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Abstract

This PhD thesis employs and further develops the current input-output techniques
from different approaches to explore the opportunities for quantitative research on
sustainable development in developing countries, particularly applied to the case of

the fastest growing economy — China.

China’s economic success can be confirmed by showing a continuous annual Gross
Domestic Production growth rate of over 8% since 1980; being the world’s fourth
strongest economy since 2005 and the second largest exporter in 2006. China’s
economic structure has been transformed from agricultural to industrial based while
the tertiary sectors are gaining increasing importance. Much of China’s population has
been experiencing a transition from poverty to adequate food and clothes, and a
growing part of populations are changing to “western lifestyles”. The economic
reform also creates unbalanced regional development, which has resulted in

significant income gaps between rural and urban areas, coastal and interior China.

All these developments have left deep marks on China’s environment. On the other
hand, deteriorated eco-systems have the potential to affect the continuity of
development and in some regions, as for example North China. This thesis
investigates the interrelationships and interactions between the economy and the
environment in order to identify the major drivers of environmental degradation for

the fast developing economies in the “South”.

Chapter 4 designs a hydro-economic accounting framework to demonstrate how water
has been involved in production, then discharged to the natural environment with
degraded quality and its impacts to the regional hydro-systems. By applying the
framework to North China which is characterised as water scarce, the water demand
was 96% of its annual available water resources, mostly for the water and emission
intensive sectors. Chapter 5 takes a different angel by assessing virtual water flows
between North and South China. It uses international trade theory as a starting point to
address its inability to treat natural resources properly as a factor of production. Both



vi

Chapters 4 and 5 suggest that it is important ‘to design’ an economic structure as well
as trade patterns at the beginning of industrialisation process, especially for newly
industrializing countries in the “south”, from the perspective of sustainable
development. Chapter 6 conducts an IPAT-IO structural decomposition analysis on
China’s CO; emission to picture a race between consumption growth and technology
improvements over the past 20 years. It also points out that it is vital to establish
policies to switch westernising consumption trend to more sustainable consumption
patterns to reduce CO; emissions. This might be the case for many other developing

countries as well.
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Chapter 1: Introduction

1.1 Research motivation

Ever increasing production and consumption is putting a strain on the environment,
polluting the earth and damaging ecosystems. Large-scale economic development in
the North occurring in the first half of last century has left deep marks on natural
resources’ availability‘ and quality. These are dangerous side-effect of the
development model the North follows and the South emulates. In recent decades,
changing lifestyles and consumption patterns has been a common feature of most
developing nations. Increasing income provides their citizens with more options;
people’s lifestyle choices largely determine what impact economic growth has on the
environment. As nations develop and their economies grow, so too does the
consumption of resources. Nevertheless, over-consumption may not only be the result
of too many humans competing over a limited resource base but also economic elites
using that resource base excessively and abusively to the detriment of other sectors of
society, poorer nations, future generations and other species.

Water and energy are essential inputs used throughout the whole production chain of
economic goods and services. Until recently, people almost have felt free to use
environmental resources such as water and rarely give the desired economic respect to
the resources until it became scarce in many countries and regions. Consumers
allocate their incomes to purchase goods and services to maximise their satisfaction;
producers or businesses withdraw scarce resource (e.g. labour, capital, water and
energy) in a variety of productive activities to maximise their profits; and societies
allocate resources and products to consumers in such a manner as to achieve the ‘end’
— maximise welfare of the societies (Rogers 1997). Traditional macroeconomists
rarely took natural resources into consideration and thus water and energy are usually
not recognised as factors of production. But in reality both water and energy are
primary inputs to all goods and services either directly or indirectly; and its available
quantity and quality can affect output of products and thus influences the level of
economic activities especially in agricultural societies and as one will see also to some

extend in industrialising and modernising economies such as China.



Water quality is selected as an environmental indicator to study the interactions
between the economy and the ecosystem, particularly to account the environmental
degradations due to pollution discharges. Energy and its related emission (CO,) are
used as environmental indicators to analyse the driving forces of the trends in

environmental degradation due to energy consumption over the past two decades.

1.2 An impressive story: China’s “economic miracle”

China occupies almost entire East Asian landmass of about 9.6 million square
kilometres; habitats 1/5 of world population of 1.3 billion by 7% of world’s arable
land, and 6% of fresh water resources (Fischer et al. 1998). China is rich in human
resources and diversified natural resources, but lacks technology and suffers from low
per capita availability of resources.

Nevertheless, the latter half of the 20th century was the period of the ‘economic
miracle’ for East Asia. East Asian countries including Japan and Korea achieved a
high annual growth rate of GDP (Gross Domestic Product) averaging about 8%
during the 1960s and 1970s. They achieved industrialisation, urbanisation,
electrification, and motorisation in a short time period of about 20 — 30 years.
However, at the same time China was engaged in ‘socialists’ movements’, especially
the ultra leflists of the ‘Great Leap Forward’ and ‘Cultural Revolution’, which
severely stagnated China’s economic development for 30 years. China accelerated its
economic development with an annual GDP growth rate of almost 10% after
economic reforms were started in 1978. In comparison the world average was 3.3%
during the same period (Hubacek et al. 2007). By 2005, China’s GDP had reached
1.13 trillion US dollars, which put China among the four largest economies or even
the second largest economy if counted in purchasing power parity (PPP). China’s
economic reform has created very competitive and favourable circumstances for
domestic and foreign investors in terms of cheap labour costs, a huge domestic market,
low workers safety standards and environmental criterions (Guan and Hubacek 2007).
As a result, large amounts of capital have been flowing into China, especially in the
southern and eastern parts, which has made China one of the largest manufacturers
and exporters in the world (Guan and Hubacek 2007). However, Deng’s ‘ladder-up’
strategy of economic developments has increased regional income inequality, for

example, between the more affluent coastal urban areas and mainly rural' western



China and also between southern and northern regions, which can be shown by the
Gini coefficient of 0.43, and is also reflected in differing development regional
policies economic production structures, the scale of foreign direct investment and
people’s lifestyles pattern (Guan and Hubacek 2004).

The most direct and significant result of China’s economic growth is the amazing
improvement in quality of life for Chinese people. China’s population has
experienced a transition from ‘poverty’ to ‘adequate food and clothing’; today
growing parts of the population are getting closer to ‘well to do’ lifestyles. These
segments of society are not only satisfied with enough food and clothes, but also are
willing to obtain a quality life of high nutrient food, comfortable livings, health care,
and other quality services.

At the same time one could also witness a gradual transformation of China’s
economic structure of a shifting dominance from agriculture to growing shares of
industrial and service sectors, along with the availability of a wider range of products °
the consumption patterns changed. By 2003, the second and tertiary industries
contributed approximately 85% of the national GDP (Guan and Hubacek 2004).
However many of China’s industries are still characterised as labour- and resources-
intensive. Those industries, especially heavy industries were spatially allocated in

terms of geo-political reasons and less consideration of natural resource availability.

1.3 Behind the story: competing demand for natural resources

The change of production and consumption patterns directly relates to the allocation
and consumption of natural resources. Along with the large-scale industrialisation and
urbanisation since 1980, domestic, municipal, and industrial sectors started to
compete for the resources, which accelerate the exploitation and exhaustion of the
natural resources. From the perspective of energy consumption, the per capita
consumption grew from 264.3 kgce' in 1965 to 614.4 kgce in 1980, and further
increased to 1707.9 kgce in 2005 which was 6.5 times more than 1965’s level (Guan
and Hubacek 2004). The tale of self-sufficient energy supply has been broken in 1993.
Until 2005, 40% of China’s energy consumption is supplied by foreign importers.

! kgce: kilogram coal equivalent



Furthermore, the categories of residential energy consumption has been transforming
from cheap but less efficient biomass fuels to more commercial energy (e.g. coal, oil
& gas). In fact, China’s rapid industrialisation was built upon high intensive energy
consumption. China is trying to escape from that and to move towards more efficient
energy production and consumption (Peters et al. 2007).

A similar situation can be found with regards to water resources, it is already
considered as the most critical natural resource in the regions of China in terms of the
low availability of per capita volume, 2,300 m>, about 1/3 of the world average value.
During the 1990s, in every year, on average 26.6 million hectares of land experienced
drought (Wiberg 2003). The water shortage was 30 billion m® in irrigation areas and 6
billion m? in the cities (Wiberg 2003). Along with the large-scale industrialisation and
urbanisation since the early 1980s, domestic, municipal, and industrial water
consumption joined the competition for limited water resources, which accelerates the
exploitation and exhaustion of water resources (Hubacek and Sun 2001).

A growing part of the population lives in cities and together with large-scale
industries infringes on the best agricultural land, which lies on the plains in the eastern
part of the country (Wiberg 2002). About half of China’s population lives on about
one third of the country along the coastal areas and Eastern part of the country. At the
same time China’s water resources are unevenly distributed as well. Generally
speaking, the South is rich in water while the North is short in supply. North China
has only about 20% of total water resources in China, which results in the per capita
water availability in North China of as little as 225 m® (less than 1000 m® per capita is
considered water scarce), 1/10 of the national level and 1/25 of the world average
(Hubacek et al. 2007). Furthermore, there are seasonal variations of water resources
and inter-annual disparities with frequent flood and drought disasters.

Furthermore, the quality of the water is degraded due to the large-scale
industrialisation and urbanisation, which further burdens the ability of water supply.
Water is contaminated by untreated residential and industrial waste, leakages from
outdated waste-treatment systems, and due to increasing uses of agricultural fertilizers
and pesticides. About 80% of the wastewater is untreated. The concentrations of water
pollutants are among the highest in the world, causing damage to human health and
lost agricultural productivity (Ministry of Water Resources 1998). The severe
pollution and water shortages have become one of the bottlenecks for economic

development of some of the regional economies (Guan and Hubacek 2007).



In terms of water consumption patterns, its allocation has been shifting from
traditional agricultural irrigation to larger shares for industrial and domestic uses.
However, agriculture is still the main consumer in water consumption, although its
total consumption fell from 97% to 69% during the last 50 years. Industrial and
domestic users raised their shares from 2% to 21% and 1% to 10%, respectively
(Hubacek et al. 2007).

1.4 Assessing structural change with input-output analysis

Economists have become increasingly aware of the interactions between economic
activities and natural environment in their theorising and model building. Input-output
analysis is one of the most effective tools to model flows between the two systems.
An input-output table demonstrates a detailed flow of goods and services between
producers and consumers and the intermediate linkages (inter-industry analysis)
between all producing sectors in a given year. Input-output analysis has been
developed and applied in many countries as a policy tool to quantify the mutual
interrelationships among their production and consumption sectors of economic
systems, which was developed by Wassily Leontief in the late 1930s. He was awarded
the Nobel Prize in Economics in 1973 due to his contribution for the development of
the input-output model. Since the 1960s, many western countries have started to
produce input-output tables on a regular basis to research their economic structural
changes. China commenced to create input-output tables at the end of the 1970s.
China edited three trial versions for 1976, 1981 and 1985. But the first national table
with 117 production sectors for 1987 was published in April 1991. Since then, China
officially publishes comprehensive benchmark input-output tables once every five
years with more than 110 sectors; and during the five years, China published an
extended input-output table in years with last digit being ‘0’ or 5°, with less than 40
sectors. The latest table was released in September 2006 for year 2002 with 124
sectors.

Over the past few decades, the input-output model has been extended and applied in
many environment studies to quantify the environmental impacts caused by economic
growth (Leontief and Ford 1972; Victor 1972; Chen 1973; Forsund 1985; Duchin et al.
1993; Marcotullio et al. 2005; Peters and Hertwich 2006), as well as estimating future



environmental challenges (e.g. Duchin and Lange 1994; Hubacek and Sun 2000, 2001,
2005). This research is designed to further develop various approaches of input-output
analysis and apply these to the Chinese economy in order to investigate the impacts of
economic structural transitions and people lifestyles changes to water and energy
resources and their related emissions. This thesis’s input-output discussion is based

on (comparative) static input-output analysis.

1.5 Research purpose and objectives

This research aims to investigate the driving forces of natural resources exhaustion
and environmental degradations using China as a case study. China has been engaging
in large-scale economic ‘experiments’ (e.g. establishing special economic
development zones) and structural economic and social transformations at great costs
for its environment. By doing so, many other countries in the “south” could learn
from the experiences from both past western and current Chinese developments to
leapfrog to a more sustainable development. The specific objectives of this research
are:

» Providing a historical review starting in 1949 on China’s economic development,
and describing people’s lifestyle changes and its influences on water and energy
consumption (Chapter 2).

