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ABSTRACT

The significant spike in global energy prices induced by the Russian-Ukrainian (RU) conflict is perceived as
highly uncertain that may rise household living costs and adversely affect Sustainable Development Goals such as
poverty elimination. However, the impacts on human wellbeing are entirely obscured by conventional economic
analyses. Using the input-output price model and a human needs framework, we assess the impact of energy price
shocks caused by the RU conflict on eight dimensions of human needs in 49 countries/regions. Our findings show
that the non-material dimension Creation and the material dimension Protection are the most affected human
needs globally, with declines of 3.7%-8.5% and 3.6%-8.4%, respectively. Households in BRICS countries are hit
hardest on these human needs (2.0-2.2 times the global average) owing to higher price increases and higher
energy-dependent consumption patterns. The human need satisfaction of low-income groups is not only severely
affected, but also the poorer the country in which they reside, the more serious the decline of their satisfaction,
while there is no such problem for higher income groups. Our findings underscore the need to consider both
material and frequently overlooked non-material dimensions of wellbeing when designing targeted policies to

protect the vulnerable from energy price shocks.

1. Introduction

The outbreak of the Russian-Ukrainian (RU) conflict not only trig-
gered military and political turmoil but also drastically increased un-
certainty in the global economy owing to the inevitable knock-on effects
in a highly connected world (Smit et al., 2022). For example, the RU
conflict has resulted in a significant spike in global energy prices.
Compared to the average price in 2021, the global average increase in
the price of energy goods such as natural gas and crude oil has been
115% and 41%, respectively, in 2022 (World Bank Group, 2022), with
further growth expected according to the IEA (IEA, 2022a). The crisis is
also seen as a critical opportunity for countries to phase out fossil fuels
and accelerate investment in renewable energy, and thus reducing the
dependence on carbon-intensity energy and facilitating the low-carbon
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transition (Tollefson, 2022). However, the multiple social, economic
and environmental impacts of this energy price surge and fluctuations
should not be overlooked, as the transition can succeed only if policies
ensure affordable access to low and zero carbon options (OECD, 2022;
Pereira et al., 2022). The direct and indirect impact of rising energy
prices due to the geopolitical conflict on people’s livelihoods is of
particular concern given the already severe socioeconomic conse-
quences of the COVID-19 pandemic (Zhang et al., 2022). In addition to
direct impacts of rising energy prices on households’ cost of living, there
are also indirect impacts of energy prices on production costs through
global supply chains causing a price increase in other products. Conse-
quently, households have to adapt to higher prices by changing their
consumption patterns to lessen the price shock. That is, while consumer
consumption preferences stay the same in the short term, consumers
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may reduce product consumption in the face of rising commodity prices,
which further affects human wellbeing (Andreyeva et al., 2010; Camp-
bell and Cocco, 2007; Green et al., 2013; Lederman and Porto, 2016).

Numerous analyses have examined the impact of the energy price
shock stemming from the RU conflict, shedding light on its severe impact
on households in terms of energy costs (Mahler et al., 2022; Guan et al.,
2023; Steckel et al., 2022; Kalkuhl et al., 2022; Adolfsen et al., 2022),
energy insecurity (Cozzi et al., 2022; Zakeri et al., 2022) and poverty
(Mahler et al., 2022; Guan et al., 2023). For example, Mahler et al.
(2022) evaluated the impact of the RU conflict on poverty using the
estimation from the Household Impacts of Tariffs (HIT) Simulation Tool,
which is based on a harmonized household survey and tariff data for 54
low- and lower-middle income countries. They found that the price in-
creases resulting from the RU conflict would plunge an additional 75-95
million people into poverty in 2022. Guan et al. (2023) utilized a global
multi-regional input-output database and detailed household expendi-
ture data to model the direct and indirect impacts of heightened energy
prices on households. They found that the total energy costs for
households would contribute to a 2.7-4.8% increase in household ex-
penditures, pushing an additional 78-141 million people into extreme
poverty. Steckel et al. (2022) estimated the impact of fossil fuel price
increases on European households based on representative household
expenditure data and a multi-regional input-output model. Their find-
ings revealed that the poorest 10% faced average cost increases of 20%
(of total household expenditures), while the richest 10% faced addi-
tional average costs of 13%. These studies on the influence of energy
price shocks have often used monetary indicators, such as energy cost or
cost of living, to quantify changes in household consumption (Global
Crisis Response Group, 2022; Guan et al., 2023; Mahler et al., 2022; Smit
et al., 2022). However, the impacts of energy price shocks under the
sudden geopolitical conflict have not been comprehensively assessed
considering other important dimensions of wellbeing (Perelli-Harris
et al., 2022; Rao and Wilson, 2021). It is vital to pay attention to such
issues as the RU conflict may exacerbate the wellbeing crisis in other
than just economic dimensions and further lower the pace towards
reaching sustainable development goals (SDGs). In this study, we
address the questions of which aspects of human wellbeing are most
adversely affected by energy price shocks and who would be most
impacted.

