of energy intensity and may draw an inaccurate
conclusion that the energy intensity led to continuously
reduced energy consumption during 1980–2016. However,
the extended yearly LMDI approach will capture detailed
information that the energy intensity failed to reduce energy
consumption during 2001–2004.

*e four extended yearly LMDI approaches have their
own advantages and disadvantages. Overall, the pure LMDI
approach focuses more attention on long-term trends of the
indicator and can better reflect fluctuations of the driving
factors themselves, excluding influences caused by changes
in weights, but it cannot reflect changes in the external
situation of the indicator (such as new taxes on energy
consumption or carbon emissions). *e weighted LMDI
focuses more attention on any large or small changes in
short-term trends and the external situation, but it fails to
identify and compare fluctuations caused by changes in the
driving factors themselves. *e comprehensive LMDI ap-
proach helps to identify the point in time at which changes in
the external situation happened, and the scenario LMDI
approach helps to consider great changes in external situ-
ation and partially compare fluctuations in the driving
factors themselves during a specific divided period. Hence,
the comprehensive LMDI approach and scenario LMDI
approach can be combined together to make up for each
other’s shortcomings and can better consider substantial
changes in the external situation.

Additionally, although the different weight settings of the
four approaches have a certain mathematical relationship,
they have very different applicable meanings, which rely on
research goals. If scholars hope to focus more on fluctuations
purely caused by changes in driving factors themselves, they
may adopt the pure LMDI approach; if they focusmore on the
short-term trends of the indicator and hope to capture any
detailed changes in the external situation of the indicator, the
weighted LMDI approach may be adopted; if they consider
significant changes in the external situation and hope to
partially analyze the fluctuations of drivers in a specific di-
vided period, the comprehensive and scenario LMDI ap-
proaches should be adopted simultaneously.
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id�N2014030143&name�YC M_E&floor�1) and relevant
data of economic output were obtained from the China
Statistical Yearbook (http://www.stats.gov.cn/tjsj/ndsj).
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