» Describing the evolvements of input-output analysis and its variations and
applications to environmental studies (Chapter 3).

> Developing a hydro-economic accounting framework to investigate the
interactions between economic production and the hydro-ecosystem (Chapter 4).

» Introducing and further developing the concept of virtual water flows with critical
discussion on international trade theory and its applications to regional trade in
China by adopting and further developing a hydro-economic accounting
framework (Chapter 5).

> Incorporating the IPAT model into structural decomposition analysis to assess the
changes in CO, emissions triggered by population growth, lifestyle changes,

economic structure transitions and technology improvements (Chapter 6).



1.6 Thesis outline

The document has been divided into seven chapters. Chapter 2 provides the
background of this research, which gives an overview of the past 50 years of China’s
economic development influenced by policies, people’s lifestyle changes, and shows
their influences on water and energy consumption. Chapter 3 is a literature review
chapter on input-output analysis, which comprehensively explores the developments
of input-output techniques and the applications to water and energy research,
especially with regards to China. Furthermore, section 3.3.2 discusses the evolvement
of the economic-ecological model which provides the background for development of
the hydro-economic water accounting framework in Chapter 4. Section 3.3.6
discusses the applications of input-output techniques in China which partly serves the
needs of Chapter 5’s research on virtual water flows in China. Section 3.3.7 explains
the linkage between IPAT and structural decomposition analysis, which paves the
roads for the construction of IPAT-IO SDA in Chapter 6. |

Chapters 4 — 7 are the results sections. Each chapter discusses a separate topic with
specific method section based on various input-output techniques, application of the
respective approach, followed by discussion of results and conclusions.

Chapter 4 develops a hydro-economic accounting framework by combing economic-
ecological input-output technique with a mass balanced hydrological model to
evaluate the impacts of economic production to hydro-ecosystems.

Chapter 5 uses this hydro-economic accounting framework developed in Chapter 4 to
assess China’s regional “virtual water flows” via trade flows with critical discussion
on international trade theories.

Chapter 6 presents a new methodological approach to establish the structural
decomposition analysis by incorporating the IPAT model into the input-output
framework; and further applies the framework to eight consecutive Chinese national
input-output tables with 18 sectors, covering the years from 1981 to 2002 represented
in constant producers’ prices, to investigate the main drivers of energy consumption
and related CO, emissions. At the end of this chapter, the author sets up a simple
experiment to investigate what level of technology China would require by continuing

the race with consumption growth.



Chapter 7 summarises the main findings and lessons from the above case studies with
policy recommendations on sustainable consumption in a developing country’s

context.



Chapter 2: A Co-Evolution of Production Possibilities

and Consumption Patterns’

This chapter gives an overview of changing lifestyles influenced by different policies
over more than 5 decades of China’s volatile development, then picks a few key areas
such as diet, housing, education, water and energy consumption to exemplify these
changes and discuss some of their causes. In particular, this chapter is designed to
1. investigate how changing policy foci directed economic development and
resource allocation;
2. describe lifestyle changes under different stages of economic development
with special consideration of urban — rural disparities.
3. generate historical trends for domestic resource consumption along with
lifestyle changes, particularly for energy and water consumption.
This chapter uses general statistics to describe people’s lifestyle changes starting at
procommunist China of 1949 until today 2005 and environmental implications are

exemplified through energy and water consumption statistics.

2.1 A brief review of pre —1949: rich versus poor: lavish lifestyles

contrasted by plain survival

Before 1949, most parts of China were experiencing unrest and turbulence due to
warfare. Over 80% of the total population lived in rural areas. They were engaged in
traditional agricultural production.

In rural China, 91% of villagers (peasants) lived on rented land from rural feudal lords
(Yang 1986). More than half of the surplus products produced were used to pay

? Some results of Chapter 2 have been published in Futures: The Journal of Policy, Planning,
and Futures Studies, entitled “Changing Lifestyles and Consumption Patterns in Developing
Countries: A Scenario Analysis in China and India” (Hubacek et al. 2007). Other parts of
Chapter 2 are part of a submission to Energy Policy co-authored with Feng, K and K.
Hubacek. In addition, the results of this chapter have been presented in International
Workshop on Driving Forces for and Barriers to Sustainable Consumption. 05 -06, March
2004. Leeds, UK
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extremely high rents and loan interests to the landlords (Gabriel 1998). Therefore,
there were two completely different lifestyles in rural China. Peasants worked hard for

the whole year and produced the agricultural outputs, but they were living under dire
poverty and struggling to feed themselves. The daily diet structure for peasants was

coarse bran with cheap vegetables, and meat consumption the exception. In contrast,

the feudal lords obtained a large income mainly from rents and loan interests. Their
lifestyle was much more lavish than the peasants’.

In urban areas, the first industrialisation took place around 1842 after the Opium War
when western capitalists encroached the land to build factories and drove the original
small economy bankrupt (Lu 2003). As a result, urban workers had to be employed in
capitalist enterprises, for which they received little wages but worked over 12 hours
per day. Although the some artisans could work independently, the products could
only be sold to the large-scale merchants with price setting power (Gabriel 1998).
Consequently, they also received unfair payments. For most urban residents, their
lifestyles were as plain as for the rural peasants. Figure 2.1 clearly describes the
‘starvation’ throughout China demonstrating that the majority of income (e.g. 88.2%)

was spent on staple food and clothing simply for survival.

Figure 2.1The consumption pattern of Chinese people prior to 1949
ﬁ 9.2%

&

¥ Food

H Ciothing

B Rent for house

®Fuel & light
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Data source: (Yang 1986)
Generally speaking, people’s demands on natural resources were very basic.
However, the category of resource consumption was much different in terms of the
income classes of the populations. The rural landlords and urban capitalists were
living in luxury houses with heating supplied by burning coal and firewood; some
even had electricity for lighting, however, this was only available for a very small part
of the total population (Guan and Hubacek 2004). Most Chinese just acquired free or

cheap resources for their livelihoods; water was only for drinking and cooking, stalks
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were the main source for heating and cooking, and kerosene was the only commercial

energy for lighting (Guan and Hubacek 2004).

2.2 Beginning of communism (1949-1957): recovery of the economy
and improving lifestyles

The premier task after the New China was established was to recover from the
damage done during the war and to generate new economic development. Due to
geopolitical reasons, China created a Soviet-style ‘Socialist Planning System’ giving

priority to heavy industry development in cities.

2.2.1 Planning economy and stimulating productivity

Under the socialist planning system, the central government planned the quantities of
output command and allocated resources and materials. Public ownership of “Means
of Production” is a significant characteristic of this kind of planning economics. The
huge income disparities of the feudal era were drastically reduced during this time
period.

In rural China, the redistribution of land’ effectively stimulated China’s agricultural
aggregate output that increased by 25% in real terms from 1952 to 1957, and with it
grew the income and the consumption of peasants (State Statistical Bureau of China
1982).

In cities, the central government redistributed the unequal regional development from
coastal to interior areas which were closer in proximity to raw materials and energy
resources. This stimulated industrial productivity and worker’s motivations to produce
increasing outputs. Even though industry made remarkable efforts on urban
constructions, the industrial sector only contributed 7% of annual GDP on average as
compared to the primary sector, which produced 74% of GDP (Demurger 2001).
However, 90% of China’s capital was concentrated in the urban industrialisation,

which foreshadowed the significant economic developments in cities.

3 Land Reform of 1950 was implemented throughout China’s rural areas, which demolished
the old rural landlord system and replaced by a self-exploiting direct production system,
which was completed in 1952 (Gabriel 1998)
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2.2.2 Steady improvement of people’s living situation

The effective beginning of ‘new’ China’s economic development contributed to the
growth of people’s net income levels. Figure 2.2 shows people’s annual consumption
expenditures increased by 2.3% in countryside and 3.2% in cites respectively. Those
increases led to some improvements and poverty reduction. The figure of poverty
population decreased from 71.9% prior to 1950 to 64.4% by the end of the 1950s (Hu
2003). From the perspective of people’s consumption pattern during the first Five
Year Plan (FYP), food and cloth still dominated the majority of people’s income as
shown in Figure 2.3., and one can see that there was no significant difference between

urban and rural lifestyles.

Figure 2.2: Residents’ consumption levels in 1950s  Figure 2.3: Peasant’s consumption pattern in 1957
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Data source: (State Statistical Bureau of China 1987) Data source: (Yang 1986)

In terms of food consumption, people’s dietary structure changed from surviving to
increasing consumption of higher quality and more diverse food products such as
pork, fruits, milk products and eggs; the total calorie intake and material consumption
grew rapidly, for example, grain consumption increased by more than three times and

cloth consumption more than doubled (Table 2.1).

Table 2.1: Per capita consumption of selected goods
Grain (kg) Pork (kg) Fresh Eggs Cloth (piece)
(kg)
Pro-1949° 61.0 2.0 0.2 32
195771 203.0 5.1 1.3 6.8
Data Source: (Yang 1986)

* The data of pro-1949 was estimated by Yang (1986)
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Housing was another important category establishing significant differences between
urban and rural lifestyles. Although the types of houses were similar (bungalows),
urban residents enjoyed their houses, as ‘welfare benefits’> while rural peasants had to

pay for the houses by themselves (Taylor 1996).

2.2.3 Biomass for villagers, coal for city dwellers

There was a substantial difference in residential energy consumption pattern between
urban and rural households. Urban residential energy was more commercial energy
based, while biomass fuels dominated energy consumption in villages, accounting
86% of the total household energy usage (State Statistical Bureau of China 1982). For
example, coal and firewood were purchased for cooking and heating in cities, in
contrast crop residues and stalks were used in rural cooking and heating because this
was free and convenient to acquire. In addition, about 90% of Chinese cities had been
provided with electricity for residential lighting by the end of 1950s (Luo 1998),
while most rural people still kept the traditional way for lighting by using candles and

kerosene’.

2.2.4 Queuing for wells

China’s water withdrawal was mainly used for agricultural irrigation, which
accounted for 97.1% of the total water consumption in 1949. The amount of industry
water consumption increased four times from 2.4 billion m’ in 1949 to 9.6 billion m’
in 1957, as shown in Table 2.2, because of the large-scale industrial developments in
urban China during the first Five Year Plan (FYP) (Ministry of Water Resources of
China 2000). Meanwhile, per capita residential water usage for urban households
slowly increased from 28.5 to 38.4 litres per day’. The main reason was that most
people still got their water from a source near their home for daily drinking, cooking
and washing in rural China. Showering or bathing were rare activities for Chinese

people at that time. This was different to urban China as the infrastructure of the water

° Housing commercialization was restricted at that time. The houses were provided by
government or State-owned employer and came as a part of their jobs.

® The governmental provided 1kg kerosene for each rural household per year for lighting
(Zheng 1998).

" The figures were calculated based on the data provided by Ministry of Water Resources of
China (1999) by the author.
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supply system was quickly expanded in order to ensure the industrial output during
the first FYP. The urban water supply system only covered 60 cities prior to 1949, and
expanded to more than 150 cities by the end of 1950s, which created great gap of

residential water usage between urban and rural China.

Table 2.2: Water use in China 1949 — 1957

1949 1957
billon m’ percentage  billon m’_ percentage
Agriculture 100.1 97.1% 193.8 94.6%
Industry 2.4 2.3% 9.6 4.7%
Domestic 0.6 0.6% 14 0.7%
Total 103.1 100% 204.8 100%

Data source: (Ministry of Water Resources of China 1999, 2000)

2.3 A tumultuous period: political conflicts and economic stagnation:

1958-1978

Economic recovery stopped in the following years. Instead, the radical left took
possession of governmental politics and their ideas quickly spread to all areas of

social and economic life.

2.3.1 A crash industrialisation program - ‘Great Leap Forward’:1958 —

1960
In early 1958, Mao called on China to ‘walk on two legs’, which further emphasised

the importance of heavy industry, especially iron and steel productions (Lu 2003).
Thousands of small steel-making furnaces were set up in rural China® throughout the
country in response to Mao’s call of ‘steel as the key link’. Ironically, 90% of these
types of steel products could not be utilised and had to be remelted which obviously
resulted in am extreme low energy efficiency’. As a significant number of peasants

switched to industrial production, particularly to steel production, natural disasters

¥ The household registration system was implemented to ensure the control of steel outputs.
Households were the basic unit of producer communities.

