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From the microperspective, climate change restricts human life in many aspects, and it aﬀects the regional economic system from
the macroperspective. The paper presents an inoperability input-output model (IIM) that is an extension approach of the Leontief
input-output model. The IIM is able to provide a feasible methodology for measuring the impact of vulnerable economic factors
on the whole economic system and identifying the key adaptation trajectory of the economic system. The IIM is applied in Tianjin
to explore its dilemmas facing the increased demand for electricity, water, and public health service sectors under the RCP2.5,
RCP4.5, and RCP8.5 climate scenarios. The results indicated that the inoperability ranking of all economic sectors is the same
under the three climate scenarios. The key adaptation trajectory in Tianjin is S40, S27, S25, S17, S12, S02, S21, S16, S09, S24, S29,
S33, S19, S13, and S15 sector in order. The costs required by the key adaptation trajectory to adapt to climate change account for
more than 90% of that required by the whole economic system. These results can be helpful for policy-makers to prioritize sectors
in terms of climate adaptation and understand the eﬃcacy of climate change risk mitigation strategies.

1. Introduction
Due to the considerable inertia of greenhouse gases, even if
the current greenhouse gas emissions are not increasing,
global warming is expected to continue in the coming decades, which may bring signiﬁcant risks related to climate
warming to present and future generations [1, 2]. According
to the Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change (IPCC, a list of abbreviations and symbols for the manuscript is shown in Table 1)
[3], global climate warming is likely to accelerate and cause
more frequent extreme climate events, making human beings and regional economic systems more vulnerable to
climate change. Failure to eﬀectively adapt to climate change
could lead to serious short-term and long-term problems,
which could result in huge costs to regional development [4].
A signiﬁcant feature of climate change is that its impact
is no longer within ﬁxed sector boundaries [5]. Similarly,
when climate change adaptation strategies primarily focus
on individual sectors, it can be useless or only be valuable on
a smaller scale. When some individual economic sectors in

the regional economic system are aﬀected by climate change,
the sectors cannot operate normally and cannot recover
quickly by themselves, which may further lead to many other
sectors unable to operate as planned, and even threaten the
security of the regional economic system. Therefore, more
and more scholars are calling for a more holistic understanding of climate vulnerability and key adaptation trajectory of the regional economic system to coordinate the
eﬀorts of various sectors to improve the regional capacity to
adapt to the inevitable climate change [6].
These climate change impact and risk may also restrict
human life in many aspects [7]. Climate change adaptation
aims to reduce or manage the impact of climate change on
people’s lives, which is bound to increase regional demand
for electricity [8], water [9, 10], and health services [11, 12].
The best climate change adaptation practice in a region
depends on the reasonable combination of available resource
endowment and its optimal allocation [13]. Due to the
limitation of social wealth accumulation, the cost of adaptation to climate change cannot be aﬀorded by the individual
vulnerable sectors [14]. Therefore, it is of great signiﬁcance
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Table 1: List of symbols for the manuscript.

Symbol
IIM
IPCC
AR5
RCPs
xi
xij
yi
aij
X
A
Y
L
xsj
b(s)
ij
vj
(Xs )T
B(s)
VT
G
xdk
xsk
V(d)
q
V
diag(V)
K
T
Elect
Elect
Watet
Watet
Healt
Healt

Description
Inoperability input-output model
Intergovernmental panel on climate change
IPCC’s ﬁfth assessment report
Representative concentration pathways proposed in IPCC’s AR5
The output of sector i
Intermediate demand of sector j from sector i
Final demand of sector i
Direct-input coeﬃcient
Sector outputs vector
Technological coeﬃcient matrix
Final demand vector
The Leontief inverse matrix
Production capacity of sector j
Direct-output coeﬃcient
Value-added component
Row vector of sector supply
Direct-output coeﬃcient matrix
Row vector of value-added items
The output inverse matrix
Total regional demand for the products of sector k
Product supply of sector k
The value-added vector required by the economic system when the social ﬁnal demand have changed
The sector inoperability vector of the economic system
The current value-added vector of the economic system
a resulting diagonal matrix constructed from the given vector V
The sector resilience coeﬃcient matrix
Temperature anomaly in period t
Electricity demand in period t
Electricity demand in period t without climate warming
Water demand in period t
Water demand in period t without climate warming
Regional demand for health service in period t
Regional demand for health service in period t without climate warming

to identify the key adaptation trajectory in the economic
system and to further promote the eﬃciency of the regional
economic system to adapt to climate change.
In the ﬁeld of climate vulnerability and climate adaptation study, current research on the economic system climate adaptation indicates that theoretical explanations for
regional economic system climate vulnerability and the key
adaptation sectors are not very clear [15]. To this motivation,
the paper tries to cast light on the regional economic system
climate vulnerability and the key adaptation trajectory by
integrating insights on the increasing demand required by
adaptation to climate change, and the regional supply capacity constraint.
The remainder of this paper is organized as follows:
Section 2 reviews the related literature about climate change
vulnerability and climate adaptation. Section 3 elaborates the
methodological framework. Section 4 presents an empirical
analysis, followed by some conclusions and policy implications of the paper in Section 5.

2. Literature Review
How to adapt to climate change is a complex issue, which
involves many aspects of knowledge in many ﬁelds. In this