Wellbeing-based measures are deemed better and advocated for
measuring human welfare compared to monetary measures (Fitouss
et al., 2011; Porio, 2015; Vita et al., 2019). One of the ways to portray
wellbeing is the satisfaction of human needs, including Subsistence and
Protection, Affection, Understanding, Participation, Leisure, Creation,
Identity, and Freedom (Ekins and Max-Neef, 1992; Jackson and Marks,
1999; Max-Neef et al., 1991; Vita et al., 2019). These needs can be
satisfied by consumption of economic goods and services, which are
proposed as satisfiers of human needs. Based on material intensity,
human needs be classified as material and non-material (Jackson and
Marks, 1999). Material human needs are essentially Subsistence and
Protection, the satisfaction of which requires material inputs. Specif-
ically, Subsistence relies heavily on food and shelter for basic living,
while Protection includes health care, safety and financial security and
can be satisfied by a range of goods, from clothes and heating fuels to
medicine (Vita et al., 2019). By contrast, non-material human needs
refer more to the process of empowerment or spiritual fulfillment from a
personal, social or cultural perspective through the consumption of
goods or services. For instance, Creation can be satisfied through ac-
tivities that transform skills and ideas into material or immaterial ob-
jects in both formal and informal work, based on the application of
multiple materials, tools and machines, including ideal space, in-
struments or tools, and to a lesser extent transportation (a detailed
description of human needs can be found in Methods) (Costanza et al.,
2007; Ekins and Max-Neef, 1992; Max-Neef et al., 1991; Vita et al.,
2019). According to the definition from Max-Neef et al. (1991), a market
good can satisfy several human needs simultaneously, thus seen as
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“synergistic satisfiers” (Ekins and Max-Neef, 1992). Energy-related
products, for example, can not only ensure home heating (Subsistence
and Protection), but also provide ideal space for creativity (Creation),
while being closely related to commuting (Freedom) and tourism (Lei-
sure). Although increasing consumption of goods does not necessarily
increase the wellbeing, a decrease in consumption of goods may directly
exert a negative impact on the satisfaction of human needs and thereby,
wellbeing (Ekins and Max-Neef, 1992; Max-Neef et al., 1991). Thus,
consumption can be a valuable mediator to measure the changes of
wellbeing under the energy price surge through its ability to meet
human needs.

In this study, we apply the input-output price model extended by
using price elasticities and the fundamental human needs framework to
assess the impact of energy (i.e. natural gas and crude oil) price shocks
caused by the RU conflict on household consumption and the changes in
human needs satisfaction. We find that not only material welfare, but
also non-material human needs are jeopardized by the price shock.
Country-level results show that household human needs in BRICS
countries are more affected. We also found that the poorer the country in
which low-income groups reside, the more serious the decline of their
human needs satisfaction, whereas no such trend is detected in higher
income groups. We thus suggest that under the price surge caused by
unexpected issues (such as the RU conflict), the severe impact on both
material and non-material human needs of households needs to be
noted, and more attention be paid to the uneven impact on low-income
groups in BRICS and lower-income countries. Our assessment delivers
new insights into the disproportionate social impact of energy price
shocks under RU conflict on human needs and human wellbeing,
consequently contributing to developing more informed policies to
safeguard the human need to ensure human wellbeing on the pathway
towards SDGs.

2. Methodology and data

This paper uses an integrated framework that combines the input-
output price model, the Extended linear expenditure system (ELES)
model and the quantification of fundamental human needs to measure
the impact of energy price changes on wellbeing from the human needs
perspective (Fig. 1). 1) First, we extend the traditional input-output
price model to a global multi-regional input-output price model to
analyze the impact of energy price changes on the prices of different
products in different regions in the context of the RU conflict. 2) We use
the ELES model to construct consumer demand functions and calculate
the price elasticities of consumers in different income groups for
different products.3) We calculate the changes in consumption under
price shocks based on the price changes of different products and the
price elasticities of consumers. Finally, we use the fundamental human
needs framework to examine the changes in household human needs in
different income groups.

2.1. Assessing price changes by product

The input-output (IO) analysis framework provides a comprehensive
representation of the production linkages between the various sectors of
the national economy. Leontief developed the input-output price model
from the point of view of production costs (Leontief, 1953), which is
widely used to analyze the impact of a change in the price of one or more
products on the price level of other products and can provide a complete
description of this impact (Hawkins and Simon, 1949; Jiang and Tan,
2013; Przybylinski and Gorzatczynski, 2022; Siala et al., 2019). When
energy prices rise, the input-output price impact model can depict the
impact of energy prices on the prices of other products.

