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Preface

Poyang Lake is the largest freshwater lake in China. The area around Poyang Lake 
has such a rich tradition of rice cultivation and aquaculture that it is said to be 鱼米
之乡. The Chinese 鱼translates to fish and 米 means rice; the words together mean 
land of fish and rice. But one cannot fully appreciate its meanings and the subtlety 
of feeling it evokes, unless one understands the significance of rice in China’s devel-
opment history and has seen those rice paddies, with countless streams and irriga-
tion cannels meandering among them. It is a way of life so central and dear to 
generations of farmers in southern China. It is a culture, representing the wellspring 
of human civilization.

I did not know all these meanings growing up in northern China. But in the past 
ten years, I have gotten to know and grow fond of Poyang Lake and farmers in  
the area. It all started when I moved to Ann Arbor to pursue a PhD at the University 
of Michigan. I was working as a research assistant for my advisor, Dr. Daniel 
Brown, on a research project about land use and flood vulnerability around Poyang 
Lake. In the summer of 2006, we traveled around the entire lake to collect land-use 
data on crop and vegetation types. That was my first exposure to rural areas in 
southern China.

For my own dissertation research, I returned to visit nine villages around Poyang 
Lake in the summer of 2008. I stayed with farmer households and had the privilege 
of observing their daily lives. If that first visit in 2006 left me with pleasant but brief 
impressions on the rural south that had fascinated the mind, this field trip allowed 
me to learn much more about the rice culture and the rural livelihoods that had long 
depended on it.

Yet one didn’t need to be a keen observer to see that the traditional lifestyle in鱼
米之乡, which meant working and living in harmony with nature, has been chang-
ing amid development transitions. In my more recent field trips to the area in 2014 
and 2015, I noticed other dramatic changes, such as the rise of “landlords” who 
manage large farms, and an increasingly rural and urban mix in the cities.

During my visits to the villages, I was greatly impressed by the development 
progress I witnessed: newly built two- or three-story houses, solar panels on the 
roofs, children’s playgrounds and senior activity centers, concrete roads leading to 
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every village, and in a village that had made its name for pearl growing and jewelry 
making, many new cars. Some of these advancements were direct outcomes of a 
national development initiative called “Build a New Countryside.”

What moved me most, however, were the farmers who still planted, tilled, and 
harvested by hand, the fishermen with tanned, weather-worn faces, and a hillside 
village on the lake that had developed a self-sufficient economy and maintained 
cultivation of many minor crops like peanut, sesame, and sweet potato, even now 
when it relied mainly on nonfarm income. There was a charm in them, and it was 
from them that I began to understand the culture of 鱼米之乡.

I was much taken with a young man who grew mushrooms in Anhui Province 
and wanted to farm in his own village if he could only secure a large enough farm-
land area; a young woman who came back to visit her parents and lamented that 
village girls got married too early; and a curious fisherman who came to see us 
while we were having dinner at the village leader’s home. 

I still remember vividly a dark-faced woman who was tending both her sick hus-
band and mother-in-law and made a living catching crayfish in the lake, and the 
village leader’s wife in that hillside village who always had a smile, whether she 
was cooking a simple winter squash dish or cutting sweet potato leaves to feed their 
pigs. Nor can I forget the accountant who welcomed us into his home and served our 
meals and refused to accept even a token payment, saying, “Let’s be friends.”

And those children in the villages—they are as lovely and intelligent as children 
anywhere. They give a real purpose to this work. After all, rural sustainability is all 
about them and their children and their children’s children. They have never left my 
thoughts since then.

I of course also recognized some of the rural development issues. For example, 
the insufficient education of children left behind by parents working far away in 
cities; the unoccupied new houses owned by migrant workers; and some unculti-
vated plots. I also learned about the pollution of rural industry, and the appropriation 
of farmland for industrial development, which left farmers worried about their live-
lihoods. Most of all, I felt the helplessness that many farmers expressed, not on 
account of flood hazards from Poyang Lake, but because they did not know what 
else, or more, they could do to improve their living conditions.