? The annual growth rate of energy consumption was 26.7% during the Great Leap Forward
period, but the annual average change of GDP growth was -2.0% (State Statistical Bureau of

China 1987).
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resulted in the dramatic decreases of agricultural output causing serious starvation for
large parts of the population in the early 1960s.

The decline in GDP directly influenced people’s livelihoods. As shown in Figure 2.4,
the average value of consumption level decreased from 125 Yuan in 1958 to 104
Yuan in 1962, the value reached the lowest point of 99.4 Yuan in 1961, which

completely negated the economic efforts during the first FYP (State Statistical Bureau
of China 1987).

Figure 2.4: People’s consumption level 1958-1978
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Data source: (State Statistical Bureau of China 1982, 1987)

2.3.2 Economic disaster — ‘“‘Cultural Revolution”:1966 — 1976

Although the failure of the Great Leap Forward was disastrous, Mao still believed
leftist politics could be used to achieve a circumstance of equalitarianism in China’s
society. By contrast, Liu Shaoqi and Deng Xiaoping believed that the socialist society
had to be built based on a sound economic base. They believed that some income
inequality is a product of an effective economic development, which should be
reduced to acceptable levels but not minimised or annihilated. Due to the
inconsistency in political opinions, Mao launched the ‘Cultural Revolution’ against
any kind of Western or capitalist ideology. The government concentrated all their
energy in large-scale political movements; China’s economy reached the brink of
collapse at the end of the 1960s. The annual growth rate of GDP per capita declined
for two years by -5.7% in 1967 and -4.1% in 1968 respectively (State Statistical
Bureau of China 1987).

The radical movement almost ended in 1972. Chinese government returned to normal

and started to re-construct the national economy under the national work plan of
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‘increasing equipment imports and enlarging economic exchange’ (Lu 2003), which
resulted in a 2.7% annual growth rate of GDP per capita from 1970 — 1978.

During these 20 years, China’s population grew by 50% from 660 million in 1958 to
963 million in 1978 putting further strain on the already limited resources (State
Statistical Bureau of China 2000). The average annual growth rate of GDP per capita
was 3.2% over the two decades while other Asian countries (i.e. Japan) were

developing fast with economic growth rates of about 8% (Guan and Hubacek 2004).

2.3.3 Basic livelihood and traditional lifestyle

The devious economic development during this period resulted in a stagnation of
improvements in people’s livelihoods. During the “Great Leap Forward”, people’s
consumption levels significantly declined both in urban and rural China. Therefore,
China had to use the next three years (1961 — 1964) to restore people’s consumption
standard to levels prior to 1957. At that point, the consumption level started to grow
again; the 20 year period following 1966 the average consumption growth rates were
2.9% in cities and only 1.37% in rural areas. Table 2.3 illustrates the consumption
pattern of Chinese peasants; food and cloth still dominated the majority of people’s
consumption expenditures without any notable changes in other consumption
categories, which at least demonstrated that peasant’s lifestyles were the same as
usual. Meanwhile, many urban residents escaped from poverty and shifted to fairly
‘adequate levels of food and clothing’ (Lu 2003).

During these 20 years, the policies were designed to fight against everything that
could be related to Western- or ‘capitalist’ links. The government prohibited Western
influences from flowing into China. Therefore, people had no opportunity to realise
how huge the differences were between themselves and Western people. Many
Chinese thought their lifestyles had been dramatically improved compared to the
standard prior to 1949. Moreover, they were not motivated to further change because

all the other people had the same.
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Table 2.3: Peasants’ expenditure categories (1957 — 1978)

Food Clothing Fuel Daily use  Recreation  Housing  Total

cXpensces

2.1%
- 27% 4.7% 100

67.8% 13.4%  10.0%

1963 633% 11.2% Z_::f 93%

1965 685% 105%  83% 72%  27% 28% 100

1978 678% 127% 7.1% 66% = 27% 32% 100
Data Source: (State Statistica} B’ure"aulof China 1987), (Yang 1986)

2.3.4 Less biomass for rural households, more coal for urban residents,

During the 20 years, per capita residential energy consumption barely increased in
neither urban nor rural China, mainly due to small changes in people’s life styles.
However, the energy consumption pattern switched towards more commercial energy
sources.

Before the 1970s, peasants had to seek energy sources for their residential use by
themselves because rural energy infrastructure constructions were excluded from the
national plan. Until 1975, the government allowed small local coalmines to be
developed to meet peasants’ increasing residential energy demands, which resulted in
rapid increase of coal consumption in rural areas, from 9.73 in 1965 to 95 million tons
in 1978 (Zheng 1998). However, many peasants were still struggling against poverty,
and preferred to save for better food and clothes rather than buy fuels (e.g. coal).
Therefore, biomass fuels still occupied 85% of total rural energy consumption, but

some commercial energy started to be consumed as shown in Figure 2.5.
Figure 2.5: Rural residential energy consumption pattern prior to 1978
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Cities were granted favourable policies in construction of energy infrastructure.
Prioritising all resources to cities provided sufficient energy to industries and also to
cities dwellers. Each urban resident consumed 774 kgce'® commercial energy per year
(70% was coal for heating and cooking), which was about 6 times more than rural
people (Pan 2002). By 1978, electricity became a popular energy source for lighting

in 90% of urban households while peasants generally were still using kerosene lights.

2.3.5 Wells in rural China but tap water in urban China

Similarly, the development of water infrastructure did not happen in rural China.
People had to acquire their living water from wells, which did not allow for
significant increases in rural household’s water consumption.

By contrast, per capita residential water consumption in cities grew at an outstanding
rate of 4.7% annually during those 20 years due to the tap water system being
established for almost 90% of the cities. By 1980, the per capita residential water
usage for urban households was 97.3 litres per day (Ministry of Water Resources of
China 1999). The figure includes the daily usage (e.g. cooking, drinking and washing),
and other regular activities, such as horticultures and showering and bathing in public

bathing places.

2.4 A stirring period: new policies, booming economy and
diversifying lifestyles since 1980

In December 1978, Deng Xiaoping launched the economic reforms and established
the ‘open-door policy’ at the Third Plenum of the Eleventh Party Congress. Since
then, China’s economic system has fundamentally changed from a central planning
economy to a mixed system with elements of central planning and market
mechanisms. By following that, China succeeded in achieving an annual growth rate
of GDP per capita of 8.6% in real terms'' for more than 20 years. People’s living

standards rapidly improved and their lifestyles diversified.

10 kgce: kilogram coal equivalent.
' The GDP per capita is calculated at 1995 constant prices. Tibet and Hainan was not
included due to missing data for GDP components. The data source is (State Statistical

Bureau of China 2002).
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2.4.1 Deng’s “open-door” policy

In rural China, the government decided to change rural agricultural policies in 1978 to
guarantee higher levels of agricultural output. The ‘Household Responsibility System’
was therefore established throughout the country. Under this system, peasants could
independently arrange, produce and sell their products, which effectively stimulated
peasants’ motivations and responsibility and was enthusiastically accepted. As a
result, agricultural outputs grew to almost four times the pre-reform level by 1997
while productivity increased 1.5 times during the same period (Fan 2002).

Another important government activity in rural China was the opening up of the rural
economy. The rural enterprises have therefore been dramatically developed during the
past two decades. In the early 1980s, employment in the agricultural sector accounted
for 97% of total rural labour, but this figure declined to 60% in 2005 (State Statistical
Bureau of China 2006), which is still a considerable share. The new rural economic
structure led to a growth in peasants’ net income from 133 Yuan in 1978 to 521 Yuan
in 2005 in 1978’s price; the annual growth rate was 5.2% in real terms (State
Statistical Bureau of China 2006).

In cities, the real reform did not actually start until the end of 1984 (Hu 2003). The
central government granted more autonomy to local authorities, which formed the
basis for domestic competition between provinces (Hu 2003). The direct consequence
from this competitive mechanism was an increase in industrial productivity resulting
in rapid GDP growth. In addition, China started to intensively attract foreign direct
investments and an increasing share of international trade relationships since the early
1990s, which not only made a significant contribution to China’s economic growth
but also brought advanced technology and management systems to Chinese
enterprises (Fan 2002). Consequently, city dwellers’ net income increased as an
annual growth rate of 6.2%. By 2005, the average income for each urban resident was
10,493 Yuan in absolute price and 1727 Yuan in 1978’s price, three times more .than
peasant’s level. People did not only settle for sufficient food any more; and started to

purchase high-quality goods and adopted more diverse lifestyles.

2.4.2 Rapid consumption growth

Figure 2.6 and 2.7 illustrate the changes of consumption pattern from 1980 to 2005

for the average rural and urban residents respectively. All the numbers in both figures
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are in 1978 prices. The proportion of expenditures on food and cloth steadily
decreased while the proportion of other items’ increased. The figures for food,
housing, education expenditures, and water and energy expenditures significantly
changed; therefore those indicators are selected to reveal people’s lifestyle changes

since the early 1980s.

Figure 2.6: Rural consumption expenditure Figure 2.7: Urban consumption expenditure
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2.4.2.1 Diet change:

Although food and cloth still dominated people’s expenditure both in urban and rural
areas, the share has been progressively decreasing since 1978 (see Figure 2.6&2.7).
From the perspective of food structure, people’s diet contained more meat and
nutritious food (e.g. eggs and aquatic products), but less cereal products. Figure 2.8
illustrates the decline of grain consumption in both rural but mainly in urban China in
recent 10 years. The decline of grain consumption does not mean the total calorie
intake decreased, but rather that one can observe a switch to more diverse diets with
higher share of meat, fish, fruits, etc.

In fact, there is a substantial gap in the consumption patterns of urban and rural
consumers due to the inequality of income levels. For example, per capita grain
consumption in 2005 by rural households (209 kg) was almost treble that by urban
households (77 kg). Meanwhile, urban per capita consumption of pork, red meat,
poultry, eggs and aquatic products were much greater than rural consumption, as
showed in Figure 2.10 and 2.11. But the saturation of the pork market in urban China

is narrowing this gap between urban and rural pork consumption (Wu 2003).
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The significant increase of availability of meat and other dairy products boosted the

development of livestock production, and other agricultural products (Hubacek and

Sun 2001). As a result, diversified agriculture emerged in rural China, as many

peasants shifted from the traditional agriculture of crop cultivation to more

commercial agriculture. As Figure 2.9 shows, the share of livestock output almost

doubled from 16% to 30% in 1970 — 2000. The fishery production even grew at a

higher rate. One of the outstanding features in the changes of agricultural structure is
that the share of grain drastically declined from 78% to 50% (Gale 2002). Along with

the emergence of diversified food and changing demand, the industry of food

processing and manufacturing has been flourishing since the reform.

Figure 2.8: Grain consumption 1978-2005 Figure 2.9: Share in agricultural output
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Figure 2.10: Rural non-cereal consumption Figure 2.11: Urban non-cereal consumption
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2.4.2.2 Housing and household appliances

The outstanding increase of expenditure on housing during the time period from 1978
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to 1990 both for rural and urban households (as shown in Figure 2.6 & 2.7) could
reveal people’s willingness to improve their living conditions. Many rural households
rebuilt and extended their bungalows by using building materials of concrete bricks
and tiles instead of marl and wood. At the same time, per capita living space expanded
from 8.1 m® to 24.2 m?, and the lifespan of houses extended by more than 20 years
(State Statistical Bureau of China 2002).

In urban China, the problem of housing shortage was much more serious than in rural
areas. The per capita net living space for urban residents was only 3.6 m> prior to
1978, mainly because of restrictions on private house ownership. Cities dwellers
urged the development of housing. Since 1981, the Housing Reform Policy was
introduced to solve the problems of urban housing shortages and poor housing
conditions. This policy encouraged private ownership and people buying their own
apartments. Meanwhile, the government, state owned enterprises, individuals and
overseas developers invested significant funds into the urban housing development.
Lin (1991) estimated that the total housing investment between 1979 and 1990 was
6.8% of total GDP. As a result, city dwellers started to move from previously tiny
bungalows or apartments to new Multi-stories apartment blocks or even high-rise
buildings, and per capita net living space increased to an average of 15.5 m” in 2001
(State Statistical Bureau of China 2002).