According to the column balance of the input-output table, the total
output value of sector j is equal to the sum of the intermediate and initial
input values, as following:
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X=Z4+VA (€]
where X is the total output, Z is intermedium input and VA is the value
added. When the price is considered, Equation (1) can be written as:

PX=P.Z+ VA @

where P, and P, represent the price of the total output and intermedium
input. When two sides of Equation (2) is divided by X, the Leontief price
model is built,

P,=PA+V 3)
where A’ is the transpose of the direct consumption coefficient matrix
from the classical I0 model, and V represents the value added per unit of
output.

Equation (3) can be written as the matrix,

P1 ap a1 Anl )21
P2 ap  dn Aanm P2 V2

= x + @
Pn Ain Aan Ann Pn Vi

Then we divided the matrixes in Equation (4) according to whether the
price of the sector is exogenously, and rewrote it as following,

A, A,
|:pen :| _ /m—en /ex—en . |:pen :| n |:Ven :| (5)
Pex Aen—ex Aex—cx Pex Vex
Pen = A/gn—en Pen + A;x—en Pex + Ven (6)
Pex =A/M,@( Pen + A’ex—ex Pex T Vex (7)

where p., and p., represent the exogenous and endogenous prices of
products, respectively, while p,, can be impacted by the change of p,y.
Equation (6) can be written as following,

Pen = (1 - A::n—rn) - 'A’Exffn *Pex + (1 - A/m,e,,) - Ven 8

-1

Apo = (I - A

enfen) . A/exfé'n 'Ap“ (9)
Here Equation (9) denotes the effects of change in the price(s) of one or a
bundle of product(s) on the prices of other goods.

It has to be noted that there are four main hypotheses of our simu-
lation. Firstly, e assume the IO price model assume that the change of the
product price is only a result of changes in the cost of raw materials, that
is, it takes no account of the potential impacts on price caused by wage
change, profit tax and depreciation. Secondly, the IO price model we
used does not include adaptive actions that enterprises may take to
reduce material demand or adjust product decisions. Thirdly, there is no

effect of prices on the supply-demand relationship in the IO price model.

At last, we take no consideration of the effect of the government’s
intervention measures in face of the increase in energy price (Jiang and
Tan, 2013).

2.2. Calculation of changes in household consumption

We calculate the changes in household consumption on the
assumption that the consumer preference (i.e. price elasticity) remains
constant and is unaffected by price changes in the short term. First, we
estimate the price elasticity of demand of different income-level
household groups for each product using the Extend linear expendi-
ture system (ELES) model. ELES model was developed by Lluch (Lluch,
1973; Stone, 1954) based on the linear expenditure system. One
advantage of the ELES model over other various demand system models,
such as Almost ideal demand system (AIDS) and Quadratic almost ideal
demand system (QUAIDS) model, is that it can directly use the least
squares method to estimate cross-sectional data and can be solved
without price information when calculating the price elasticity. Thus,
ELES model is extensively used in consumption research (Li et al., 2018;
Lluch and Williams, 1975; Sary et al., 2018; Wang and Deng, 2021; Wu
et al., 2011). In the ELES model, it is assumed that during a certain
period, the consumers’ demand for goods or services depends on the
income level and the price of goods, and the demand is divided into the
basic demand and the non-basic demand. The basic demand (BD) re-
mains stable over time and does not vary with income. After BD is
satisfied, the remaining income is distributed according to the marginal
propensity to consume (MPC) of each type of goods to meet the
non-basic demand (NBD).

The extended linear expenditure system model appears as follows:

P,X;=PBD; + j; (1 =S P,-BD;) (10)

B, € (0,1),and Z;ﬂi <1

where P;, X; and denote the price and consumption of the i th product of
residents, respectively. Then P;X; is the total expenditure of the i th
product of residents. BD; is the quantity of the basic demand for the i th
product. P;BD; is the basic expenditure on the i th product for the
household. g; is the MPC of i th product. I is the income of the household.

Let Y; = PiX; and o; = P;BD; — f3;> i, P;BD;, then Equation (10) can
be written as:

Yi=ai+ﬂi1 an

By estimating the correlation coefficient through Equation (11), the
total basic expenditure and basic expenditure for each product can be
calculated by:

S an =X (1-50)

(12)
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PBD;=a;+ Y a (1 - Z:‘]ﬁi) 13)

We can get the self-price elasticity of demand:

AXi/Xi _0X; P, _(1-p, o PiBD:
AP,JP. 0P, X, Y,

&i = -1 (14

To depict the price elasticity of different income groups, we divided
the household bins into 4 groups by income levels: low income, lower-
medium income, upper-medium income and high income. The prod-
ucts are classified into 13 major categories, which are detailed in SI table
S1.