section, we introduced a series of studies related to adaptation to climate change. We conduct a systematic literature
review on the driving factors and obstacles of climate change
adaptation, which economic sectors are vulnerable to climate change, and key points for adapting to climate change
in diﬀerent regions. The existing kinds of literature are of
great help to further study the climate change vulnerability
and key adaptation trajectory of the regional economic
system in this research.
The terminology of climate change adaptation was ﬁrst
proposed by the Assessment Reports of the IPCC [16], and it
was dominated by general and ambiguous terms when
climate change vulnerability assessment was the major ﬁeld
of adaption research. The diverse aspects involved together
with the lack of a holistic understanding of them constitute
many barriers to collaboration across disciplines in climate
change adaptation studies [17].
In the last decades, more and more studies tried to ﬁnd
out the driving factors and obstacles of regional adaptation
to climate warming, especially after the emergence of the
Private Proactive Adaptation to Climate Change model
proposed by Grothmann and Patt [18]. Due to the lack of
systematic tools to study climate change adaptation, most
research mainly focuses on qualitative research and meta-
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analysis of adaptation case studies. More eﬀort is needed to
better understand climate change vulnerability and facilitate
the region to formulate practical strategies for climate
change adaptation, especially on its aspects related to the
economic conditions.
Scholars try to open the door to climate change adaptation research by studying which economic sectors are
more vulnerable. The electricity sector is the ﬁrst sector that
attracts the attention of scholars. The literature has extensively studied how climatic variables, especially temperature,
inﬂuence electricity consumption. This relationship has
received increased attention in light of potential climate
change because social electricity demand is increasing due to
climate change. Eskeland and Mideksa explored the relationship between electricity consumption and outdoor
temperature in thirty-one European countries, and their
results illustrated that temperature has a statistically signiﬁcant eﬀect on electricity demand [19]. Deschênes and
Greenstone suggested that the net eﬀect of climate warming
over the 21st century is likely to increase electricity demand
substantially [20]. Auﬀhammer and Aroonruengsawat
simulated the impact of warming temperatures caused by
climate change on residential electricity consumption in
California, and they suggested that holding the population
constant, the total electricity fee for the households may
increase by up to 55% by the end of the century [21]. In
addition to the increasing eﬀect, Auﬀhammer et al. thought
the impact of climate change on the frequency and intensity
of peak load will be greater [22]. Li et al. explored how
electricity demand would change in Shanghai (China) in the
context of climate change, and they found that a 1°C increase
in daily temperatures may lead to around a 14.5% increase in
electricity demand [23].
The water sector is also one of the most vulnerable
sectors, which has attracted many scholars’ attention.
Trærup and Stephan studied the role of the water sector in
the context of climate change in Lebanon, and they
thought that the regional demand for water is inevitably
increasing in order to adapt to climate change and watersaving technologies would be necessary in the future [24].
Harrison et al. explored cross-sectoral impact of climate
change in Europe and they believed that the water sector
was the key sector for regional climate change adaptation
strategies [25]. Lengoasa studied the impact of climate
change on water availability and considered that water
security is critical for climate change adaptation [26].
Kundzewicz et al. conducted a brief assessment of climate
change and associated impact on the water sector in
Poland, and they suggested that ensuring the supply for
various types of water is the basis of regional climate
change adaptation strategies [27]. Verbist et al. conducted
a vulnerability test for climate change impact on water
security using climate risk-informed decision analysis, and
the results emphasized the vulnerability of water sector to
climate change [28].
As the threat of climate change to human health is
becoming more and more obvious, the health sector has
been increasingly concerned by many scholars. Both epidemiology and economics literature pointed out the
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detrimental eﬀects of climate warming on mortality, prenatal health, and human health in recent years [29]. Numerous recent studies have investigated the impact of
climate change on the health care and social welfare sector,
both in developed and in developing countries [30, 31]. The
Lancet suggested that human health has been now recognized as one of the most serious inﬂuenced areas of climate
change and therefore should be a global research priority
[32]. Gökçeku and Al-othman showed the health impact of
climate change with projected trends in climate-related
health, and they thought that climate change may aﬀect
human health in many ways: through the inﬂuences on
disease environment and through changes in the daily
temperature [30]. Ye et al. considered climate change is
aﬀecting human health in a profound manner, and it
contributes to the regional burden of disease, which increases the demand for the health sector and makes health
services scarce, especially in developing countries [11].
There are also some studies conducted on how regions
and/or countries have adapted to climate change, especially
in vulnerable areas. Hinkel et al. assessed the sea-level rise
impact on Africa at continental and national scales as well as
the beneﬁts of applying climate adaptation measures, and
they thought that in 2100, 16–27 million people would
expect to be ﬂooded per year, and annual damage costs range
between US$ 5 and US$ 9 billion if no adaptation takes place
[33]. Costa et al. estimated the costs of climate adaptation in
developing regions by an empirical approach, and they
suggested that the investments associated with the understanding and planning of climate adaptation be more signiﬁcant when compared with implementing infrastructure
[15]. Canosa et al. (2020) thought that climate adaptation is a
priority for Arctic regions that suﬀer more from climate
change globally, and they suggested that adaptation should
be a central component of climate policy [34]. Petzold et al.
studied the role of indigenous knowledge on climate change
adaptation through a global evidence map of academic
literature, and their results showed that there are adaptation
knowledge gaps in northern and central Africa, South
America, northern Asia, Australia, and urban areas [35].
Ledda et al. found out that the current climate adaptation
plan in many regions could not fully work because of failing
to include key adaptation sectors and actions [36]. To design
eﬀective regional climate adaptation plan, decision-makers
need a state-of-the-art, regional, and sector-speciﬁc
knowledge [37].
When reviewing the literature on climate change adaptation, we ﬁnd that most of them focused on a single
aspect of the economic system or focused on speciﬁc adaptation measures. It is necessary to scale-up insights from a
single sector study to multisector economic system research
on climate change adaptation. The shift toward economic
system research methods requires complementing previous
work on climate change vulnerability and climate adaptation
with some comprehensive social science perspective. Climate change vulnerability and climate adaptation research is
a typical transdisciplinary study ﬁeld involving various
methods originating from both natural and social science
disciplines [38].
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Climate change adaptation has become a practical necessity, which has been progressing from around ﬁelds
concerning adaptation costs and beneﬁts to a much wider
array of aspects, related to the economic institution, development, and equity, as highlighted by the emerging
climate adaptation science [39]. Hence, the array of methods
applied needs to expand considerably and especially in the
domain of social sciences. The input-output model and its
extension approaches are particularly valuable in analyzing
such dilemmas as they are adept in investigating how
economic conditions give rise to certain types of regional
dilemma [40]. The input-output approaches provide a
possible method for regional climate adaptation research to
deepen understanding of economic system climate vulnerability and key adaptation trajectory, and then formulate
targeted solutions.
The aim of this study is to provide a feasible methodology for measuring the impact of vulnerable economic
factors on the whole economic system and identifying the
key adaptation trajectory of the economic system. While
climate change directly aﬀects many sectors, the paper can
only partially select some of the most vulnerable sectors as
original inducing sectors due to the lack of quantifying
functions applied in measuring how climate change directly
aﬀects their demands. Nevertheless, we hope that the study
can advance the disclosure of this signiﬁcant and complex
ﬁeld of climate change vulnerability and climate adaptation
in a relatively clear and structured manner.