Traveling south (against the current) on the Gan River, one of the five major riv-
ers that drain into Poyang Lake, one arrives at Nanchang, the capital of Jiangxi 
Province. The contrast between the villages and the city in all aspects of social, 
economic, and cultural development is immediately apparent.

Right on the river’s eastern bank, in the north west of the city, stands滕王阁, the 
Pavilion of Prince Teng. 滕王阁 is one of the three greatest pavilions in southern 
China. Since its construction in 653 AD, during the Tang dynasty, numerous poets 
have visited and enshrined the historical architecture in their famous works.

The view from the Pavilion of Prince Teng is indeed impressive. To the east, new 
buildings spread out wide and far in a multilayered pattern imbued with rhythms. 
On the other side, the river, dotted with small fishing boats, looks serene at sunset; 
it seems as if the whole history of Jiangxi has sunk into the river flow, and it feels 
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heavier as the river reaches the countryside. The past and the future come together, 
and the city and villages are connected, right now, right here, at this vantage point.

It is a place for contemplation. How will urban culture diffuse to influence life in 
villages? What will the countryside look like a few decades from now? Can urban 
life, and the economy as a whole, prosper without healthy, strong agriculture? What 
kind of world will those children I met in the villages face when they grow up, and 
how will their lives be different from their parents’?

The work presented in this book is an attempt to make sense of what I saw and 
heard in the field. The reality I was exposed to was complex, and I have tried to 
untangle that complexity. I was fortunate because the University of Michigan’s 
Center for the Study of Complex Systems has an array of stellar scholars, whose 
pioneer work significantly influenced my approach to examine rural development. 
And I felt an instant click with “complexity thinking.”

The Poyang Lake area is a miniature of rural China. It is also a window through 
which to examine the larger issues of development in the developing world, where 
rural households struggle to improve their economic situations and are also dispro-
portionally affected by climate variability and change. While I am clear-headed 
about the limitations of one case study, I cannot help wondering what the villages 
around Poyang Lake share with other less developed rural areas, and it is granted 
that at times such questions run the risk of overgeneralization.

But I do believe that government policy is essential for guiding development to 
facilitate rural households in their efforts to build robust livelihoods. Increasing the 
well-being of rural households, promoting agriculture, and reducing climate impacts 
are not separate goals; they should and can be addressed together. To achieve these 
goals, policy will have to foster healthy rural-urban development dynamics, adapt 
over time to suit ongoing social and environment changes, and attend to local varia-
tions as well.

Every time I visit China, I am amazed by how fast things move. I have to apolo-
gize here if any of the analyses in this book fall behind the swift steps of develop-
ment. In fact, China has been constantly adjusting its development policy and is an 
exemplar for adaptive policymaking. Its recent plans increasingly emphasize har-
monious development with local natural environments. In the field, I also saw gov-
ernment-supported agricultural research projects, trying different approaches in 
different places. In general, I feel confident about the development policy and am 
optimistic about the future of rural development.

Washington, DC, USA Qing Tian 
October 2016

Preface

qtian2@gmu.edu



viii

The view of Nanchang, 
the capital of Jiangxi 
Province, from the 
Pavilion of Prince Teng  
on the eastern edge of the 
Gan River

The view of the Gan River 
at sunset from the Pavilion 
of Prince. In the 
background is new 
development of Nanchang 
along the Gan River’s 
western bank

Children in a village 
alongside the Gan River, 
where the river flows into 
Poyang Lake
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Introduction

 Rural Development in the Context of Climate Variability  
(and Change)

The challenges confronting rural development in less developed areas that are 
affected by climate impacts are many and daunting. Improving rural livelihoods in 
the developing world has generally been challenging (World Bank 2008; UNDP 
1990–2014); extreme climatic events impose an additional constraint (Kates 2000; 
Adger et al. 2006; Kates and Dasgupta 2007; Takeuchi and Aginam 2011). Persistently 
low development contributes to low levels of human well-being and limits the capac-
ity of rural households to cope with and adapt to climate impacts as well (Ribot et al. 
1996; Adger et al. 2003; O’Brien et al. 2004; Lemos et al. 2007; Eakin et al. 2014; 
McCubbin et al. 2015; Agrawal and Lemos 2015; Warner et al. 2015).