Then changes in household consumption r can be calculated as fol-
lows:

AX;/X;
= 1
Ei=y P./P; (15)
r=AX;/X;-100% = &;- AP;/P;-100% (16)

2.3. Quantifying changes in household human needs satisfaction

To quantify the change in human needs satisfaction, we use the
fundamental human needs framework developed by Vita et al. (2019).
The concept of the fundamental human needs framework has been
applied in a number of studies to explore the relationship between
wellbeing and consumption (Jackson and Marks, 1999; Di Giulio and
Defila, 2021), energy use (Brand-Correa and Steinberger, 2017), carbon
emission (Vita et al., 2019; Steinberger et al., 2020), environmental
impact (Wilk, 2002), circular economy (Clube and Tennant, 2020), etc.
For example, Brand-Correa and Steinberger (2017) examined the links
between energy services and human needs and proposed an analytical
framework for the decoupling of energy services and human needs. Vita
et al. (2019) quantified the carbon footprint and energy footprint of
human needs satisfaction using an environmentally extended
input-output model. These provide the methodological reference for our
study to combine the fundamental human needs framework with the
input-output price model, to explore the impact of energy price increases
on wellbeing.

The quantification method of fundamental human needs proposed by
Vita et al. (2019) is developed based on expert panel discussion. This
method enables a systematical calculation of the consumption and
associated energy and carbon emission from human needs satisfaction,
which also passes the uncertainty test (i.e. using Monte Carlo simulation
to obtain similar results) (Vita et al., 2019). It is assumed that the con-
sumption of one market good can satisfy one or more human needs,
following the fundamental human need theory proposed by Max-Neef
(Ekins and Max-Neef, 1992; Max-Neef et al., 1991). The fundamental
human needs framework provides a correspondence matrix between the
200 economic goods available in the IO database (EXIOBASE v3.8)
(Stadler et al., 2018) and human needs. These needs can be classified as
material and non-material human needs depending on the material in-
tensity of satisfier (Jackson and Marks, 1999). The material human
needs are Subsistence and Protection, while the remaining human needs
are non-material needs. Specifically, Subsistence is mainly concerned
with food and shelter. Health care, safety, and financial security are all
covered by Protection, which may be provided by a variety of products
ranging from insurance to heating fuel. Creation can be satisfied through
activities like inventing, building, designing, and imagination in both
formal and informal work, which applies skills to material and imma-
terial objects. Freedom relies on market goods that improve space-time
accessibility, such as transportation, domestic appliances and household
services. Leisure can be satisfied by recreational services and enter-
tainment, while Identity is associated with goods that express preference
such as luxury items, apparel or diets. Participation relies on commu-
nication devices, media and club memberships, and Understanding is
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related to education and self-improvement, and can be satisfied by
computers and educational services. Note that according to Vita et al.
(2019), Affection is not linked to any product in the database and is
therefore not included in this analysis. The consumption of market
products linearly contributes to the satisfaction of one or different
human needs aspects with different weights. For example, 45% of the
consumption of wheat contributes to Subsistence, while the rest is linked
with Identity. Although the simplified correspondence matrix only
shows the linear relationship between goods and human needs satis-
faction, this framework provides an opportunity to capture the change in
each human need based on the change in a bundle of goods that
households consume. A detailed correspondence matrix can be found in
the SI Table S3.

2.4. Calculation of the consumer price index (CPI)

Based on the impact of energy price shock on other products, we
further calculated the effect of on the consumer price index (CPI), which
measures changes in the prices of goods and services purchased or
otherwise acquired by households (Jiang and Tan, 2013). As the con-
sumption pattern or weight varies among household groups, the CPI can
represent the living cost of different income household groups. We used
the column vector of resident consumption in the IO table as the weight
to simulate the change in CPI. The change in the price index is expressed
as follows:

ACPI, = ZAPFUZ/ZFW i=1,2,. a7)

where, ACPI, denotes the change of CPI of the g th household group. F;,
is the product of the i th product consumed by the g th household group,
while AP; is the change in the i th product price.

2.5. Data sources

We simulate the price change using the latest available data from the
input-output database EXIOBASE 3.8 (Stadler et al., 2018). The data
describe the economic flows among 200 products in 49 countries, ter-
ritories and regions (see Table S1 & Table S2), where the 44 coun-
tries/territories account for 86% of the global GDP in 2019. The wide
coverage and detailed sectoral categorization can well describe the
complex network of the world’s economy.

For the household consumption, we use the detailed consumption
data from the World Bank’s Global Consumption Dataset (WBGCD),
which has been extended to cover 116 countries and approximately 90%
of the global population (Bruckner et al., 2022; Hubacek et al., 2017).
201 household expenditure bins and the corresponding population
proportion are provided for each country in the WBGCD. The lowest
expenditure bin is defined as spending less than US$5911 50 PPP, whilst
the highest expenditure bin represents the expenditure of more than US
$2011 951,689 annually (Bruckner et al., 2022; Zhong et al., 2020). The
spending for 33 kinds of market products and services is provided for
each household bin. We grouped 201 household bins into 4 household
groups to facilitate the analysis and extract the findings. The concor-
dance information between EXIOBASE and WBGCD (including the cor-
respondence of products and countries) can be found in SI Table S1 &
Table S2.