3. Methodology
The input-output model was proposed by W. W. Leontief
and has been adopted and developed by many scholars [41].
With the help of the input-output technique, we attempt to
explore the response of the whole regional economic system
and the key climate adaptation trajectory when some vulnerable sectors are directly aﬀected by climate change. In our
modelling framework, we take into account sector supply
capacities because of the constraints of production
resources.
3.1. Input-Output Model Background. The basic Leontief
input-output model is mainly constructed from the observed
economic data for a speciﬁc geographic area (nation, city,
county, etc.). The model is elaborating on the activity of a set
of industries that both produce goods (outputs) and also
consume goods from other industries (inputs) in the process
of producing each industry’s own products. The model
exhibits the economic activity among regional sectors,
concerned with exploring the interdependency of a region’s
producing and demanding units based on their cross
transactions. Its based data are the product/service ﬂows
from each of the sectors (as a producer) to each of the sectors
(as a purchaser), where the interindustry ﬂows are measured
for a particular time period (usually in one year) and in
monetary terms. The Leontief input-output model helps
itself well to showing the interdependencies of the economic
system. It is usually being used to analyze multisector
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modelling for policy analysis from the whole regional
perspective. An economy system can be expressed by the
Leontief input-output model as shown in Figure 1.
As shown in Figure 1, consider n sectors in the economic
system, and the row balance equation is given as
n

N

xi �  xij + yi ⇔ xi �  aij xj + yi ,
j�1

i, j � 1, 2, . . . , n,

j�1

(1)
where xi is the output of sector i, xij is the intermediate
demand of sector j from sector i, yi is the ﬁnal demand of
sector i, and aij is the direct-input coeﬃcient (aij � xij /xj ).
Let
x1
⎤⎥
⎡⎢⎢⎢
⎢⎢⎢ x2 ⎥⎥⎥⎥
⎥,
X � ⎢⎢⎢
⎢⎣ ⋮ ⎥⎥⎥⎦
xn
a11 a12
⎡⎢⎢⎢
⎢⎢ a21 a22
A � ⎢⎢⎢⎢⎢
⎢⎢⎣ ⋮ ⋮
an1 an2
y1
⎤⎥
⎡⎢⎢⎢
⎢⎢⎢ y2 ⎥⎥⎥⎥⎥
⎥.
Y � ⎢⎢⎢
⎢⎣ ⋮ ⎥⎥⎥⎦
yn

· · · a1n

⎤⎥⎥
· · · a2n ⎥⎥⎥⎥
⎥⎥⎥,
⋱ ⋮ ⎥⎥⎥⎦
· · · ann

(2)

The Leontief input-output model can be described in the
following matrix form:
X � AX + Y,

(3)

where X is the sector outputs vector, A is the technological
coeﬃcients matrix, and Y is the ﬁnal demand vector. Here,
equation (3) is parallel to equation (1), which is generally
used to denote a set of linear equations. Equation (3) is just a
standard form in input-output analysis, and the diﬀerence
between equations (3) and (1) is purely notational.
Let I be the n × n identity matrix, that is, ones on the
main diagonal and zeros elsewhere:
1
⎡⎢⎢⎢
⎢⎢⎢ 0
I � ⎢⎢⎢⎢⎢
⎢⎢⎢ ⋮
⎣
0

0 ··· 0

⎤⎥⎥
1 · · · 0 ⎥⎥⎥⎥
⎥⎥⎥,
⋮ ⋱ ⋮ ⎥⎥⎥⎥⎦

(4)

0 ··· 1

then
⎡⎢⎢⎢
⎢⎢⎢
(I − A) � ⎢⎢⎢⎢⎢
⎢⎢⎢
⎣

1 − a11 
− a21

− a12

···

− a1n

1 − a22  · · ·

− a2n

⋮

⋮

⋱

⋮

− an1

− an2

···

1 − ann 

⎤⎥⎥⎥
⎥⎥⎥
⎥⎥⎥.
⎥⎥⎥
⎥⎥⎦

(5)

And then the n × n economic system shown in equation
(3) can be expressed as follows:
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Industry

Industry
Intermediate transaction
{xij} ∀ i, j

5
n

Final demand
(Y)

Total output
(X)

Total input
(XT)

Figure 1: The Leontief input-output model.

(6)

As for a given Y, the sector output X is given by (for a
given set of Y, whether there is a unique solution of X or not
depends on whether (I − A) is singular or not. As in other
studies, the paper also assumes that |I − A| ≠ 0 here, so we
can get (I − A)− 1 )
X � (I − A)− 1 Y � LY,

i�1

∀j � 1, 2, . . . , n,

i�1

(8)

Value added
(VT)

(I − A)X � Y.

n

xsj �  xij + vj ⇔ xsj �  b(s)
ij xi + vj ,

(7)

where L is a mnemonic for “(I − A)− 1 ,” which is also known
as the Leontief inverse. Based on equation (7), we can see
that an increase in Y induces an associated increase in X.
From the economic system form depicted by the Leontief
input-output model, we can see that it is a demand-driven
input-output model, where the Leontief inverse connects
sector gross outputs with the amount of ﬁnal demand, that is,
the amount of products leaving the interindustry system and
directly consumed by the society. The sector output deﬁned in
the Leontief input-output model is the total output required
by the economic system to meet the gross intermediate demand and ﬁnal demand of the society. The basic assumption
of the Leontief input-output model is the direct-input coefﬁcients (aij ) are ﬁxed in the economic system.
3.2. Supply-Side Input-Output Model. The supply-side inputoutput model was presented by Miller and Blair [42]. It is an
alternative input-output model based on the same economic
data set that underpins the Leontief input-output model in
Section 3.1. The supply-side input-output model emphasizes
that the production factors in some situations may become
the determinant in an economic system, when the demands
are increasing or when there is a general limitation of resources. Due to the constraints of human resources, capital,
and other resources, the supply capacity of the regional
economic system may not be able to meet the increasing
demand caused by climate change. The supply-side inputoutput model deﬁnes the balanced equation for the economy
from the perspective of the value formation of the output of
each sector. Referring to the interindustry output formation
matrix given in Figure 2, we can see that the total sector
output can be derived alternatively by aggregating the total
value ﬂow in the sector.
The columns in Figure 2 describe the compositions
required by a particular industry output (supply). Through
transposing the vertical (column) view of the interindustry
system to a horizontal (row) equation, the supply-side inputoutput model balance equation can be given as

where xsj represents the production capacity of sector j, xij
represents the intermediate input from sector i to sector j to
maintain the productive capacity of sector j, b(s)
ij is the
direct-output coeﬃcient (b(s)
�
x
/x
),
and
v
represents
the
ij i
j
ij
value-added component used by sector j in order to
maintain the productive capacity. The value-added component contains wages, ﬁxed capital consumption, income,
rental, and net interest, among others.
The supply-side input-output model can be described in
the following matrix form:
T

T

Xs  � X )  B(s) + VT ,

(9)

where (Xs )T � [xs1 , xs2 , . . . , xsn ] represents the row vector of
sector supply in the region, B(s) � [b(s)
ij ]n×n is the directoutput coeﬃcients matrix derived from the regional economic input-output data, and VT � [v1 , v2 , . . . , vn ] is the
row vector of value-added items.
From equation (9), we can get (as in other studies, we
also assume that |I − A(s) | ≠ 0 here, so we can get (− A(s) )− 1 )
T

Xs  � VT (I− )− 1 � VT G,

(10)

where G is a mnemonic for “(I − B(s) )− 1 ,” which is also called
the output inverse matrix. It can be interpreted as measuring
the total production that can be supplied by the economic
system based on a certain amount of primary value-added.
A change in VT can induce an associated supply (output)
change as
T

Δ Xs  � ΔVT G.