Furthermore, as rural households across developing countries continue to partici-
pate in larger economies, their livelihoods are increasingly affected by new dynamics 
beyond their local contexts (DeFries et al. 2010; Seto et al. 2012; Liu et al. 2013a; 
Meyfroidt et  al. 2013; Verburg et  al. 2013; Seto and Reenberg 2014). Rapid 
 urbanization, in particular, and the broad development dynamics associated with 
urbanization all influence the land-use and livelihood decisions of rural households, 
affecting their well-being and overall agricultural development (Rigg 2006; 
Satterthwaite et al. 2010; Rigg et al. 2012; Henley 2012; Hazell and Rahman 2014; 
Dercon 2013; Wilson and Burton 2015; Tian et al. 2015).

Nonfarm work is generally seen as a complement to agricultural income and is 
often examined from the perspective of income diversification. Remittances from 
nonfarm work have helped to finance innovation and intensification of farming 
(Tiffen 2003; Hoang et al. 2005, 2008). Participation in urban economies has con-
tributed to a reduction in rural poverty (Deshingkar 2006; De Janvry et al. 2005; 
Glauben et al. 2012). Rural households near urban centers have also benefited from 
nonfarm opportunities and access to markets (Hoang et al. 2008; Tian et al. 2016).
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However, some new empirical evidence suggests that the diversification of rural 
livelihoods may be short-lived because migrant workers lack professional skills, 
and the instability of their work is actually associated with a welfare cost for rural 
households (Dzanku 2015). Additionally, greater livelihood diversity may not be 
associated with higher levels of household well-being (Gautam and Andersen 2016). 
It is not diversity per se but the types of activities that are important and affect the 
well-being of rural households (Martin and Lorenzen 2016).

Rapid urbanization in China, for example, has profoundly transformed the liveli-
hoods of rural households. Participation in the urban economy and the wider, overall 
economic growth have contributed to improved rural living standards. However, rural 
income has consistently lagged behind urban income, and a broader prosperity gap 
persists between urban and rural areas (Long et al. 2010; Liu et al. 2013a; Li et al. 2015). 
The average net income for rural residents was 134CNY, 2,253CNY, and 9,892CNY in 
1978, 2000, and 2014, respectively, compared to 343CNY, 6,280CNY, and 29,381CNY 
for urban residents (NSBC 2015). The average expenditure of rural and urban house-
holds in 2014 was 8,744CNY and 25,449CNY, respectively (NSBC 2015).

Meanwhile, increasing nonfarm income is associated with the decline of agricul-
ture, especially in those regions with relatively high industrial development, because 
nonfarm work in general brings higher economic returns than does crop cultivation 
(Liu et al. 2005; Deng et al. 2006; You et al. 2011; Jiang et al. 2013; Tian et al. 
2015). Further improving rural income, reducing the rural-urban gap, and promot-
ing agriculture have remained major challenges for the Chinese government.

This book addresses the complex social and environmental processes that shape 
the livelihoods of rural households, and attempts to provide scientific support for 
government policy to improve human development and mitigate climate impacts in 
less developed areas. It integrates useful ideas from the research in natural hazards 
and climate change into a larger framework of sustainability, and tries to operation-
alize the concept of sustainability, from the perspective of coupled human-environ-
ment systems (CHES).

A CHES perspective allows us to examine an array of social, economic, and 
environmental factors, including climate, which affect human development in a 
place, and to consider both local environments and broad development context 
(Levin 1999; Holling 2001; Folke et al. 2002; Gunderson and Holling 2002; Turner 
et al. 2003, 2007; Clark 2007; Liu et al. 2007; Ostrom 2009; Levin and Clark 2010; 
Moran 2010; Cioffi-Revilla 2016). Sustainability is essentially about human well-
being over a long time horizon (Holdren 2008), but we must address human well-
being and environmental well-being together because they are interdependent.