The energy price data for the simulation is based on the latest World
Bank Commodity Price Data (WBCPD). WBCPD provides monthly series
of 55 commodity prices and indices (updated to June 2022). We
calculated the price change of crude oil and natural gas by comparing
the average price from February 2022 to June 2022 with the average
price in 2021. We also adopted the minimum and maximum price
change to present the range of price shocks.
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3. Results
3.1. Price increases per household category and country

The rising energy prices would lead to an overall increase in prices of
goods and services by 1.7%-3.9% (Fig. 2a). Energy-related products,
electricity and household chemicals (i.e. fertilizers) see the biggest price
increases by 9.5%-22.1%, 2.5%-6.4% and 1.2%-2.8%, respectively.
The rising prices of primary energy such as natural gas and oil would
lead to a significant increase in the cost of production of energy-
intensive products, thus increasing the prices of these products. For
example, crude oil accounts for 55.5% of the production cost of motor
gasoline, while the price of motor gasoline would increase by roughly
24.9% under the energy price shock. In contrast, increasing energy
prices have less of an impact on services, with the exception of energy-
intensive transportation services with a price increase of 1.2%-2.4%
(higher than other services by 3.3-3.7 times). It should be noted that the
degree of price changes we estimated for some products is smaller than
the observed price increases. For example, prices of food and clothing
would rise less significantly, at about 0.8%-1.6%. This is somewhat
different from real increases where, for example, soybean prices rose by
up to 19% (World Bank Group, 2022). One reason for this difference is
that we only take the impact of energy price which will be transferred
directly to consumers into account, rather than covering the impact of
the supply-demand relationship between companies or producers, or
other significant financial-induced mechanisms in our analysis (Chiar-
ucci et al., 2017). This exclusion enables our short-term analysis to
provide a lower bound estimation, but also leads to a lower assessment
of price changes of particular products which are more easily affected by
the market mechanism, such as food (Lagi et al., 2015).

The CPI measures the overall price changes based on the quantity of

(a) Product price changes

(
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goods and services that households consume, which can reflect the effect
of energy price increases on cost of living changes in this analysis. The
average increase in CPI at the global level is 1.8%-4.2%, mostly driven
by price increases in food and energy products, which account for
around 41% and 38% of the increment of CPI, respectively (Fig. 2b).
This is because these products are the main products consumed by
households for their daily livelihood, accounting for about 47% of total
daily spending (Fig. S1). The CPI would climb the most in the low-
income group (increasing by 2.0%-4.6%), which is over 1.2-1.3 times
that of the high-income group. Furthermore, when household income
increased, the products responsible for the growth in CPI would shift
from daily necessities such as food and energy to services such as
financial services.

There are some variances in CPI changes at the regional level. First,
CPI change in lower income countries would rise by 1.9%-4.2%, com-
parable to the global average. However, the contribution of higher
electricity prices to CPI increment in these countries is 11% higher than
the global average. In contrast, higher income countries had a relatively
lower increase in the average CPI (1.7%-3.9%). While the low, low-
middle and high-middle income groups in these countries faced little
difference in CPI changes (around 3.1%), the CPI in the higher income
group would rise only 0.7%-1.6%, which is much lower than the global
average. The BRICS countries, on the other hand, have the highest CPI
growth, about 1.3-1.4 times the global average. Energy products, which
accounted for nearly 70%-73% of the CPI rise, are the largest contrib-
utor to CPI growth. This may be related to the high reliance of BRICS
residents on energy products in the consumption pattern, as well as the
sharper price hikes in BRICS countries.

b) CPI changes by regions and income groups
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global product prices. Graph (b) describes the impact of the energy price shocks on CPI by income group in each region. Error bars represent the min-max range.
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3.2. Household consumption decline by income group and region

Global household consumption would fall by about 2.9%-6.7% due
to the increase in energy prices (Fig. 3). Food and energy products
accounted for 74% of the decrease, which is mainly due to the significant
price increases of these products. Even though consumers have rela-
tively lower price elasticity for these products, the price increase is high
enough to curtail household consumption. In contrast, the decline of
durable goods (such as applicants, machines and tools) and services is
relatively modest, accounting for around 5% and 3% of the total con-
sumption reduction, respectively. This suggests that even though
households have more elasticity about these products, the price changes
of these products are not large enough to affect households’
consumption.