(11)

The supply-side input-output model can relate sector
gross production with the primary inputs, that is, the
amount of value-added entering the interindustry system at
the starting of the process. The basic assumption of the
supply-side input-output model is the direct-output coefﬁcients (b(s)
ij ) are ﬁxed in the economic system.
3.3. Inoperability Input-Output Model. As the Leontief input-output model can relate the economic system to the
social ﬁnal demand and the supply-side input-output model
can relate the economic system to the initial value-added
entering the interindustry system, this subsection attempts
to integrate the two models to investigate the impact of
increases in ﬁnal demand of some vulnerable sectors caused
by climate change on the economic system and the initial
value-added required by the society. Combining the demand
side and the supply side of the economic system is a potential
method for measuring the impact of vulnerable economic
factors on the whole economic system and identifying the
key adaptation trajectory of the economic system. Therefore,
we present the inoperability input-output (IIM) model
which is a combination of the Leontief input-output model
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Producers

Industry

Producers as consumers (intermediate demand)
Sector 2
Sector j
⋯
⋯
x12
x1j
⋯
⋯
x22
x2j
⋯
⋯

Sector 1

Sector 1
x11

Sector 2

x21

⋮

⋮

⋮

⋱

Sector j

xj1

xj2

⋮

⋮
xn2

⋯
⋯

Sector n

⋮
xn1

Value added

v1

v2

Total supply

x1

x2

Sector n
x1n

Final demand Total demand
y1

x1

x2n

y2

x2

⋮

⋮

⋮

⋯

⋮

xjj

⋯
⋯

xjn

yj

xj

⋮
xnn

⋮
yn

⋮
xn

⋯

⋮
xnj

⋯

vj

⋯

xj

⋯
⋯

vn

⋯

xn

Figure 2: The supply-side input-output framework.

and supply-side input-output model (here, the direct-input
coeﬃcients and direct-output coeﬃcients in the inoperability input-output model are assumed to be ﬁxed simultaneously. Although this assumption is not completely strict,
it is relatively reasonable under the condition that the
technological level and social circumstances are stable). The
IIM can relate the economic system to both the social ﬁnal
demand leaving the interindustry system and the initial
value-added entering the interindustry system.
3.3.1. Static IIM. Supposing that the demand for sector k has
increased due to climate change, the balance equations of
sector k can be expressed from both the demand side and
supply side as the following two equations:
n

xdk �  xkj + yk ,

(12)

where each speciﬁc equation in equation (14) describes the
distribution of demand for a speciﬁc sector, and each speciﬁc
equation in equation (15) describes the distribution of inputs
required by a speciﬁc sector to maintain its supply. We
express equations (14) and (15) in matrix form as follows:
Xd � AXd + Y,
T

Xs � B(s)  Xs + V,

Xd � (I − A)− 1 Y,
T −1

Xs � I − B(s)   V.

n

� xik + vk ,

(13)

i�1

where xdk is the total regional demand for the products of
sector k and xsk is the product supply of sector k in the
region. We illustrate equations (12) and (13) in the following
intuitive form:
⎪
⎧
x11 + x12 + · · · + x1k + · · · + x1n + y1 � xd1 ,
⎪
⎪
⎪
⎪
⎪
⎪
x21 + x22 + · · · + x2k + · · · + x2n + y2 � xd2 ,
⎪
⎪
⎪
⎪
⎪
⎨⋮
⎪
d
⎪
⎪ xk1 + xk2 + · · · + xkk + · · · + xkn + yk � xk ,
⎪
⎪
⎪
⎪
⎪
⋮
⎪
⎪
⎪
⎪
⎩ x + x + · · · + x + · · · + x + y � xd ,
n1
n2
nk
nn
n
n

(14)

x11 + x21 + · · · + xk1 + · · · + xn1 + v1 � xs1 ,
⎪
⎧
⎪
⎪
⎪
⎪
x12 + x22 + · · · + xk2 + · · · + xn2 + v2 � xs2 ,
⎪
⎪
⎪
⎪
⎨⋮
⎪
⎪
x1k + x2k + · · · + xkk + · · · + xnk + vk � xsk ,
⎪
⎪
⎪
⎪
⎪
⋮
⎪
⎪
⎩
x1n + x2n + · · · + xkn + · · · + xnn + vn � xsn ,

(15)

(17)

where the variables in equation (16) are consistent with those
corresponding to equation (3) and the variable in equation
(17) is the transposed matrix of the corresponding variable in
equation (9).
From equations (16) and (17), we have

j�1

xsk

(16)

(18)
(19)

Combining equations (18) and (19), we can see that an
increase in ﬁnal demand (Y) will induce a higher output
(Xd ), which needed a corresponding supply (Xs ) that requires suﬃcient regional value-added (V) to maintain the
needed high supply capacity. Regrettably, the available regional value-added is not unlimited usually; thus, we need to
consider the issue of value-added shortage caused by climate
change. Based on equations (18) and (19), the formulation
relationship between the ﬁnal demand and the initial added
value required by the economic system is given as follows:
T

V(d) � I − B(s)  (I − A)− 1 Y � G− 1 LY,

(20)

where V(d) is the value-added vector required by the economic system when the social ﬁnal demand vector is Y, and
the other variables are the same as above in this paper.
In order to quantitatively measure the climate change
vulnerability of an economic sector, we introduce a new
variable, inoperability [43]. In the paper, the sector inoperability is deﬁned as the percentage of the needed increasing
amount of value-added caused by climate change relative to
the current amount of value-added. Formally, climate
change induced inoperability of the economic sector is
formulated as
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q � (diag(V))− 1 V(d) − V,

(21)

where q � [q1 , q2 , . . . , qn ]T is the sector inoperability vector
of the economic system; V(d) � [vd1 , vd2 , . . . , vdn ]T is the valueadded vector required by the economic system when the
social ﬁnal demand is increasing induced by climate change;
V � [v1 , v2 , . . . , vn ]T is the current value-added vector of the
economic system; diag(V) is a resulting diagonal matrix
constructed from the given vector V; and diag(V) is illustrated as
v1
⎢
⎡
⎢
⎢
⎢
⎢
0
⎢
⎢
⎢
diag(V) � diagv1 , v2 , . . . , vn T  � ⎢
⎢
⎢
⎢
⎢
⎢
⎣⋮
0