People settled in more spacious living places that allowed them to shift their attention
to household appliances and other durable goods. For example, since the 1980s, urban
residents spent increasing amounts on large durable furniture (e.g. wardrobes, beds
and sofa etc). Household appliances have kept a constant share of urban household
expenditures for investment since 1985 (shown in Figure 2.7), while the categories of
household appliances have been changed. This development was also enabled by an
increasing rate of household electrification since 1990. Therefore, household electrical
appliances purchased by people quickly increased in both quantity and category
during the past ten years (as showed in Figure 2.12). For example, purchase of
refrigerator and colour TV in urban areas has both doubled in 2005 compared with
1990. Colour TVs have already covered over half of rural China, and other categories
of electric appliances have also rapidly spread through China.

Similarly, the latest consumer items such as air conditioners, personal computer,
mobile phones and automobile, were previously the sign of the wealthy, increased

significantly as well. Air-conditioners and personal computers have become essential
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household items for many families. Mobile phones are popularised in urban China;
every household had on average 1.37 sets in 2005 (State Statistical Bureau of China
2006). The dream of owning a car is a reality for only a few households but it is still a
far away goal to the mid/low income households.

The changes in consumption structure find also reflection in the production structure.
For example, the popularisation of household electrification dramatically boosted
household appliances industries. The electronic industry has become the largest
industry in China, which contributed about 8-10% of GDP, and 30% of export profits
(State Statistical Bureau of China 2006).

Figure 2.12: Urban Household Appliances
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2.4.2.3 Education

With the unfolding of the reforms and liberalisation, more and more peasants have
realised that increased education would make them more productive and employable.
Therefore, they are willing to pay more for education, especially for their children.
Rural residents view schooling as a means to migrate to an urban job; the people with
the highest level of education and skill are the most likely to enter non-agricultural
work, leaving the less skilled in farming (Gale 2002). As a result, almost 60% of the
youth population in rural China could complete the nine years compulsory education,
and 15% of them could be sent to colleges for further studies by 2001. Meanwhile,
almost 20% adult peasants joined part-time courses to learn about and acquire new
agricultural technology. Although the above figures are not outstanding, it is pleasing
to see the transformation of turning peasants into modern peasants, which speeds up
the commercialisation and modernisation in rural China.

In cities, people’s ideology is progressively opening up to the West as they admit to
and try to reduce the disparity between themselves and Western lifestyles. It not only
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shows in spending on general living conditions, but also in the gradually increasing
investment in education and medical care. ‘Go abroad to study or work’ for the youth
generation (age: 19-36)'? has become a popular topic in urban China today. The total
number of overseas people dramatically increased in the past couple of years. For
example in 1978, only 860 people, most of which were sponsored by government
went abroad to study or work, the figure leaped to 84.0 thousand in 2000, and doubled
again in 2001. By 2005, the total amount reached 118.5 thousand, 93% of them
financed by themselves (State Statistical Bureau of China 2006). Although ‘Go
abroad’ could not happen to everyone, it accelerates the process of people’s
realisation of the West, and stimulates urban households to further aspire “Western”

lifestyles.

2.4.2.4 Diverse energy sources in villages and cleaner energy in cities

Adequate energy support is the basis of China’s rapid economic development and
household modernisation.

Even to date, non-commercial energy like biomass still dominates rural residential
energy consumption patterns. For example, bio-gas, stalks, firewood and other non-
commercial energy sources contributed approximate 85% of rural residential energy
in 1980, and 74% in 2004. The overuse of biomass energy caused problems such as
land degradation of cultivated land and forest resources. Since the policy of biomass
ehergy conservation and forestation were established in the middle of the 1990s, the
absolute amount of biomass energy consumption has fallen from 250 Mtce' in 1995
to around 200 Mtce in 2000. However, the total amount of residential energy is
continuously growing, with major increases from commercial sources. The total
amount of commercial energy consumption grew remarkably by 3.6 times, from 41
Mtce in 1980 to 198 Mtce in 2005. Therefore, it is interesting to note that commercial
energy for rural residential uses seems to gradually replace biomass energy and
become the major energy source in the future. Coal consumption shows a descending
tendency after 1988, which demonstrates that coal is no longer the favourite source
for rural household daily use. In addition, the government encouraged people to use
fuel-saving stoves to replace the traditional ones since 1986. The fuel-saving stoves

could increase the thermal efficiency by 25% - 30% (Zheng 1998), as contributes to a

12 These are either self-supported or supported by their parents/relatives.
13 Mtce: Million tons coal equivalent
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reduction of coal consumption. By the end of 1997, the fuel-saving stoves had been
installed in 180 million rural households, which. accounted for 89% of rural
households (Wang 1998).

The improvement of urban people’s living conditions significantly changed urban
residential energy consumption pattern. In terms of heating, most urban areas still
keep the traditional way of heating by burning coal'*. The increase of per capita net
living space is likely to result in more coal being consumed. However, the previous
type of individual heating has been switched to large-scale central heating as people
moved from bungalows to apartment blocks, which effectively enhanced energy
efficiency. Furthermore, many rich cites (e.g. Beijing) have introduced the ‘home heat
control system’ of heat supply to allow individual regulation of the heat. Furthermore,
the government provides LPG (liquefied petroleum gas) or gas pipelines for people’s
daily cooking instead of traditional cooking by burning coal, to reduce urban coal
consumption. Per capita coal consumption for urban residential use rapidly declined
from 348.5kg/year in 1985 to 88.2kg/year in 1999, and further to 48.1kg/year by 2004.
But in contrast, the per capita residential electricity consumption increased more than
four times during the same périod due to increased purchase of a variety of electronic
household appliances. Electricity has become the dominant energy consumed in all
Chinese cities, accounting for 59% of the whole household energy consumption (State
Statistical Bureau of China 2001).

2.4.2.5 Water reform in villages, potential scarcity in cities

Reflecting changes in lifestyles, also residential demand for water has significantly
grown since 1978, although it remains a relatively small share of total water
consumption, which is 3.8% in cities and 6.8% in the countryside (Ministry of Water
Resources 1997)

The per capita water consumption in rural area was 89 litres per day and 244 litres in
urban area in 2000. The reason of this noticeable gap is due to the lack of water
infrastructure in rural China (especially tap-water supply). Many rural residents still
need to extract water from wells. However, this indicates that rural residents would
have great potential demand once the infrastructure is constructed. According to the
1997 census of agriculture, only 17% of rural households had access to tap water

(USDA 2000). With the increase of peasant’s net income level an increasing demand

' Household heating mainly happens to the northern China.
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for water related household appliances such as kitchen sinks, washing machines, and
shower heads (standard urban amenities) is evident but hard to achieve due to the poor
water supply situation. Therefore, the demand for improving rural water infrastructure
has progressively increased in recent years. The Chinese government invested 4
billion Yuan in 2000 in order to construct water tap supply systems in rural China,
which has already covered 41% of the whole countryside by the end of 2002.

More and more efforts have been made in improving housing conditions in cities. If
one compares the present housing design standard with previous ones, now, over 70%
of the new “apartments have flush toilets, kitchen sinks, showers and other basic
facilities, but only 34% of households had flush toilets prior to 1980 (Zhang 2003).
Many household appliances such as washing machines, dishwashers, refrigerators and
water heaters which were novelties in the early 1980’s are now popular among urban
households. For each 100 families, 92 had washing machines, 52 had water heaters by
2001 (State Statistical Bureau of China 2002). All those housing improvements
contributed to the increase of per capita daily household water consumption from less.
than 100 litres in 1980 to 244 litres in 2000, with the expectation to be further
increased to 280 litres per day by 2010. However, compared with American daily use
with some 400 litres per capita, one can see enormous potential for further increases

of residential water demand as lifestyles change.

2.5 Conclusion

China’s case is an interesting example of how consumption patterns have been
changing in a relatively short period of time. A large share of the population (almost
70%) is still living in rural China following rural lifestyles. Often there is no adequate
infrastructure to provide for electricity and water and people have to gather their own
energy sources and collect their water from wells. The changing of their lifestyles
depends on the opportunities provided by income and availability of products and
infrastructure. The story of changes in lifestyles in China is still mainly a story of
economic development and of catching up with the rest of the world. People mainly in
urban areas are closer to a “Western Ideal” in terms of consumption of products and
services. Sustainability in consumption is not quite an issue yet. The first goal is to

achieve a certain standard before thinking about the environmental side effects.
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Environmental destruction in China has reached enormous scales already increasing
awareness and pressure on policy makers and production facilities. China has proven
to quickly develop from a developing country to an important economic player.
Maybe in terms of sustainability one can hope for a similar quick development. Given
the size of the economy and China’s population one would hope so.

This chapter selected energy and water as environmental indicators to assess change
of people’s consumption patterns and their direct impacts on natural resources over
the past five decades. The following chapters adopt input-output analysis to evaluate

the indirect impacts to energy and water resources and their related emissions.
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Chapter 3: Input-output Method and Tables

This chapter provides selective literature review on input-output analysis using key
articles and examples from the origin of the input-output concept, to the later
developments by Wassily Leontief, and more recent applications to environmental
studies.

Firstly section 3.1 traces the concept of production of circular flows back as early as
the 17™ century by William Petty and Richard Cantillon, which can be regarded as
early conceptualisations of input-output systems designed to portray the relationships
of production in the economy. Then the author briefly discusses the Tableau
Economigue developed by Frangois Quesnay in 1750s and Wassily Leontief’s later
contributions to the input-output method. Secondly section 3.2 describes the structure
of basic Leontief’s input-output tables and its related mathematical meanings for
quantitative analysis. Thirdly section 3.3 introduces several more recent developments
based on Leontief’s input-output techniques for environmental research, which
consists of “environmental extended input-output analysis”, “economic-ecological
model”, Leontief’s pollution-abatement model”, “hybrid input-output model”,
“shysical input-output model”, input-output analysis to water research and finally

“structural decomposition analysis on energy issues”.

3.1 Origin of input-output analysis

3.1.1 Early contributions

An input-output analysis is an analytical quantitative framework to investigate the
complex interdependences within an economy, which was developed by Wassily
Leontief in the late 1930s. However during the development, input-output analysis
borrowed some economic concepts from the earlier classical political economy such
as, productive interdependences within an economy (William Petty), social surplus
(William Petty) and general equilibrium analysis (Léon Walras). For example,
Leontief (1928) in his PhD dissertation stated that “Economic analysis should rather
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Sfocus on the concept of circular flow which expresses one of the fundamental
‘objective’ features of economic life” (quoted after Kurz et al. 1998). In fact, the other
concepts can also be found in much earlier research. William Petty (1662) coined the
famous dictum “Labour is the Father and active principle of Wealth, as Lands are the
Mother” indicated the productive interdependence between different producers in a
system characterised by the division of labour and that of normal cost of production.
Petty believed the production, distribution and disposal of the wealth of a country are
well intertwined, and the problem of value as reflecting the interrelationship among
these aspects. Furthermore, Petty (1662) put forward a concept of social surplus. He
expressed the agricultural surplus as corn output minus necessary com input,
including the subsistence of labourers measured in terms of comn, and identified it
with the rent of land (quoted after Kurz et al. 1998).

More than a century later, Richard Cantillon was greatly influenced by Petty’s work.
He put forward a tripartite distribution of products between the proprietors of land,
farmers or undertakers, and assistants or mechanics (Cantillon 1755). Moreover,
Cantillon (1755) emphasised that all members in the society relied on the basis of the
production of land; and he also had a very clear concept of reproduction for the first
time (quoted after Kurz et al. 1998).

However, it can hardly conclude that these early researches in the seventeenth and
cighteenth century are the origins of systematic economic analysis or input-output

analysis.

3.1.2 Frangois Quesnay’s tableau économique

Frangois Quesnay, a French economist illustrated a two-sector expression, proposing
that the production of commodities relies on commodities, in his publication of
“Tableau Economique” in 1758. Containing a detailed example, his following
publication, named “Analyse de la formule arithmétique du Tableau Economique de
la distribution des dépenses annuelles d'une Nation agricole”, was published in 1766,
in the Journal de l'agriculture, du commerce et des finances. Marx appraised the
Tableau “... an extremely brilliant conception ...”; (Marx 1956, p.344), quoted after
Kurz and Salvadori (2000). The Tableau was the foil against which Marx developed
his own schemes of reproduction (Kurz and Salvadori 2000). Leontief also praised
Quesnay’s work in his 1936 paper that “The statistical study presented ... may be best
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defined as an attempt to construct, on the basis of available statistical materials, a
Tableau Economique of the United States for 1919 and 1929” (Leontief 1936, p.105)
quoted after Kurz and Salvadori (2000).