With a reduction in household income, household consumption
would shrink significantly. High, upper-middle and lower-middle in-
come groups would decrease consumption by 2.4%-6.5% (Fig. 3). The
low-income group consumes 4.1%-9.2% less, about 1.7 times more than
the high-income group. Moreover, the low-income group exhibits a
higher reduction in the consumption of necessities (including food,
clothing and energy) and services than high-income group, by 1.6%-—
1.9% and 4.8%-5.6%, respectively. This indicates that the low-income
group is disproportionately affected by energy price shocks, suffering
more from the consumption decline related to both the services and
basic livelihoods comparing to high, upper-middle and lower-middle
income groups.

The consumption reduction varies considerably between regions. For
instance, the decline in consumption is lowest in higher-income
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countries. Especially, middle- and high-income groups in these countries
consume 2.2%-4.8% less. Unlike the global situation, the decline in food
consumption is smaller for all income groups in high-income countries,
contributing only 1%-5% of the total decline. The main consumption
declines come from energy products such as oil and gas (28%-39% of
the total decline), for all income groups in these countries. The lower-
income countries are similar to the global average, but the low-income
group in these countries consumes 3.6%-9.6% less, and about 46%—
79% of the decline is from food products. It is worth noting that the
consumption decrease in BRICS countries is much higher than the global
average, at about 4.6%-10.4%. In addition, the low-income group of
these countries has the largest consumption reduction (7.7%-15.6%),
which is 1.5-2.3 times more than other groups in these countries, and
6.4-6.9 times more than the global average. Such a large decrease con-
centrates mostly on energy products (84%-85% of the total decrease in
consumption).

We also calculated for each country the change in the Engel coeffi-
cient (i.e. proportion of money spent on food in the household expen-
diture), which is widely used as an indicator of a nation’s standard of
living. Fig. 4 shows that the global Engel coefficient rises by 2.6%-7.6%
on average. The Engel coefficient for the low-income group increased by
5.3%-15.4%, while the Engel coefficient for the high-income group
changed slightly (up by only 2.0%-5.0%). At the regional level, coun-
tries with large increases in Engel coefficient include Brazil and Mexico,
but also high-income countries such as the European Union and the
United Kingdom. Brazil shows the highest increase in Engel coefficient
with 11%-38%. However, the Engel coefficient of some countries in
high-income countries, such as the United States, rose less, only by
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0.2%-0.4%. Further, we find that countries with larger increases in the
Engel coefficient have greater inequalities in that coefficient across in-
come groups. For example, the Engel coefficient of the low-income
group in Brazil grew by roughly 98%, which is 5.3-5.7 times the
change of the high-income group. The change in the Engel coefficient in
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(For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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3.3. Disparity in the impacts on human needs satisfaction by dimension

We further assessed changes in the satisfaction of human needs with
the fundamental human needs framework established by Vita et al.
(2019). (Fig. 5). At the global level, households’ satisfaction of human
needs would drop by 2.1%-4.9% on average across the eight human
needs dimensions, with the most substantial decreases in two di-
mensions: Creation and Protection, falling by 3.7%-8.5% and 3.6%-—
8.4%, respectively. Subsistence shows a decline of 2.8%-6.6%, which is
in accordance with the change in the Engel coefficient. The satisfaction
in Leisure and Freedom would decline by 2.0%-5.1%, close to the
overall average change in human needs, whereas the impacts on Un-
derstanding, Identity, and Participation are the smallest, ranging from
0.6% to 2.6%.

Changes in the most affected human needs’ category satisfaction
(Creation and Protection) are closely tied to the decline in the con-
sumption of energy-related goods, such as natural gas. This is evident for
material dimensions of human needs, that is, the satisfaction of Pro-
tection, which can be provided by energy-related goods (such as heating
fuel). For example, as tensions between Russia and Ukraine keep
growing and European gas import has not been replenished, rising en-
ergy bills could trigger a steep decline in household energy-related
consumption, including turning heating down. The IEA recommends
lowering the thermostat for building heating by 1 °C to bring down the
energy cost (IEA, 2022b). If the natural gas price for consumers keeps
rising, the household would have to set a more undesirable room tem-
perature, which avoids spikes in energy bills at the expense of the
satisfaction of Protection(Morison, 2022; Nanji, 2022; Sweney and
Lawson, 2022). In terms of non-material human needs, Creation can be
satisfied through exercising creativity in both formal and informal work
with the necessary energy, electricity or material input (Ekins and
Max-Neef, 1992; Vita et al., 2019). As the price of energy-related
products soared, decent workspace may be limited by less access to
desirable temperatures, electronic devices and commuting traffic
(ADAC, 2022; Islam, 2022; Silk, 2022), all of which are reflected in the
reduction of Creation satisfaction. In addition, the rise in energy prices
also increases the cost of raw materials for manufacturing, leading to an
extra burden on enterprises, some of which have reduced or stopped
production as a result. This has also indirectly shortened employment
opportunities and limited the satisfaction of household human needs in
Creation. Thus, the decline in energy-related product and food con-
sumption as a result of the energy price shock will impair these human
needs aspects that are inextricably tied with energy.