0 ··· 0

⎤⎥⎥
v2 · · · 0 ⎥⎥⎥⎥
⎥⎥⎥.
⋮ ⋱ ⋮ ⎥⎥⎥⎥⎦
0 · · · vn
(22)

By introducing sector inoperability, the paper can
quantitatively measure the climate change vulnerability of an
economic sector. With the help of the regional input-output
table, we can use the IIM to investigate the impact of vulnerable economic factors on the whole economic system and
identifying the key adaptation trajectory of the economic
system. The IIM implicitly assumed that if an industry’s
supply cannot satisfy its demand, the intermediate demands
needed by other sectors are served in priority. It means that,
in the case of shortage, social ﬁnal demands are the last
demands to be met compared with intermediate demands
needed by other sectors. The priority given to intermediate
demands is justiﬁed by several facts [44]. When climate
change needs additional ﬁnal demands for some sectors, it is
beneﬁcial for local society only if intermediate demand can
be met priority.
3.3.2. Dynamic IIM. In the above IIM, the inoperability
levels of each sector are static. In this section, we take sector
resilience factors into the dynamic IIM to model its dynamic
evolution over time. Note that the concepts and deﬁnitions
in the above static IIM are all applicable to the dynamic IIM,
which expands the static IIM with farther dynamic and
stochastic factors. Referring to one of the most widely used
dynamic Leontief input-output model forms [45–47], the
dynamic IIM is given as
−1

q(t) � diagV(t)  G− 1 LY(d)
(t) − Y(t) .

(23)

∗
− 1
∗
Let (diag(V(t) ))− 1 (Y(d)
(t) − Y(t) ) � V(t) and G L � B ,
and by introducing sector resilience component, the dynamic IIM can be formally shown as

q(t+1) � q(t) + KB∗ V∗(t) − q(t) ,

(24)

where the diagonal matrix K is the sector resilience coefﬁcient matrix, and its ith nonnegative diagonal element ki
represents the ability of the industry to recover from an
inoperability level caused by climate change. A greater ki
indicates a faster response of the economic system to an
imbalance in supply and demand [48].

The value of ki is determined from the initial inoperability of sector i and the time qi (Ti ) required by the sector
to recovery to a predeﬁned inoperability level from the initial
level of inoperability qi (0). The formulation of ki can be
given as
ki �

ln qi (0)/qi Ti 
.
Ti 1 − b∗ii 

(25)

where the term in the numerator measures the recovery rate
and the denominator represents the reliance of the sector on
itself, and the notion b∗ii represents the ith diagonal element
in the matrix B∗ .
It should be pointed out that the economic data used in
both the theoretical IIM and the following empirical analysis
are given in monetary units. In order to avoid the price
eﬀects on the results, we assume that the prices of all
products/services during the study period are constant.

4. Empirical Applications and Discussion
In this section, the IIM elaborated in Section 3 is applied in
Tianjin to explore its climate change dilemmas. Tianjin is
one of the four municipalities in China, which is located in
the northeast part of North China Plain (38°34′–40°15′ N,
116°43′–118°04′ E) [49]. Tianjin is a megacity with a population of over 15 million, and it is representative of the
surrounding areas. Therefore, in this paper, Tianjin is chosen
as an interesting case to provide experience for the North
China.
4.1. Data Source and Processing
4.1.1. Input-Output Table of Tianjin. The empirical study is
based on the 2012 input-output table of Tianjin in monetary
units, and the input-output table consists of 42 sectors,
whose names and codes are shown in Table 2. We process the
input-output table as follows. The subdividing ﬁnal demand
and value-added inputs are combined into a single ﬁnal
demand and total value-added, respectively, and we have
removed the eﬀects of regional inﬂows and regional outﬂows
in order to accurately grasp the impact of vulnerable economic factors on the whole economic system and identify
the key adaptation trajectory of the economic system.
4.1.2. Climate Data. Additionally, the future prediction data
of climate change by the end of the century from the IPCC’s
Fifth Assessment Report [50–52] are also used in the study.
The IPCC’s Fifth Assessment Report has proposed four
representative concentration pathway scenarios (RCP2.6,
RCP4.5, RCP6.0, and RCP8.5), and the projected temperature changes of Eastern Asia are shown in Figure 3 [53].
In this paper, we chose RCP2.6, RCP4.5, and RCP8.5 to,
respectively, represent the low climate change scenario,
medium climate change scenario, and high climate change
scenario to study the Tianjin case. Based on the temperature
change projections of Eastern Asia simulated in the RCP
scenarios, the paper assumes future predictions of temperature change in Tianjin as listed in Table 3.
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Temperature change in Eastern Asia

Code
S1
S2
S3
S4
S5
S6
S7
S8
S9
S10
S11
S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S28
S29
S30
S31
S32
S33
S34
S35
S36
S37
S38
S39
S40
S41
S42

Sector name
Farming, forestry, husbandry, and ﬁshery
Mining and wasting of coal
Extraction of petroleum and natural gas
Mining of metal ores
Mining and processing of nonmetal ores
Manufacture of foods and tobacco
Manufacture of textile
Manufacture of textile wearing apparel
Manufacture of timbers and furniture
Papermaking and manufacture of articles
Processing of petroleum, and coking
Chemical industry
Manufacture of nonmetallic mineral
Smelting and rolling of metals products
Manufacture of metal products
Manufacture of general purpose machinery
Manufacture of special-purpose machinery
Manufacture of transport equipment
Manufacture of electrical machinery
Manufacture of communication equipment
Manufacture of measuring instrument
Other manufacture
Scrap and waste processing
Repair services of machinery and equipment
Electric power and thermal power
Production and distribution of gas
Water production and distribution
Construction
Wholesale and retail trade
Transportation, storage, and post
Hotel and restaurants
Information transmission and computer
Finance
Real estate trade
Tenancy and commercial service
Scientiﬁc research and technical service
Environment and municipal conservancy
Resident services and repair services
Education
Health care and social work
Culture, art, sports, and recreation
Public management and social service

4.2. Vulnerable Sector and Climate Adaptation Function.
Through reviewing the literature about climate change research of the last 20 years, we ﬁnd that electricity, water, and
health sector are the ﬁrst three most vulnerable sectors to
climate change. Its microfoundations are the increasing
demand for electricity, water, and health services needed by
people to maintain their lives in the context of climate
change. In this empirical analysis of Tianjin, the paper selects
electricity, water, and health sector as original inducing
sectors to investigate the impact of the three climate-vulnerable sectors on the whole economic system and identifying the key adaptation trajectory of Tianjin’s economic
system. Here, we introduce the climate adaptation function
of the three vulnerable sectors, which is a function of sector
demand changes with respect to future climate changes.
While this certain quantitative relationship is diﬃcult to

(°C)

Table 2: Sector code and name in the Tianjin input-output table.
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RCP8.5

RCP2.6

RCP6.0

Historical

2100

RCP4.5

Figure 3: Time series of temperature change in Eastern Asia (20°N
to 50°N, 100°E to 145°E). Note: thin lines represent one ensemble
member per climate model and thick lines donate the multimodel
mean. On the right-hand side, the 5th, 25th, 50th (median), 75th,
and 95th percentiles of the distribution are illustrated in the four
RCP scenarios. The temperature projection data in Figure 3 are
sourced from IPCC’s Fifth Assessment Report.