The Tableau Economique portrays a circulated process of commodities and money
between the economic categories of production, distributions and expenditure which
is regarded as a reproduction process. The fundamental aim for Quesnay to design the
Tableau was to trace the origin of national revenue and the other factors which can
affect its size — factors which can be manipulated by economic policy aimed at
fostering national wealth and power (Kurz et al. 1998).

Quesnay identified two goods (grains and crafts) flows between three distinct classes
according to people’s different economic role in the reproduction process:

(1) the productive class (farmers and agricultural labourers)

(2) the proprietary class (landlords or other natural resources owners)

(3) the sterile class (artisans and merchants)

The productive class, for example farmers who work in agriculture, usually produces
value in commodities that exceeds the cost of production. The difference between
total proceeds and total costs by productive class is then distributed to the proprietary
" class (e.g. landlords) as rent. The sterile class represents the employees who are
working in industrial and manufacturing sectors, for example the artisans; however
they do not generate a revenue or surplus’’. The prices of manufactures cover just
costs of production, including the means of subsistence of artisans. One of Quesnay’s
important contributions is that he pointed out the intersectoral flows between
economic sectors (Kurz and Salvadori 2000). For example, farmers produce
agricultural goods but buy industrial products as means of production, artisans
purchase food and raw materials, and the landlords receive money as rent but need to
pay for agricultural and industrial goods and so on (Miller and Blair 1985). Both
agricultural and industrial commodities enter either directly or indirectly into the
production of both commodities. Quesnay emphasised that agriculture could generate
surplus, therefore farmers are the productive class, and manufacturing and commerce,
on the other hand, were considered unproductive, hence the expressions of Quesnay’s
‘classe sterile’are non-productive class. However, industry or manufacturing was

regarded as productive sectors later by Torrens (1821) and Marx ((1894) 1967).

15 Quesnay is a physiocrat who believed that only agriculture can generate a surplus, a
produit net (Kurz et al. 1998)
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However services were always considered with suspicion and referred to as ‘luxuries’:
stated that “this surplus, or profit of ten per cent, they (i.e. the cultivators and
manufacturers) might employ either in setting additional labourers to work, or in
purchasing luxuries for immediate enjoyment” (Torrens 1821).The Tableau was very
inspirational for many economists especially also in today’s discussion of the circular
economy and the environmental discussion. On the other hand Quesnay’s work had
many shortcomings. The Tableau Economique did not separate producers and
consumers, and the physical flows and monetary flows were mixed in one table,
which cannot be operated as a mathematical model to clearly demonstrate the
economic flows in the economy (Miller and Blair 1985).

Another important theorist of the time was Karl Marx. He discovered that Quesnay’s
Tableau was not restricted to the problem of quantities and growth: it also provided a
much needed general framework to determine the general rate of profit consistently
(Kurz and Salvadori 2000). This rate of profit was important for his political
economic vision. Marx clarified that a “determination of the rate of profit and relative
prices presupposes taking into account the total social capital and its distribution in
the different spheres of production” (Marx (1894) 1967 p.158 and 163), quoted after
Kurz and Salvadori (2000). Marx proposed a two-step procedure to determine the rate
of profit. Firstly, he specified the general rate of profit as the ratio between the value
(e.g. labour) of the economy’s surplus product and the value (e.g. labour) of capital,
consisting of a constant capital (means of production) and a variable capital (wages).
In a second step this (value) rate of profit was then used to calculate prices (Kurz and
Salvadori 2000). Karl Marx based his theoretical observations on the value theory of
labour. According to his theory of value, labour is the only source of exchange value:
Commodities, therefore, in which equal quantities of labour are embodied, or which
can be produced in the same time, have equal value.

In addition and often forgotten, he was a serious student of agriculture. He realised
that production requires both labour and nature. The labour process for Marx is the
transformation of natural resources into objects of utility for humans (Perelman 1979).
Both Marx and Quesnay developed important ideas in their theories that reverberated
within the economics profession during their time and even until today. Many
classical economists in the 19 century believed only labour and/or capital are the
factor of production but neglected the inputs from the environment (for a discussion

see Hubacek and van den Bergh 2006); but other classical theorists such as Marx and
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Quesnay were very aware of the role of the environment and elements of their

theories can be found in modern ecological economics approaches.

3.1.3 Walrasian general equilibrium theory and input-output analysis

More than a century after Quesnay, another French economist, Léon Walras (1874)
developed a theory of general equilibrium in economics. In his model, the economy
consists of consumers (residents) who intend to achieve the maximum utilisation and
the producers (firms) who maximise the profits. Labours and fixed .capitals are
provided by residents for firms to produce goods which will be purchased by residents.
All the activities can be achieved in markets. Walras utilised a set of productions
coefficients that related the quantities of factors required to produce a unit of a
particular product to levels of total production of that product (Miller and Blair 1985),
which is very similar to the technology coefficients in Leontief>s input-output model.
In the literature, on input-output analysis, one frequently encounters the view whether
Leontief’s input-output model is an offspring of Walrasian general equilibrium model.
In terms of Kurz and Salvadori (2000), Leontief also stressed at times that the general
equilibrium is the theoretical background of input-output analysis, his analysis and
that of Walras® are compatible with one another (e.g. Leontief 1941, 1966; Leontief
1986). However, there existing some differences between the two approaches.

Both approaches concerned the mutual interdependence between national income and
product 16 (Davar 2005). In Walras’ approach this interdependence is directly
expressed, i.e., the prices of factors and commodities are adjusted by the change in
quantities. This is based on the supply curves of the factors and the demand curves of
commodities, assuming that prices are uniform and are measured in monetary terms.
The equilibrium equality required two types of price for commodities: the supply
(cost of production) and demand (consumption). However Leontief adopted a
naturalistic or material point of view to investigate the economy. He focused on
“directly observable basic structural relationships” (Leontief 1987, p860) and not,
like Walras’s general equilibrium theory, on utility, demand functions etc., which
cannot be directly observed in the economy. In Leontief’s input-output approach, this

1 The national income is determined as the value of used primary factors (quantities
multiplied by their prices) and the national product is determined as the value of demanded
commodities (quantities multiplied by their prices).
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interdependence is relatively implicitly expressed. Input and output is described in
money terms where prices and physical quantities are amalgamated in one magnitude
(Davar 2000). In other words, Leontief’s input-output model has one uniform
measurement, which is in monetary terms. It has to be pointed out that Walras’s price
distinction between production factors and commodities can reflect better today’s
€conomics.

Furthermore Leontief also enriched Walrasian general equilibrium model by adding
public sector and exports on in consumption (final demand) side, and taxation and
imports on the supply (primary input) side (Davar 2005). From that moment forward,
Leontief applied input-output analysis to various economic topics: dynamic aspect of
the economy, the choice of technology, world trade, environmental pollution and so
forth.

3.2 Leontief’s basic input-output table

3.2.1 Structure of the input-output table

The significant step of a systematic input-output analysis was achieved by Wassily
Leontief in 1930, which was initially applied to determination of direct and indirect
input requirements for U.S. industrial sectors. After the Second World War, the
techniques of input-output analysis have been significantly enhanced while the
approach was spreading out to many fields (e.g. energy, materials flows and
environmental pollution) and applied in many other countries, regional or even village
or company level. And many multi-regional input-output models have been
constructed in recent years.

An input-output model or table demonstrates a detailed flow of goods and services
between producers and consumers. In other words, all economic activities could be
assigned to production and consumption sectors. As shown in Table 3.1, the basic
structure of an input-output table is divided into four quadrants, which are
intermediate transactions, final demand, and the primary inputs for production and
primary requirements to final demand. The quadrant of intermediate transactions

illustrates the intermediate deliveries between production sectors in an economy. The
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final demand quadrant describes the sales to the final consumers such as households,
governments and exports. Furthermore, an input-output table contains information of
primary inputs, which describes not only those necessary inputs for production such
as the fixed capitals, compensation of employees and taxes etc (the third quadrant). It
also describes the primary inputs to the final consumption (the fourth quadrant).

The core perspective of input-output analysis is that the technology of production of
goods and services are determined by final demand generated by users of those
products (Duchin and Lange 1994). The structure of an economy would be
coordinated or transformed in terms of the changes of people’s consumption patterns
as people’s lifestyle improves.

Table 3.1: Structure of Leontief’s input-output table
Monetary unit e.g.: Yuan

Activities Final Demand

Intermediate Total
Demand Households | Governments | Exports Output
Activities
Intermediate (Quadrant I) (Quadrant IT)
Inputs
Primary Inputs (Quadrant II) (Quadrant IV)
Imports '
Total Inputs

Modified from Bouhia (2001)

3.2.2 Mathematical representation of input-output analysis

The following section and the later chapters will concerns many mathematical
symbols, formulas and equations. Hereby, for clarity, matrices are indicated by bold,
upright capital letters (e.g. X); vectors by bold, upright lower case letters (e.g. x), and
scalars by italicised lower casé letters (e.g. x). Vectors are columns by definition, so
that row vectors are obtained by transposition, indicated by a prime (e.g.x'). A
diagonal matrix with the elements of vector x on its main diagonal and all other
entries equal to zero are indicated by a circumflex (e.g.x).

The mathematical structure of an input-output system consists of » linear equations in
n unknowns, as shown in Equation 3.1. The equation depicts that the value of total

production is equal to the intermediate deliveries plus final demand for each sector.

X, =z, +Zp+. ¥z, +y;, i=12...n 3.0

n: the number of economic sectors of an economy;
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x;: the total output of sector i;

i the total final demand for sector i's product;

zin: the intermediate delivery from i” sector to the n* sector.

A fundamental assumption in input-output analysis is that the inter-industry flows
from i to j (Miller and Blair 1985), represented as z;. By dividing z; by x; (the total
output of j* sector) one can obtain the ratio of input to output z;/x;, denoted as g,
which reflects the production efficiency with present technology. It so-called technical
coefficient or direct requirement coefficient that depicts that the requirement from
economic sector i to produce one monetary unit of product in economic sector .

Zy
jy= , 3.2)

A aj is a fixed relationship between a sectors outputs to its inputs. Thus, there is an

a

explicit definition of a linear relationship between input and output and there are no
economies of scale, rather the Leontief model represents constant returns to
scale. Thus, doubling inputs will double outputs; reducing inputs by half will reduce
outputs by half. In essence, the coefficients represent the trade from economic sector
i to economic sector j. By accepting the notion of technical coefficients, Equations
(3.1) can be rewritten, replacing each z; by a;;x;, as showed in Equation (3.3)

X =apX +apx, +eota x; b tax, +y,

X, =a21x1+a22x2 +---+a2jxj +---+a2nx" +y2

- ' 3.3)
X, =X+ X, f X+t a, X, + Y,

Xy =X, + A%+ a,x +eta,x, +y,
In matrix notion (Equation 3.4), A represents the nxn matrix of technical coefficients

(a;) and x and y is the corresponding nx 1 vector:

X=Ax+y 34)
By re-arranging above Equation 3.4 to get Equation 3.5:

x=(1-A)"y (3.5)

where the term of (I - A)” is usually written as L= (I - A)"! which is the so-called

Leontief inverse matrix. Matrix L accounts for the total accumulative effects



37

including both direct and indirect effects on sectoral output by the changes in final
demand. In other words, in order that every sector delivers one unit of final demand,
every sector has to produce not only its own final demand, but also the direct and
indirect requirements needed for its own and the other final demand. The direct
requirements in monetary term means the gross revenues received by producers for
final purchases of goods and services by consumers, government, and exports; and the
indirect requirements are the expenditures on factors of production to input supply
sectors triggered by the direct requirements.

Matrix L also reflects technical change in the economy, which are changes in the

input-output relations of economic sectors.