3.4. Disproportionate effects on the human needs by income group and
region

Low-income groups show the largest reduction in human needs
(decreasing by 3.0%-6.6%), which is about 1.4 times higher than the
global average (Fig. 5). In contrast, the average decrease of human needs
for the other three income groups (i.e., lower-middle, upper-middle and
higher income groups) is around 1.8%-4.7%, which is 30%-33% less
than the impact on the low-income group. The drop in human needs for
all income groups would be concentrated in Creation and Protection,
echoing the global trend. With a reduction in Creation of 5.4%-11.7%,
the low-income group bears the most impact.

The degree of impact of energy price shocks on human needs varies
among regions. For example, the human needs of residents in high-
income countries would decline by around 1.9%-4.1%, with the most
affected human needs dimensions remaining consistent with the global
situation. Each aspect would be affected fairly evenly, with the magni-
tude of impact being less than 5.1%. The average decline in human
needs in low-income countries is 2.6%-6.5%, around 1.2-1.3 times the
global average impact while the main affected human needs aspects are
Creation and Protection (declined by 3.8%-9.8% and 4.3%-10.9%). It is
worth noting that the BRICS countries would experience the largest and
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most uneven reduction in human needs. The overall decline in human
needs in the BRICS countries is 3.0%-6.8%, with the low-income group
seeing a 4.7%-9.9% decline, which is 2.0-2.2 times the global average.
The impact of the energy price shock on BRICS countries is more sub-
stantial on human needs aspects such as Creation and Protection, with
the low-income group living there suffering declines of 10.9%-21.4%
and 9.9%-19.8% in these aspects, respectively.

The impact on households’ human needs is related to both household
income and national development. We used the GDP per capita of 44
countries to analyze the changes of different human needs dimensions in
each income level to further explain the correlation between the impact
of energy price shocks and the changes in the household human needs.
Regression analysis reveals a significant positive correlation between
the human needs changes and the GDP per capita in the low-income
group, which is not obvious or not reflected in other income groups.
For instance, the impact of GDP per capita on the human needs of the
low-income group is particularly significant (p < 0.01) for Leisure and
Freedom, with correlation coefficients of 1.49-1.93 (Fig. 6). This means
that these human needs aspects of the low-income group would fall by
14.9%-19.3% with a 10% loss in the GDP per capita of the country
where residents dwell. In other words, the low-income group suffers
more from the energy price shocks and the magnitude of the impact is
further amplified in less developed countries. Such an influence would
be higher for Leisure and Freedom than for basic livelihoods (Subsis-
tence). Higher-income groups, on the other hand, are less affected and
do not differ considerably by the level of national wealth. A linear fit
replacing the GDP per capita with Human Development Index also
validates the findings as above (see SI Fig. S2).

4. Discussion and policy implications

Ensuring human wellbeing is a prerequisite for obtaining sustainable
development. Our study provides a cross-sectional quantitative assess-
ment of the indivisibility of the impact of energy price shocks and
human welfare from the perspective of human needs. Three aspects of
our analysis require further elaboration to provide research implications
for future attempts to improve the human needs and welfare in the face
of not only the energy price shock caused by the sudden geopolitical
conflict but also the energy price policy.

The first issue is that not only material but also non-material di-
mensions of human needs are most significantly affected by energy price
shocks. In contrast to previous findings, our research further found that
the impact of energy price shocks on residents is not limited to the living
burden, such as heating fuel shortages to meet Protection satisfaction.
The non-material dimension, i.e. Creation, may also be affected due to
the limited access to ideal space for exercising creativity when reducing
the consumption of energy products. This implies that attention also
needs to be paid to overlooked non-material human needs. On the one
hand, it is necessary to expand the assessment system of the impact of
energy prices on the household by integrating the multidimensional
quantification of human needs as a complement to the monetary indi-
cator such as living costs. This will not only enrich the evidence to link
energy poverty, energy inequality and other SDGs with human well-
being, but also facilitate the development of more comprehensive and
systematic policies to offset the potential negative social impacts of
energy price shocks or energy price policies (Ekins and Max-Neef, 1992).
On the other hand, some policies can facilitate compensating for the
inadequacy of human needs in both material and non-material di-
mensions. For example, subsidies targeting the household energy cost
would be more effective in reducing the loss of human wellbeing caused
by the RU energy price hike. Examples of such subsidies include energy
price controls and direct subsidies for energy consumers (OECD, 2022).
Additionally, expediting the replacement of gas boilers with heat pumps
through subsidies or preferential policy support can enable more effi-
cient and cost-effective heat provision (IEA, 2022b). It is very important
to not lose sight of climate mitigation goals when responding to the
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cost-of-living crises (e.g. Guan et al., 2023; Malerba et al., 2022). It is
also suggested to improve public awareness and encourage practices
that promote intrinsic motivation (rather than materiality), healthier
social norms, or integrate low-impact satisfaction culture into con-
sumption and lifestyle. Avoid-Shift-Improve (A-S-I) strategies, for
instance, can ensure the households’ accessibility to Leisure and
Freedom under the energy price shock (Arioli et al., 2020; Zhang and
Hanaoka, 2022).