Table 3: Future predictions of temperature change in Tianjin under
the three climate scenarios.
Scenarios
RCP2.6
RCP4.5
RCP8.5

Projected change by 2100
+1.2°C
+3.1°C
+4.8°C

Note: changes in temperature are based on the 2012 benchmark.

assess, we refer to a number of the empirical literature and
examine the functions used in the current climate-economy
models, and then we have deﬁned the form and parameters
of climate adaptation function of electricity, water, and
health service sector, respectively.
4.2.1. Electricity Sector. Through reviewing the broad empirical literature, we found that there is a U-shape relationship
between electricity demand and temperature, and the net eﬀect
of climate change over the 21st century is likely to increase
electricity demand substantially. When the temperature rises,
the electricity demand may increase nonlinearly. Considering
the nonlinear impact of climate change on electricity demand
[25, 54, 55], the paper assumes that the eﬀect of temperature
rise on electricity demand is deﬁned as
Elect � 1 + 0.06 T + 0.02T2  Elect ,

(26)

where Elect represents the electricity demand in period t, T
represents this period’s temperature anomaly, and Elect
denotes the electricity demand in period t in the absence of
climate warming.
4.2.2. Water Sector. Regional water demand is also sensitive
to climate change [26–28]. It is generally suggested that
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Watet � 1 + 0.05T + 0.01T2 Watet ,

(27)

where Watet represents the regional water demand in period
t, T represents this period’s climate anomaly, and Watet
denotes the regional water in period t in the absence of
climate warming.
4.2.3. Health Sector. Both epidemiology and economics
literature pointed out the detrimental eﬀects of climate
warming on mortality, prenatal health, and human health in
recent years [29]. As the impact of climate change on human
health is more and more signiﬁcant, there is a growing
demand for the health service sector [11, 12]. Through
reviewing the related literature [30, 31], the paper assumes
that the eﬀect of temperature rise on health service demand
is deﬁned as
2

Healt � 1 + 0.03 T + 0.01T  Healt ,

(28)

where Healt represents the regional demand for health
service in period t, T represents this period’s climate
anomaly, and Healt denotes the regional demand for the
health service sector in period t in the absence of climate
warming.
4.3. Results Analysis and Discussion
4.3.1. RCP2.6 Scenario. In the IPCC’s Fifth Assessment
Report, the RCP2.6 scenario is a low climate change scenario, which supposed that the global temperature will rise
within 2°C. Based on the 2012 input-output table of Tianjin,
we apply the IIM elaborated in Section 3 to explore the
impact of increased demand for electricity, water, and health
service sectors caused by climate change on the whole
economic system and identifying the key adaptation trajectory of the economic system. For simplicity of display, we
illustrate the 15 sectors with the largest inoperability in
Figure 4.
As shown in Figure 4, when the regional demand for the
electricity sector (S25), water sector (S27), and health sector
(S40) is increasing due to climate change in Tianjin, the most
vulnerable 15 sectors are S40, S27, S25, S17, S12, S02, S21,
S16, S09, S24, S29, S33, S19, S13, and S15 sector in order. In
the RCP2.6 scenario, except for the original three inducing
sectors (S25, S27, and S40), the inoperability of other sectors
are all less than 0.006. The inoperability of the special
equipment manufacturing sector (S17) is 0.0058, which
should be the most important sector to be concerned about.
Tianjin also needs to pay more attention to S17, S12, S02,
S21, and S16 sectors when adapting to climate change, as the
inoperability of those sectors are all bigger than 0.001. In the
RCP2.6 scenario, except for S40, S27, S25, S17, S12, S02, S21,
and S16 sector, the other 34 sectors’ inoperability are all less
than 0.001. On the whole, in the RCP2.6 scenario, climate

RCP 2.6 scenario
0.073 0.025 0.018

Sector inoperability

climate change will trigger more water demand [7, 9, 10].
Through reviewing the related literature [24, 25], the paper
assumes that the eﬀect of temperature rise on water demand
is deﬁned as

0.006
0.005
0.004
0.003
0.002
0.001
0.000
S40 S27 S25 S17 S12 S02 S21 S16 S09 S24 S29 S33 S19 S13 S15

Figure 4: The 15 sectors with the largest inoperability in the
RCP2.6 scenario. Note: the three red histograms represent the
electricity, water, and health sector, respectively, which have been
truncated because they are too high relative to other sectors. The
sectors represented by the codes in the ﬁgure are shown in Table 2.

change has relatively modest impact on Tianjin’s economic
system, but certainly not negligible.
4.3.2. RCP4.5 Scenario. The RCP4.5 scenario is a medium
climate change scenario, and Figure 5 illustrates the 15
sectors with the largest inoperability of Tianjin under the
RCP4.5 scenario.
As shown in Figure 5, when the regional demand for the
electricity sector (S25), water sector (S27), and health sector
(S40) is increasing due to climate change, the most vulnerable 15 sectors are S40, S27, S25, S17, S12, S02, S21, S16,
S09, S24, S29, S33, S19, S13, and S15 sector in order. In the
RCP4.5 scenario, the inoperability of health sector (S40) is
0.275, which means that the initial value-added of health
sector is facing a gap of 27.5% in meeting the increasing
social demand. Except for the inducing sectors (S25, S27,
and S40), the inoperability of the special equipment
manufacturing sector (S17) is the highest, 0.022, which
should be the most vulnerable sector to be concerned about.
Tianjin also needs to pay more attention to S12, S02, S21, and
S16 sectors when adapting to climate change, and these
sectors’ inoperability are all greater than 0.005. In the
RCP4.5 scenario, climate change has obvious impact on
Tianjin’s economic system. Therefore, it is necessary to take
measures to adjust production resources to reduce the
inoperability of those vulnerable sectors, so as to avoid the
imbalance of the whole economic system.
4.3.3. RCP8.5 Scenario. In the IPCC’s Fifth Assessment
Report, the RCP8.5 is a high climate change scenario, which
supposed that the global temperature will rise around 5°C.
Figure 6 illustrates the 15 sectors with the largest inoperability of Tianjin under the RCP8.5 scenario.
As shown in Figure 6, when the regional demand for the
electricity sector (S25), water sector (S27), and health sector
(S40) is increasing due to climate change, the most vulnerable 15 sectors are S40, S27, S25, S17, S12, S02, S21, S16,
S09, S24, S29, S33, S19, S13, and S15 sector in order. In the
RCP8.5 scenario, the inoperability of health sector (S40) is
0.544, which means that the initial value-added of health
sector is facing a 54.4% gap in meeting the increasing social
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RCP 4.5 scenario