3.2.3 Leontief’s price model

The early version of Leontief’s input-output model was a “physical model”
represented in monetary units. Leontief was the first to study the interdependence of
prices within an inter-industry framework for the US economy, which he labelled as
the “cost-price structure” formulation or Leontief price model (Bazzazan and Batey
(2003).
p=A’ptv

where p is a column vector representing the price of products, A’ is the transpose
matrix of the technical coefficients matrix — A; v is the row vector of value added.
However, Leontief’s price model has some problems when modelling the price
change in the real world. Firstly, the model assumed that all entrepreneurs always
expect prices to remain constant (Bazzazan and Batey 2003), which cannot be always
true in real world. Secondly, one may get different price equations if one evalﬁates the
factor of price changes over time without technological improvements by assuming
that the entrepreneur always maximises the profits and minimises the losses
(Morishima 1958; Solow 1959), quoted after Bazzazan and Batey (2003). Thirdly,
most of the developed price models are based on assumption that wages are a part of
value added, but in the case of Leontief’s price model, value added is fixed even if the
price of goods has been changed (Bazzazan and Batey 2003).

Nevertheless, Leontief’s price model has been applied to interesting research such as
modeling long term economic structural changes (Johansen 1978; Duchin and Lange
1992 etc.). This model had also been applied by Leontief himself in addressing the
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environmental costs due to the economic activities already in the 1970s (Leontief’s
pollution-abatement model). Both the model and its weaknesses are discussed in

section 3.3.3.

3.3 Input-output model applications for environmental analysis

Input-output analysis has been applied not only in economic and financial accounting,
but has also been extended to account for environmental pollution and abatement
associated with inter-industry activities. These studies have been conducted since the
second half of 1960s. Since then, many scholars have been devoted to extending
input-output analysis to the research of environmental problems. Now, the input-
output analyses have been diversified to many aspects and applied to various
economic-environmental related studies. The following texts discuss several extended
environmental input-output models, including both historical approaches and
contemporary developments. Following sections 3.3.1 and 3.3.2.2, and part of

contents in 3.3.2.1 are summarised based on Gloria (2000).

3.3.1 Cumberland’s monetary environmental input-output model

The input-output analysis was applied for the first time to environmental issues by
Cumberland (1966). Cumberland’s approach was to add rows and columns to an
input-output table in order to identify environmental benefits and costs resulted of
economic development and to distribute these to each economic sector. His model is
shown in Table 3.2. Row vector q and ¢ measures the monetary estimates of any
environmental benefits or costs by sector correspondingly. Then, row vector r = g-¢
which is the overall effects of any economic activity or development to the
environment. Column b represents the costs which would be required by the public
and private sectors to eliminate the environmental emissions and restore the
environment to its base period quality levels (Gloria 2000). Cumberland’s model
adopts monetary values on environmental effects rather than measuring the emission
in physical terms. For many cases, the environmental impacts are hardly estimated in
monetary terms, and difficult to implement based on the qualitative nature of
environmental impacts (Richardson 1972), quoted after Gloria (2000). One of the key
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limitations of this model is that it does not incorporate the flows from the environment
into the economy and vice versa (Richardson 1972). .Cumberland’s model is much
closer to a “cost-benefit” analysis of environmental effects than to an analysis of
studying the interdependences and interactions between the economy and the

environment (Richardson 1972).

Table 3.2: Cumberland’s environmental input-output table

A y X Cost of

\4 Environmental
x’ Restoration
Environmental Benefit b
q)
Environmental Cost
(A 0)
Environmental Balance

r =(q-c)

Source: Modified from (Richardson 1972)
where, A is the Leontief technique matrix; V is the value added matrix; x is the
column vector of total output; x’ is the row vector of total inputs; and y is the column

vector of final demand.

3.3.2 Economic-ecological model

3.3.2.1 Daly’s and Isard’s approaches and related discussions

Both Daly (1968) and Isard (1972) developed similar approaches to integrate
economic activities and environmental processes into Leontief’s input-output
framework, so-called as “economic-ecological model”. The model can picture
interactions both within the economic and the environmental system, as well as
between them.

As shown in Table 3.3, Daly’s model (1968) employed a highly aggregated industry-
by-industry characterisation of the economic sub-matrix (agriculture, industry, and
households) and a classification of ecosystem processes, including life processes such
as plants’and animals and non-life processes such as chemical reactions in the
atmosphere, which could be captured in the sub-matrix of “flows within the
ecosystem” (Daly 1968; Miller and Blair 1985), quoted after Gloria (2000). In order
to calculate technical coefficients Daly summed up across the rows adding up
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economic and ecological commodities. His model, however, had been criticised for
using non-comparable units by incorporating ecological commodities, with no market

prices, and economic commodities, which do have such prices.

Table 3.3: Daly’s model Table 3.4: Isard’s model
Industry Ecological Industry Ecological
processes processes
o 2
v Flows between | . Flows from g
= . . industry to the - = A A,
<= industries ) <}
£ ecosystem £ S
=
[}
- g —
S g Flows from the g ks
B 2 Flows within &) £0
S 8| ecosystemto h 2 A Aee
e S indust the ecosystem S
S & Ty 0

Source: Modified from (Miller and Blair 1985)

At the same time, Walter Isard (Isard 1972) developed a similar model as Daly did for
the economic-ecologic model, as showed in Table 3.4. The essential difference is that
Isard uses the coefficients of production directly from technical data (Miller and Blair
1985). Furthermore, Isard uses a rectangular matrix for his ecological system, which
allows for several ecological commodities per sector. He also included in his
“ecological sectors” biotic and abiotic substances, such as amounts of water, nutrients
or light, and amounts of organisms. Isard defined regions, land, water bodies, and air,
which are characterised by definite ecological processes and physical flows that are
mutually dependent. In both Daly and Isards’ models, a wide variety of elements such
as land, water, chemical reactions in the air had been included and fully implemented.
Their models are the most comprehensive ones even in present days. However, the
data shortages concerning the environmental subsystem and the interaction between
the subsystems appear to be the most ambitious point (Richardson, 1972, Victor 1972,
Isard et al., 1971).

Besides the data problem, there are two additional issues regarding the above two
tables. Firstly, both models assumed linear relationships within the ecological system.
However, ecological processes are often non-linear and exponential int nature (Gloria
2000). Based on similar ideas, Steenge (1977) identified the feasibility of
mathematically formulating a viable ecosystem by using a classical activity analysis
approach — von Neumann’s model. He agreed that extreme complexity is an essential

characteristic of most natural systems (Steenge 1977 p.98). However, there would be
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a remarkable state of equilibrium: “it is generally agreed that the same species are
found in the same habitat during the same seasons for many years in succession and
that they occur in numbers which are of the same order of magnitude” (Pimentel
1966), quoted after Steenge (1977 p.99). A von Neumann’s approach allows one to
identify the stable, balanced development over time of a certain interrelated system.
However Steenge’s approach performs well without interruption by human- or
economic-activities, such as pollution. Steenge stated ... if their compositions would
be altered, or if they would disappear altogether, the system under study will easily be
changed or break down...”(Steenge 1977 p.104).

Secondly both Daly and Isard assumed that ‘free’ environmental resources remain
stable over time. Both Daly’s and Isard’s model could not capture the issue of
resource degradation, which may cause the change of the production functions (Kapp
1970; Richardson 1972; Guan and Hubacek 2007).

Since the Agenda 21 (United Nations 1992), a reflection of the overall environmental
quality has gradually become one of the vital indicators for evaluating a country’s
competitiveness. The conventional indicator of the “gross national income” (GNI) is
not able to accurately assess a country’s welfare of the general public taking the
natural resources depletions and degradations into account. Therefore, a reliable
“Green Accounting” has risen to become a vital instrument that can correctly reflect
the state of the environment and economy (Jao 2000). Keuning and Steenge (1999
p.6) stated that “a correct estimation of Green National Income thus requires a re-
calculation of National Income, simulating what would have been its size if the
economy had been sustainable”. In recent years many developed countries, including
the United States, Germany, Canada, Japan, and the Netherlands have compiled the
green GNP account while some developing countries like Philippines, Mexico,
Indonesia, India, Thailand, South Korea and China have undertaken pilot runs under
the System of Integrated Environmental and Economic Accounting (SEEA) led by the
United Nations and the World Bank (Jao 2000). However, the “green GNP
accounting” lacks a “fully developed” methodology to conduct such accounts (Denes
2002). The commonly adopted way to implement green accounting by imputing
artificial cost to environmental assets and adjusting GNP would be inappropriate
(Denes 2002). For example, Keuning and Steenge (1999) drew a parallel: “nobody
seriously proposes to value the ‘cost’ of unemployment and to ‘subtract’ this from
GDP”. Furthermore, they also pointed out that it would be fundamentally wrong to
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deduct the environmental costs from GDP, because the units are not the same as
claimed, thus such an algebraic operation is not justified, quoted after Denes (2002).
GDP is in “real money” that actually entered transactions — real dollars, whereas
imputed environmental costs are in a “hypothetical money unit’ — imputed dollars
(Denes 2002). Chapter 4 designs a hydro-economic accounting model, which
indicates that it may make more sense to account the environmental resource and its
degradation from the perspective of physical availability in future green GNI

accounting developments.

3.3.2.2 Victor’s approach

Daly’s and Isard’s models were too comprehensive to be practical enough to model.

Victor (1972) presented an approach that limited the scope of their models to accounts

only for flows of ecological commodities (free goods in Victor’s model) from the

environment into the economy and of the waste products from the economy into the
environment (Gloria 2000). Victor believed that the information of A, matrix in
Isard’s model (e.g. Table 3.4) was too difficult to obtain. Instead, he adopted the
commodity-by-industry implementation approach which allows for multiple outputs,
the ability to express economic data in monetary units and ecological data in physical
units (Victor 1972; Miller and Blair 1985), quoted after Gloria (2000).

Victor’s work was the first study in which comprehensive estimates of material flows
were used to extend input-output analysis in order to quantify some of the more
obvious links between the economy and the environment of a country. Thus, the
model was represented by commodities, industries and their associated activities

(Victor 1972), as shown in Table 3.5.

Table 3.5: Victor’s model

Commodities | Industries C‘:g::;ﬁgn OT‘:’;‘I“ Eeologieal |
Commodities U e q R
Industries \" x S
Value added W
Total Inputs q x’

Ecologicgl p M
Commodities

Source: Modified from (Miller and Blair 1983)
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In terms of Gloria (2000), the definition of the elements in Table 3.5 is below:
Economic sectors:

U = inputs of economic commodities by industries, and is referred to as the ‘use’
matrix;

V = outputs of economic commodities by industries, and is referred to as the ‘make’
matrix;

e = the vector of final demand;

q = The vector of economic commodity gross outputs,

x = the vector of industry total outputs;
q’ = the sums of columns of matrix V showing total output by economic commodities,

x’ = the sums of columns of matrices U and W showing total economic inputs of
industries.

Ecological Sectors:
R = outputs of ecological commodities discharged as a result of final demand for

economic commodities,

S = discharges of ecological commodities by industries,

P = inputs of ecological commodities used in conjunction with the final demand for
economic commodities,

M = inputs of ecological commodities used by industries.

Victor pointed out that all economic activity requires inputs of raw materials (Gloria
2000). These inputs might be provided by privately owned parts of the environment,
such as coal from mines, or rival but non exclusive environmental goods without
specific property rights, such as the atmosphere and the oceans. A material flowed
into the economy to support either production or consumption is referred to as an
ecological commodity. However, once a material is processed for further use or is
satisfying for people’s consumptions, it is then referred to as an economic commodity.
When it is discarded by either producer or consumer and leaves the economy, it
becomes once again an ecological commodity with degraded quality (e.g. emissions)
(Victor 1972), quoted after Gloria (2000). However, Victor did not solve the issue of
resources quality degradations.

The Victor model is a commodity-by-industry table with additional rows of ecological
commodities inputs P and M, and columns of ecological commodities outputs R and
S, as shown in Table 3.5. Here the ecological outputs are equal to the ecological

inputs consistent with the materials balance assumption (Gloria 2000). This assumes
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that the model is a closed economy and there is no accumulation of mass in the

economy itself (Victor 1972), quoted after (Gloria 2000).