Second, low-income households are most affected by energy prices,
not only in terms of higher cost of living, but also the decline in various
human needs dimensions. Moreover, there exists a general tendency for
the impact on the low-income group. That is, the low-income group in
the poorer country is affected more and the severity is inversely pro-
portional to the wealth of the country, whereas this trend is not found in
other income groups. This indicates that energy price shocks have no
substantial impact on the lives of higher income groups, regardless of
location, while low-income households, particularly those in less
developed countries or regions, suffer more. Therefore, policymakers
need to take a detailed look at the low-income group, which is currently
not receiving sufficient attention in existing energy support policy (Van
Dender et al., 2022). Targeted support should incorporate income levels
as a key criterion for determining the degree of a household’s financial
vulnerability during an energy price hike (Malerba et al., 2022). By
implementing focused policies such as cash and in-kind subsidy pro-
grams, policymakers could safeguard the human needs and welfare of
these groups while reducing the risk of widening inequality (Vogt-Schilb
et al., 2019).

Third, the integrated framework that combines the input-output
price model and the fundamental human needs framework can serve
as a valuable policy evaluation instrument for assessing the impact of
price fluctuations on human welfare. This assessment can extend beyond
energy price increases caused by sudden geopolitical conflicts and also
encompass broader price policies. For instance, the imposition of a
carbon tax, highly regarded for its efficacy in fostering carbon emission

reduction, may result in price hikes, particularly for energy-related
goods, consequently constraining household consumption and impact-
ing overall wellbeing. Our integrated framework offers a means to
evaluate the impact of carbon taxes on wellbeing. Given the increased
attention garnered by the recent implementation of the EU’s Carbon
Border Adjustment Mechanism (CBAM), it is pertinent to evaluate the
changes in wellbeing resulting from this policy and offer policy insights
from a wellbeing perspective.

We acknowledge the following limitations of our research. First, the
input-output price model explores the impact of commodity prices that
are transferred through the supply chain to affect consumers, rather than
including other transmission channels, such as the supply-demand
relationship. As a result, our assessment excludes price changes caused
by a loss in supply through the market mechanism, which may have
attenuated the extent of commodity price increases faced by consumers.
Second, this study provides an overview of changes in the human needs
satisfaction of households through the fundamental human needs
framework, rather than considering the interrelation among the human
needs aspects. A more detailed indicator framework can be further
explored to enhance the assessment of the human needs. Third, the
consumption data in WBGCD is from the original data for 2011, which is
problematic for the consumption of fast-growing transition economies in
2022. However, it is the best available global database, providing
detailed consumption patterns within the expenditure bins for each
country. Finally, our human needs satisfaction assessment only focuses
on the short-term impacts of energy price shocks, which excludes sec-
ondary and long-term effects. On the one hand, the price elasticity was
assumed to remain constant and unaffected by energy price shocks,
which assumption enables the simulation of short-term changes in
household consumption and human needs satisfaction caused by the RU
conflict (Lluch and Williams, 1975; Regmi and Seale, 2010; Woo et al.,
2018). By contrast, consumer behavior and preference may change due
to energy price changes and energy policy in the long term (Clements
et al., 2022; Ho et al., 2020; Jachimowicz et al., 2019; Mertens et al.,
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2022). On the other hand, energy price shocks provide both opportu-
nities and challenges for renewable energy development, which affects
the wellbeing of residents through affecting employment opportunities,
air pollution, etc. Such long-term dynamic impacts are not included in
our short-term analysis.

5. Conclusion

This study evaluates the disproportionate impacts of energy price
shocks on wellbeing based on detailed household data from developed
and developing countries representing more than 87% of the global
population. Our analysis reveals that non-material dimension Creation
and the material dimension Protection are the most affected human
needs globally, with declines of 3.7%-8.5% and 3.6%-8.4%, respec-
tively. Households in BRICS countries are hit hardest on these human
needs satisfaction (2.0-2.2 times the global average). The poorer the
country in which low-income groups reside, the more serious the decline
of their human needs satisfaction. The findings underscore a need for
paying attention to both material and frequently overlooked non-
material dimensions of human needs under energy price shocks. Our
study converts the vague impression of the uneven impacts of the price
spikes on wellbeing to concrete quantification and calls for attention to
non-material wellbeing jeopardized by the conflict, especially to low-
income and vulnerable households.
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