0.025
Sector inoperability

Sector inoperability

0.275 0.083 0.067

0.025
0.020
0.015
0.010
0.005

0.02
0.015
0.01
0.005

0.000
S40 S27 S25 S17 S12 S02 S21 S16 S09 S24 S29 S33 S19 S13 S15

Figure 5: The 15 sectors with the largest inoperability in the
RCP4.5 scenario. Note: the three red histograms have been
truncated because they are too high relative to other sectors, and
the sectors represented by the codes in the ﬁgure are shown in
Table 2.
RCP 8.5 scenario

0
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Time units
S02
S15
S21

S09
S16
S24

S12
S17
S29

S13
S19
S33

Figure 7: Inoperability dynamics of the top 12 impacted sectors in
the RCP4.5 scenario.

Sector inoperability

0.544 0.155 0.133

0.045
0.040
0.035
0.030
0.025
0.020
0.015
0.010
0.005
0.000

S40 S27 S25 S17 S12 S02 S21 S16 S09 S24 S29 S33 S19 S13 S15

Figure 6: The 15 sectors with the largest inoperability in the
RCP8.5 scenario. Note: the three red histograms have been
truncated because they are too high relative to other sectors, and
the sectors represented by the codes in the ﬁgure are shown in
Table 2.

demand. Except for the inducing sectors (S25, S27, and S40),
the inoperability of the special equipment manufacturing
sector (S17) is 0.022, which should be paid more attention to.
The inoperabilities of S17, S12, S02, S21, S16, S09, and S24
sectors are all bigger than 0.005. In the RCP8.5 scenario,
climate change has signiﬁcant impact on Tianjin’s economic
system. It is essential to take measures to reduce the
inoperability of those vulnerable sectors, so as to avoid the
paralysis of the whole economic system.
4.3.4. Inoperability Dynamics Analysis. In this subsection,
the dynamic IIM is applied in Tianjin to analyze the
inoperability trajectories. Taking the RCP4.5 scenario as an
example, we simulate the inoperability dynamics of Tianjin’s
economic system. In the initial time, the sector inoperability
of the electricity sector (S25), water sector (S27), and health
sector (S40) is 0.067, 0.083, and 0.275, respectively, induced
by climate change, and the sector inoperability of the other
sector is zero. Assume that each sector can recovers to a level
of 0.1% of the initial inoperability in each period, and
Figure 7 displays the inoperability dynamics of the top 12
impacted sectors except for S25, S27, and S40.
From Figure 7, we can see that the most impacted 12
sectors are S17, S12, S02, S21, S16, S09, S24, S29, S33, S19,
S13, and S15 sector in order, which is consistent with the

static IIM analysis above. Mastering this key climate adaptation trajectory and allocating resources according to
the sector inoperability is the practical basis of the climate
adaptation scheme in Tianjin. Even if the initial state is not
aﬀected by climate change, the inoperability of the rest of
the economic sectors will gradually increase aﬀected by the
electricity sector (S25), water sector (S27), and health
sector (S40). From the dynamic analysis, we can also see
that it may take almost 50 periods for the economic system
to return to the original state when the recovery ability is
0.1% of the initial inoperability in each period. As shown,
the diﬀerence in sector inoperability between the 12
sectors is relatively large. The results may be applied by
policy-makers to prioritize sectors in terms of protection
and understand the eﬃcacy of climate risk mitigation
strategies.
4.3.5. Comprehensive Results Analysis. In order to better
understand the impact of increased demand for electricity,
water, and health service sectors caused by climate change
on the whole economic system and identifying the key
adaptation trajectory of the economic system in Tianjin, we
present the comprehensive results in multiple dimensions in
this section.
In Table 4, we introduce a new variable, aggregate
inoperability, which measures the proportion of the change
in value-added required by the whole economic system due
to climate change. As shown in Table 4, the impact of climate
change on the health sector (S40) induced the most signiﬁcant cascading inﬂuence on the whole economic system
compared with the electricity sector (25) and water sector
(27). Taking RCP4.5 scenario for example, the increasing
proportion of regional demand for the electricity sector,
water sector, and health sector is 0.3782, 0.2511, and 0.1892,
respectively, but their inducing aggregate inoperability of the
whole economic system is 0.00050, 0.00007, and 0.00578,
respectively. It indicates that the health sector may play a
critical role in adapting to climate change for the whole
economic system. Our results also indicated that climate
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Table 4: Aggregate results of RCP2.6, RCP4.5, and RCP8.5 scenarios.
Scenarios

RCP2.6

RCP4.5

RCP8.5

Inducing sector
Electricity (S25)
Water (S27)
Health (S40)
Combined (S25, S27, and
S40)
Electricity (S25)
Water (S27)
Health (S40)
Combined (S25, S27, and
S40)
Electricity (S25)
Water (S27)
Health (S40)
Combined (S25, S27, and
S40)

Changes in ﬁnal
demand
0.1008
0.0744
0.0504

X(d) (million RMB
yuan)
5738307.2
5736547.1
5742545.3

TVA(d) (million RMB
yuan)
2994429.9
2994096.9
2998643.7

5744823.9

2999107.0

0.00170

5743864.2
5737162.8
5759765.8

2995525.7
2994251.4
3011335.8

0.00050
0.00007
0.00578

5768217.1

3013049.3

0.00635

5751288.3
5737926.9
5782772.0

2996989.5
2994443.3
3028292.1

0.00099
0.00014
0.01144

5799411.4

3031661.3

0.01257

0.3782
0.2511
0.1891

0.7488
0.4704
0.3744

Aggregate inoperability
0.00013
0.00002
0.00154

Note: the column of changes in ﬁnal demand represents change proportion of ﬁnal demand for the corresponding sector in diﬀerent climate scenarios, and
the row of combined (S25, S27, and S40) represents corresponding results when the ﬁnal demand for S25, S27, and S40 sector is aﬀected by climate change at
the same time, where X(d) and TVA(d) are the same variables deﬁned in Section 3.