3.3.2.3 Later developments on the economic-ecological model

Since the early attempts by Isard and Daly, the economic-ecological has been
extended to incorporate the full range of sectors in linked ecosystems (see e.g.Clark
1976, Bockstael et al. 1995; Lange 1998). Very recently, Jin et al. (2003) developed
an economic-ecological model by merging an input-output model of a coastal
economy with a model of a marine food web, and applied it to the marine ecosystem
in New England. Their modelling approach links the workings of an economy, with a
so-called matrix of economic exchanges, with those of a related ecosystem, known as
matrix of ecological exchanges. In order to make this model feasible, they paid careful
attention to characterise and study the linkages between the two types of systems.
They linked the economic and ecological systems by using two matrices of
coefficients. The first one is a matrix of ecological to economic exchanges, which
suggests that trophic levels in the marine ecosystem can be treated as analogies of the
industrial sectors of an economy (Jin et al. 2003). The second one is called matrix of
economic to ecological exchanges, which can make the external effects of industrial
activities on the ecosystem more apparent. They also developed natural measures of
the ecosystem impacts of changes on final economic demand (so called ‘‘resource

multipliers’’) that incorporate these linkages explicitly.

3.3.3 Leontief’s pollution-abatement model and extension

Leontief (1970) developed the pollution-abatement model to account the
environmental emissions. The model is shown in Table 3.6. The row vector of
pollution represents the amount of emission each sector generated for its production.
Its delivery to final demand is the amount of pollutants households are willing to
accept. In order to balance the table, the ‘anti-pollution’ column was introduced to
account for the total eliminated emissions by pollution abatement industries. With this
model he was able to estimate the direct cost of abatement, the amount of pollution
abated, and the indirect impact on gross output (Rose and Miemyk 1989). This
extended model has been extensively discussed by Leontief and Ford (1972), Chen
(1973), Leontief (1973), Steenge (1978), Lowe (1979), Qayum (1991), Arrous (1994)
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and Luptacik and Béhm (1999). But it was also criticised for its sole focus on the
emission side and for ignoring the material balance principle (Victor 1972).

Another key weakness of Leontief’s pollution abatement model is related to the price
aspect of the model (Steenge 1978, 1999). The emitted pollution in Leontief’s
pollution abatement model is endogenised (Steenge 1978). According to Steenge
(1999), there is a duality between price effects and the real world. The equilibrium
price can be calculated by identifying appropriate information. However if there are
any externality effects in the system, the simple duality would break down. Instead,
one needs to seek other options to allocate the costs of the abatement of pollution such
as the “polluter pays principle” (Steenge 1978, 1999). The polluter pays principle has
been debated for over four decades, the main reason is that it hardly identifies who is
the “polluter” as the economic system is interdependent from the perspective of the
input-output approach. The polluter pays principle is basically based on “direct
pollution” (Steenge 1999). But recently, the concept of “sharéd responsibility has
been advocated (see Lenzen et al. 2007). Furthermore, Steenge (2004) created a link
between the concept of shared responsibility, and the Coase Theorem (Coase 1960).
By adopting the Leontief’s pollution abatement model, Steenge (2004) confirms
Coase’s original idea that overall allocation of resources will be efficient independent
of allocation of property rights by using a numerical example, given no income effects
and zero transaction cost (Lenzen et al. (2007).

Ayres and Kneese (1969) presented a similar extension to Leontief’s pollution
abatement model, one that incorporates residual flows and pollution abatement. The
major difference in the Ayres-Kneese model is that it includes a further elaboration to
deal explicitly with raw materials extracted from the environment as well as waste
materials returned to the environment (Ayres 1978). The fundamental idea of the

model is that of materials balance.

Table 3.6: Leontief’s pollution abatement model
Monetary unit e.g.: dollars

Pollution Final Total
Abatement | Demand Output

Manufacturing Services

Manufacturing

Services
Pollution
Generation

Source: Modified from (Miller and Blair 1985)
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3.3.4 Hybrid input-output models

Environmental goods such as energy or water in traditional input-output analysis will
be attributed to the final demand sectors via intermediate deliveries. The prices are the
key element to handle the allocation. However, one of the basic assumptions of input-
output analysis is price uniformity of products sales (Bullard and Herendeen 1975).
For example, in an energy input-output analysis different production or final demand
sectors would pay the same price but in reality different prices per unit of energy.
Thus the deliveries from the energy sectors, in monetary terms does not correspond to
real physical deliveries (Bullard and Herendeen 1975; Wilting 1996; Hubacek and
Giljum 2004). The problem was first recognised by Bullard and Herendeen (1975),
who developed the ‘physical units’ method (or so-called hybrid or hybrid-unit model)
as a solution for energy deliveries, which represents the deliveries of the energy
sectors in the input-output table in physical units. The hybrid input-output table
extended the Leontief’s input-output table by adding energy sector(s) in physical units
such as British thermal units, barrels of oil, or kilowatt. Therefore, the whole hybrid
input-output table and its related technology coefficients can be mixed with monetary
and physical units (not necessarily in the same physical units). For example, in the
two-sector case, where the first sector is an energy sector and the second is a non-
energy sector, the calculation of the matrix A* (where * refers to mixed units) gives

the following hybrid units (Bullard and Herendeen 1975):

Bu Bu
*=Btu $
=15 s

Btu $

The invention of the hybrid input-output table was for accounting energy
requirements for the commodities. From a lifecycle analysis point of view energy is
consumed not only in the production process, but also in transport and waste disposal.
Therefore, the hybrid 10 framework was used to compute total energy consumption,
including both directly and indirect energy requirements (Bullard and Herendeen
1975). The hybrid method complies with two key principles, mass balance (e.g. the
weight of a product should equal the total weight of the materials of which the product
is composed of plus the waste) and the financial balance principles for the monetary
sections of the table. The applications of the hybrid method have been spread to a

variety of environmental accounting, including land and water pollutants (Johnson
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and Bennet 1981; Duchin et al. 1993), indicators of air pollution, CO,, SO2, NOx etc.
(Duchin and Lange 1994), and specific materials such as plastics (Duchin and Lange
1998). Nakamura and Kondo (2002) developed a hybrid input-output model to deal
with waste treatment and management from the perspective of lifecycle assessment.
The core of their waste input-output model is to deal with the dynamic nature of waste
treatments by incorporating an engineering process model of waste management. For
engineering models of waste management, the level and composition of waste
feedstock entering into the system are “exogenously” given. Integrated into their
waste input-output model, these variables become “endogenous” and can be
determined by the interaction between goods production and waste treatment for a
given level and composition of the final demand.

Since the price of energy differs across the sectors and household consumption, the
hybrid input-output approach is usually better than the monetary approach when one
needs to study or project sectoral energy consumptions. However when one conducts
structural decomposition analysis'’, the hybrid model would induce arbitrary results
(Dietzenbacher and Stage 2006). Structural decomposition analysis usually
distinguishes the changes of final demand between structure (y,) and total volume (3,).
It would be problematic if one evaluates the changes of the total final demand volume
(»,) by using a mixed-units hybrid model, because an economically meaningless sum
of monetary and energy units would occur for the factor of y,, which Dietzenbacher
and Stage (2006) referred as mixing oil and water. Therefore, the stability of monetary
input-output model may be better than the hybrid one in implementing structural
decomposition analysis. This thesis, Chapter 6 conducts an IPAT-IO structural
decomposition analysis by using monetary unit input-output tables and only an

extended row representing CO, emissions in physical units.

3.3.5 Physical input-output models

PIOTs have been discussed on a theoretical level for quite a while (e.g. Georgescu-
Roegen 1979; Strassert 2001) and have been empirically used in biology (e.g. Hannon
and Ruth 1997) and applied to ecosystems studies. Only in recent years one has
witnessed the publications of physical input-output tables representing material flows

17 Please refer to section 3.3.7 and Chapter 6 for details of literatures and mathematical
principle of structural decomposition analysis (SDA).
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in economies (Kratterl and Kratena 1990; Kratena et al. 1992; Stahmer et al. 1997;
Pedersen 1999; Stahmer 2000). The physical input-output tables record all the flows
and transactions of goods and services in physical units (e.g. kilowatts)
(Dietzenbacher 2005). PIOTs seem to be a powerful tool in current input-output
analysis, especially in the fields of material flow accounting, energy accounting, land
use and their implications to pollution diversion and resources management.

The basic theory of PIOTs is the material/energy balance principle which is expressed
in such way that net material accumulation is equal to the excess of total inputs over
total outputs. Therefore in terms of this principle, in a PIOT, the sum of all physical
inputs and outputs has to be equal for each economic sector as well as for
consumption activities of private households (Hubacek and Giljum 2004).

Generally speaking, a PIOT comprises not only the production flows as the traditional
input-output table does, but also material flows between the natural environment and
the economy. In addition, a PIOT opens the black box that remains in Material Flow
Accounting (MFA) and illustrates the flows between the different sectors and to
various types of final consumption within an economic system (Hubacek and Giljum
2004). The following figure makes the comparison between monetary input-output
table and physical input-output table. According to the information in the 1% quadrant
of the intermediate activities with the economy, the PIOT is directly comparable to
the MIOT, but with physical units instead of monetary units (Hubacek and Giljum
2004). The major difference between the two tables is that the environmental sector in
the PIOT can be seen as a source of raw materials on the input side (3™ quadrant) and
as a sink for residuals (solid waste and emissions to air and water) on the output side
of the economy (2" quadrant) (Stahmer et al. 1997). In other words, in a PIOT the
environmental products enter the economic system as primary inputs from the nature
whereas in a MIOT environmental products are generated and used for production

within the economy (Hubacek and Giljum 2004).
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(in monetary terms) (in physical terms)

1% quadrant | 2™ quadrant 1“ quadrant | 2™ quadrant
Interindustry Final Interindustry | Final demand
deliveries demand deliveries | Residuals
3" quadrant 3° quadrant

Primary
v'::;:f;“ resource inputs
Imports

Source: from (Hubacek and Giljum 2003)

Although there are many similarities between a MIOT and PIOTs, they are two
different systems of input-output analysis. Furthermore, it cannot be converted
between these two tables even if with the detailed information of prices provided
(Stahmer et al. 1997; Hubacek and Giljum 2003; Giljum et al. 2004; Dietzenbacher et
al. 2007). In statistical publications each product has a corresponding uniform price.
However, in published input-output tables, this price is even further from reality since
economic sectors in the IO table are comprised of many sub-sectors (depending on the
level of aggregation). For example, a factory may produce several products, but it will
be classified in a certain economic sector in terms of its major/primary product.
Furthermore, even the same product can be sold at different prices, e.g. cheaper prices
(discounts) for consumers of large quantities (Dietzenbacher et al. 2007).

PIOT has the same problem as MIOT as it uses one unit to aggregate very different
qualities. MIOT uses $ and PIOT uses tons. The discussion in Hubacek and Giljum
(2003) versus Suh (2004) and Giljum, Hubacek and Sun (2004), Giljum and Hubacek
(2004) and (2007), Dietzenbacher et al. (2007) was that the structure of a PIOT
despite the aggregation problem is closer to biophysical realities (and thus
environmental problems) than the MIOT.

3.3.6 Input-output analysis and water consumption and pollution

The applications of input-output analysis to water issues were relatively rare in the
last few decades. One of the earliest water input-output model was conducted by
Carter and Ireri (1970) who developed an interregional 10 model extended by water
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use coefficients to calculate water embodied in product flows between California and
Arizona. Harris and Rea (1984) studied how to effectively allocate water resources
among the economic sectors in order to maximise value added, and determined the
marginal value of water for different users. Duchin and Lange used water use
coefficients for Indonesia (1993) and on a global level (Duchin and Lange 1994).
Lange (1997) in her work on Namibia shows how natural resource accounts (NRA)
comprising six categories of water supply and its uses can be applied to economic
analysis. Lange (1998) in her study on Indonesia shows how NRAs together with
input-output modelling can be used to evaluate different policies such as food self-
sufficiency given changes in economy and society and given a certain resource
endowment. Since the late 1990s, a number of studies evaluated the intemal and
induced effects to water resources resulting from economic production and domestic
demand, especially in water scarce regions and countries (e.g. Yoo and Yang 1999;
Lenzen and Foran 2001; Duarte et al. 2002; Leistritz et al. 2002; Wang et al. 2005).
Bouhia (2001) developed a hydro-economic model by combining a water resource
allocation model based on a linear programming model with a static input-output
model. Water is represented in monetary and physical terms balanced in material
balance accounts. Bouhia developed a set of water multipliers allowing her to assess
the effects of different development scenarios of water demand. She also added a
column of ‘change in the Natural Stock of Water’ in final demand quadrant of the
input-output table to deal with wastewater. In her assumption, wastewater is deposited
after the first production process and withdrawal by other sectors afterwards. By
doing this the wastewater flows back to the whole economy again.