change also aﬀects regional economic conditions and thus
may exacerbate adaptation dilemma or create new ones,
which is consistent with the studies by Hashemi [56] and
Nguyen et al. [7].
4.4. Discussion. These results analyzed in the above subsection indicated that the impact of climate change on
individual sectors varies substantially, which is indicative
of a need for sector distinct strategies to adapt to climate
change. The key climate adaptation sector trajectory of
the economic system in Tianjin is stable, that is, S40, S27,
S25, S17, S12, S02, S21, S16, S09, S24, S29, S33, S19, S13,
and S15 sector. The individualization adaptation strategy
of each sector should be formulated based on this key
climate adaptation sector trajectory. This sector heterogeneity in climate vulnerability would depend, of course,
on the interconnection of the local economic system. In
other words, sector diﬀerences are likely to persist in this
form, although perhaps not in some ways we are
anticipating.
It is worth noting that the overall impact of climate
change adaptation on the economic system seems not obvious because the aggregate inoperability of the economic
system has been smoothed by those sectors that are barely
aﬀected. This result implied that the overall impact found to
date in the literature may not uncover its actual impact and
unable to point out the direction of regional adaptation to
climate change. For example, in Tianjin, while the aggregate
inoperability is 0.0126 by the end of the century for RCP8.5
scenario, the sector inoperability of S40, S27, S25, S17, S12,
S02, and S21 is 0.544, 0.155, 0.133, 0.044, 0.032, 0.030, and
0.022, respectively. To meet the total increased demand
caused by climate change at current prices would cost
around 37.6 billion RMB yuan in Tianjin under the RCP8.5
scenario, of which the abovementioned key sectors will need
34.3 billion yuan, accounting for 91.2% of the total. These

key sectors might determine the security of the economic
system facing climate change.
We caution that the paper is meant to illustrate the
impact of vulnerable sectors on the whole economic system
and analyze the key adaptation trajectory of the economic
system in a business-as-usual setting. In other words, the
IIM we estimate holds prices, economic growth, and current
technology constant, used in many economic modelling
contexts [22]. Constant prices and economic growth assumption means that the economic system in the current
stable environment can ensure that all sectors in the economic system keep the balance of supply and demand
without climate change. Changes in technology may mitigate the demand for electricity, water, and health service
demand required by climate change, in the following ways.
Eﬃcient air conditioning technologies may reduce the
electricity demand of society to adapt to climate change.
Water-saving technology can also reduce the water demand
required to adapt to climate change. Hierarchical diagnosis
and treatment technology may also improve the eﬃciency of
health services and better meet the needs of social health
services to adapt to climate change. As technology factors
may have great uncertainty in the future, so the paper does
not consider them.
Despite the limitations, this study provides a more
comprehensive view of the impact of vulnerable economic
factors on the whole economic system and identifying the
key adaptation trajectory of the economic system. Compared with the existing single sector climate vulnerability
studies, this study provides a complementary perspective to
understand the impact of climate change, which has more
guiding signiﬁcance for the study of regional adaptation to
climate change. It may provide policy-makers with a signiﬁcant indication of the climate adaptation eﬀorts associated with economic activities that are foundational for the
successful implementation of adaptation strategic
decisions.
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5. Conclusions and Future Work

Data Availability

This study presents a systematic approach to analyzing the
impact of climate-vulnerable sectors on the whole economic
system and the key adaptation trajectory of the economic
system. The IIM elaborated in the paper is applied in Tianjin
to explore its climate change dilemmas.
The results of RCP2.5, RCP4.5, and RCP8.5 scenarios
indicated that the inoperability ranking of all economic
sectors in Tianjin is the same under the three climate scenarios, which implies the key adaptation trajectory of
Tianjin’s economic system is stable. The key adaptation
trajectory in Tianjin is S40, S27, S25, S17, S12, S02, S21, S16,
S09, S24, S29, S33, S19, S13, and S15 sector in order. The
costs required by the abovementioned key adaptation trajectory to adapt to climate change account for more than
90% of that required by the entire economic system. Mastering this key climate adaptation trajectory and allocating
resources according to the sector inoperability is the practical basis of the climate adaptation scheme in Tianjin.
Our results also imply that it seems that the impact of
climate change on the whole economic system seems to be
not great, but it will have signiﬁcant impact on some vulnerable sectors and their closely interconnected sectors. In
particular, these sectors closely interconnected to the vulnerable sectors are easy to be ignored, which requires policymakers to focus on, in order to formulate appropriate climate adaptation policies to ensure regional economic system
security.
The individualization adaptation strategy of each sector
should be formulated based on its sector inoperability.
Timely adjustment of resource allocation among sectors of
the economic system according to sector inoperability may
be the direction for the climate adaptation strategy of the
whole economic system. This sector heterogeneity in climate
vulnerability would depend on the interconnection of the
local economic system, which is likely to persist in this form,
although perhaps not in some ways we are anticipating. We
can envision several strategies to mitigate the impact of the
key climate adaptation trajectory we estimate. A hopeful
eﬀort is launching a climate change adaptation fund to
improve the supply capacity of the key sectors and to ﬁnance
their access to resources.
Future research might extend the proposed methodology to further correctly calibrate the climate adaptation
function of the electricity, water, and health sector.
Moreover, the IIM presented in this paper is on the assumption that direct-input coeﬃcients and direct-output
coeﬃcients in the economic system are constant. This is
probably not a very actual situation in much of the regional
economic system. Although the IIM’s assumptions on the
characteristics of the economic system may not be realistic,
we still believe that this is a meaningful attempt, and we
hope it can advance the discourse of this complex issue in a
relatively clear and structured manner. Another work may
assess regionally available production resources and introduce them into the input-output table, so as to build
optimization allocation models to better promote adaptation to climate change.
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[17] C. Göpfert, C. Wamsler, and W. Lang, “A framework for the
joint institutionalization of climate change mitigation and
adaptation in city administrations,” Mitigation and Adaptation Strategies for Global Change, vol. 24, no. 1, pp. 1–21, 2019.
[18] T. Grothmann and A. Patt, “Adaptive capacity and human
cognition: the process of individual adaptation to climate
change,” Global Environmental Change, vol. 15, no. 3,
pp. 199–213, 2005.
[19] G. S. Eskeland and T. K. Mideksa, “Electricity demand in a
changing climate,” Mitigation and Adaptation Strategies for
Global Change, vol. 15, no. 8, pp. 877–897, 2010.
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