Only a handful of input-output studies were conducted with regards to water issues in
China. For example, Xie Mei et al. (1991) applied input-output modelling to the
Beijing urban water systems. Chen (2000) inserted three water sectors (fresh, recycle
and waste water) into the intermediate demand section of input-output model to
estimate the economic value of water in Shanxi province. Hubacek and Sun (2005)
adopted input-output techniques to conduct a scenario analysis forecasting the water
consumption for China’s economy in 2025. There innovation was to match watershed
boundaries with regional input-output boundaries with the help of a hydrological
model that allowed them to reallocate water flows.

Despite of all of these advances, water resources need to be assessed in terms of both

water quantity and water quality. Existing studies have rarely taken water quality
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aspects into consideration. There are only very few exceptions including water
degradation into input-output frameworks. For example, Thoss and Wiik (1974)
developed a generalised IO model for residuals management, which was applied for
water pollution in the Ruhr. Farsund and Strem (1985) developed a macro-economic
model accounting for water pollution at a national level for Norway.

For the case of China, Ni et al. (2001) conducted a regional study on one of the fast-
growing economic zones, Shenzhen, South China; they added a pollution sector into
the input-output tables, aimed to adjuSt the economic structure for minimising the
COD (Chemical Oxygen Demand) level in industrial wastewater by giving a predicted
maximised GDP. Okadera et al. (2006) accounted for water demand and pollution
discharge (carbon, nitrogen and phosphorus) based on input-output analysis for the
city of Chongqing, China. Most of these studies add consumption coefficients and/or
a set of pollution coefficients for the respective economic sector (and in some cases
for households as well) but the linkages between consumption of water dependent on
the available water quality on the input side and the pollution on the output side has
not been explored. This necessitates an approach similar to the ones developed in
integrated ecological economic input-output models, following the definitions in
Miller and Blair (1985, pp.236)18, which allow accounting of water flows throughout
economic and hydrological systems. Chapter 4 will follow up the discussion and
develop an integrated hydro-economic framework to account for both flows of water

quantities and qualities between the economy and the environment.

3.3.7 Linking IPAT with structural decomposition analysis

The Impact = Population x Affluence x Technology or IPAT equation was developed
to a further a debate between Paul Ehrlich and John Holdren, on one side, and Barry
Commoner, on the other side, on which driver is the most important in contributing to
environmental degradation. Ehrlich and Holdren (1971) initialised the construction of
the framework by emphasising that population was a major driver to the
environmental crisis, showing as: / = P x F, where I is total environment impact, P is

population size, and F is the impact per capita. Commoner and his colleague (1971) at

1% «Economic-Ecological models result from extending the interindustry framework to include
ecosystem sectors, where flows will be recorded between economic and ecosystem sectors
along the lines of an interregional input-output model” (Miller and Blair 1985, pp.236)
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the first time used the JPAT notion to quantify the pollution triggered by economic
development in the United States since the post-war. In the following vyear,
Commoner (1972) designed a model of I = Population x Economic good/Population
x Pollutant/Economic good, population represents the U.S. population quantity in a
given year or the alteration in population over a defined period. Economic good refers
to the quantity of a specific good produced or used during a given year also referred to
as “affluence”. Pollutant refers to the quantity of a particular pollutant discharged and
therefore estimates “the environmental impact generated per unit of production (or
consumption), which reflects the nature of the productive technology” (Commoner
1972), quoted after Chertow (2001). Commoner criticised Ehrlich’s and Holdren’s
opinion that population growth is the dominant driver in environmental degradation.
He argued that neither the growth of population nor affluence could explain the pace
of environmental degradation in the U.S. since the Second World War. He concluded
that technology is a key driver in environmental degradation.

Thereafter, the IPAT identity is regarded as an easily understandable, frequently and
widely utilised framework for analysing the driving forces of environmental changes
(e.g. Harrison 1993; Dietz and Rosa 1994; Raskin 1995; Dietz and Rosa 1997;
Chertow 2001; York et al. 2002; Hubacek et al. 2007). In recent years, much research
was done to further develop the /PAT framework by incorporating more factors into
the equation. For example, Waggoner and Ausubel (2002) using a modified IPAT
equation to assess the potential actions and policy levers to alter CO, emissions; they
further disaggregated the technology (“T”) in the IPAT equation into energy
consumption per unit GDP (C) and CO, emissions per unit of energy consumption (7)
to form a modified identity of /=PACT. Similarly, Schulze (2002) pointed out that
personal behavioural choices significantly affect environmental impacts, therefore the
equation should be extended to /=PBAT. However, the driving force of “behaviour”
(B) was not mathematically defined in Schulze’s letter to editor, it can make its
applications problematic (Diesendorf 2002; Roca 2002; York et al. 2003).
Furthermore, Rosa and Dietz (1998) reformulated the IPAT equation into a stochastic
model, calling it STIRPAT for Stochastic Impacts by Regression on Population,
Affluence and Technology; and this model has been further improved by York et al.
(2003). The major contribution of STIRPAT model is to allow accounting for non-
monotonic or non-proportional effects from each driving forces (York et al. 2003).

The main strengths of IPAT and other varieties are that it identifies precisely the
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relationship between the driving forces and environmental impacts by a neat
specification; further, it accounts an integrated impact by all of the driving forces as
changes in one factor are multiplied by the other factors. In the other word, the IPAT
identity implies that no one factor can be held singuiarly responsible for
environmental impacts (York et al. 2003).

One of the key limitations of JPAT and its varieties is that it can only account for the
direct impacts to the environment by the driving forces. Furthermore, it is too
aggregated to clearly distinguish or allocate the sources of emissions are actually from
which particular industry in the economy. Input-output modelling is a much more
suitable tool to evaluate both direct and indirect environmental impacts by examining
the flow of goods and services and all intermediate transaction among the producing
and purchasing sectors of a country or a region (Leontief 1986). The IPAT approach
can also be referred to as a decomposition tool as it decomposed impact into a number
of contributing factors.

Decomposition analysis based on input-output techniques is usually referred to as
structural decomposition analysis (SDA) (Hoekstra 2005). Rose and Casler (1996,
pp34) define SDA as an “analysis of economic change by means of a set of
comparative static changes in key parameters in an input-output table.” SDA has
been applied to analyse people’s demand, technology improvements and other driving
forces to contribute the environmental changes. An important feature of the IO SDA
is its capability to distinguish the direct and indirect components of the observed
sectoral changes or driving forces (e.g. changes in final demand, productivity changes
etc) (Hoekstra and van der Bergh 2002). SDA is a particularly powerful method to
account for the indirect effects on one production sector of structural and productivity
changes that take place in the other production sectors and are transmitted through the
intermediate transactions. For example, Hulten (1978) has emphasised the distinction
between “productivity change originating in a sector and the impact of productivity
change on the sector through intermediate inputs coming from other sectors” (see
Hulten 1978, p511). Casler and Rose (1998) claimed that SDA has become a popular
methodology for several reasons. First, it overcomes many of the static features of I-O
models and enables the evaluation of changes over time in technical coefficients and
sectoral mix. Secondly, SDA enables the analyst to examine responses to price
changes, which are only implicit even in value-based I-O tables. Thirdly, SDA is a

pragmatic alternative to econometric estimation, which requires a long time series of
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data; in contrast, SDA requires only at least two I-O tables, one for the initial year and
one for the terminal year of the analysis.

The first application of SDA to environmental issues can be traced back to the
beginning of the 1970s. Leontief and Ford (1972) studied ordinary air pollutants (e.g.
Particulates, SO, CO, hydrocarbons and NOy) produced by the US economic growth
since the end of 1950s. They utilised a set of emission coefficients appended to
Leontief’s augmented environmental IO model in order to generate the preliminary
findings that the growth effect was more prominent than structural shifts or aggregate
technological change (quoted after Casler and Rose 1998). Most of earlier SDA
studies have been focused on energy consumption in the developed countries or
regions (see e.g. Ploger 1984; Gould and Kulshreshtha 1986; Gowdy and Miller 1987;
Chen and Rose 1990; Rose and Chen 1991; Chen and Wu 1994; Han and
Lakshmanan 1994; Jacobson 2000)19.

Since the early of the 1990s, some researches have been extended to examine the
major drivers of changes in green houses gases (GHGs) emissions such as CO,, SO,
or NOy. For example, Common and Salma (1992) adopted the Leontief monetary 10
model to derive the changes of CO, emission in Australia over four time periods.
They decomposed the changes of CO; emission into three driving forces, changes in
households’ final demand, fuel-mix changes and technological improvements. A
similar type of analysis was implemented by Proops et al. (1993) for Germany with
comparison of the U.K. Casler and Rose (1998) used hybrid I0 model to analyse the
impact of various influences on CO, emissions for the U.S. economy over 1972-1982.
Some SDA studies on China have also been performed previously, but have used
different methods and addressed different issues. An earlier study by Lin and
Polenske (1995) analysed the changes in Chinese energy consumption between 1981
and 1987. They found that consumption growth outweighed efficiency improvements
and that structural changes were relatively small. Increased expenditure on capital
products was the main factor increasing emissions, followed by households, with the
emissions avoided by imports growing faster than the emissions embodied in exports.
Garbaccio et al. (1999) analysed the changes in the energy-output ratio from 1987 and
1992 and Andresosso-O’Callaghan and Yue (2002) analysed the changes in economic

'® This summary is based on Hoekstra’s summary table of environmental SDA studies
(Hoekstra 2005).
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output from 1987 to 1997. Both studies found efficiency improvements were most
important with only minor structural changes.

One can see that there are significant overlaps between the decomposition analyses by
IPAT and SDA. For example, the drivers in /PAT equation, affluence could be
represented by final demand; technology can be better described by the Leontief
inverse matrix. Chapter 6 illustrates the combination between IPAT and SDA, then
describes theoretical backgrounds and mathematical principles of IPAT-1O structural
decomposition analysis. Then the author applies eight time-series input-output tables
and relative data to the IPAT-IO SDA model to assess the drivers of CO, emission

since the economic reform.
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Chapter 4: Development and Implications of a Hydro-
Economic Accounting and Analytical Framework for

Water Resources: a case study for North China®

Water problems in China have been investigated in depth in a number of studies,
especially with regards to the disparities of regional water availability (Wang and
Davis 2000; Wiberg 2002; Wiberg 2003) and direct consumptions (see the literature
review in section 3.3.6). However most of previous studies have emphasised the
amount of water withdrawn but rarely take water quality into consideration. In other
words, the water output side (return flows) has mainly been ignored. The quality of
the return flows usually changes; the water quality being lower than when it entered
the production process initially. It is especially important to measure the impacts of
wastewater to the hydro-ecosystem after it is discharged. Thus, water consumption
should not only account for the amount of water inputs but also the amount of water

contaminated in the hydro-ecosystem by the discharged wastewater.

This chapter firstly introduces China’s water situation. Then an integrated economic-
ecologic model is proposed by merging the regional input-output tables of China with
a mass balanced hydrological model. This method creates the links and interactions
between the economy and the hydro-ecosystem. Furthermore this chapter further track
water consumption on the input side including rainfall, surface and ground water;
assign qualities for wastewater leaving the economy to different hydrological sectors
(e.g. surface and ground water bodies); and measure the amount of contaminated
water within the hydro-ecosystems. Finally the author applies the model to the case of
North China where has been considered as one of the most water scarce regions in the
world in order to evaluate the amount of water consumed and contaminated by

economic activities.

2 The majority of this chapter has been published in Journal of Environmental Management,
entitled “A New Integrated Hydro-economic Accounting and Analytical Framework for
Water Resource Consumption: A Case Study for North China” (Guan and Hubacek 2007). In
addition, this chapter has been presented in the Intermediate International Input-output
Conference, 26-28.July 2006, Sendai Japan.
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4.1 A synopsis of China’s water situation

China is geographically large yet relatively poor in terms of water resources per capita,
1/3 of the world average. At the same time China’s water resources are unevenly
distributed. Due to considerable regional differences in water supply and demand and
for the purposes of this chapter, it is necessary to model water consumption on a
regional level. Therefore China is divided into eight hydro-economic regions”' to
establish water accounts (shown in Figure 4.1) based on watersheds and provincial

level administrative boundaries (see Hubacek and Sun 2001, 2005).

Figure 4.1: Hydrological — Economic Regions in China
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