The book uses a complex adaptive systems (CAS) approach to analyze human-
environment systems. In complex adaptive systems, networks of heterogeneous 
agents act and interact with one another and with the environment, giving rise to 
system-level properties or patterns (Gell-Mann 1994; Holland 1995, 1998, 2012; 
Kauffman 1995; Arthur et al. 1997; Axelrod and Cohen, 2000). Human agents, how-
ever, are embedded within large social, economic, institutional, and development 
contexts, and these can constrain individual options and decisions. An important 
role of policy is to improve these macro-level processes to create opportunities for 
individuals and facilitate better individual decision making.

Introduction
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On the other hand, while the actions and interactions of agents are the major 
forces shaping the state of a CAS, individual decisions and actions do not necessar-
ily result in optimal system-level outcomes. The Prisoner’s Dilemma and the 
Tragedy of Commons are cases in point. Another important role of policy could be 
setting up “smart” incentives to influence individual decisions and induce individual 
actions such that they collectively lead to desired system-level outcomes.

When we apply a CAS lens to examine CHES, we can understand that sustain-
ability is an emergent property of human-environment systems. We can investigate 
the decision making of human agents, and the interactions among human agents and 
between the social and natural components in a CHES, to understand the micro- and 
macro-level processes underlying sustainability or unsustainability. Such under-
standing is important for improving macro-level processes to help individual agents 
increase their well-being and for designing “smart” policy to influence agent behav-
ior, steering a CHES onto a sustainable path. These are the basic ideas of the sus-
tainability framework.

The framework has been applied to the study of rural development in the Poyang 
Lake Region of China amid flood hazards. The case study shows that multiple anal-
yses can be combined to acquire a deeper understanding of human-environment 
systems and provide useful insights for government policy to promote household 
well-being and sustainable rural development. It is the author’s modest hope that 
this study may have taken one small step toward “solution-oriented research to pro-
vide realistic, context-specific pathways to a sustainable future” (DeFries et  al. 
2012).
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Abstract

Less developed rural areas that are affected by climate impacts face great challenges 
for development. This book addresses the complex social and environmental pro-
cesses underlying rural livelihoods, and attempts to provide scientific support for 
government policy to promote sustainable development in such areas. It uses a com-
plex adaptive systems (CAS) approach to analyze coupled human-environment sys-
tems (CHES), and treats climate as one of many factors affecting human development 
in a CHES. Additionally, it examines rural livelihoods within local environments, as 
well as the broad development context of urbanization, emphasizing variations 
across local contexts and rural-urban connections.

The book first presents a sustainability framework for policy analysis. The frame-
work uses two concepts to characterize and quantify sustainability of human-envi-
ronment systems. Well-being describes the state of a CHES at a given time, while 
resilience describes how the system’s state changes over time. The bulk of the book 
presents a case study that examines rural development in the Poyang Lake Region 
(PLR). The PLR is an important agricultural area in south-central China and part of 
the Yangtze River Basin. The region has been historically subjected to flooding from 
Poyang Lake, China’s largest freshwater lake. As with other rural areas in China, 
rural livelihoods in the PLR are deeply integrated with urban economies, and rural 
development faces a number of difficult issues, central to which are agricultural 
decline associated with increasing nonfarm work and slow growth of rural income.

The case study includes three major analyses: (1) a regional assessment of human 
well-being, (2) an empirical analysis of rural livelihoods, and (3) an agent-based 
computer model used to explore future rural development. These analyses provide a 
meaningful view of human development in the PLR and illustrate some of the com-
plex local- and macro-level processes that shape the livelihoods of rural households, 
in the dynamic process of urbanization. They generate rich insights about how gov-
ernment policy might effectively improve the well-being of rural households and 
promote sustainable development amid social, economic, and environmental 
changes. The final chapters of the book discuss possible implications for other less 
developed rural areas and the complex systems approach to policy analysis broadly.
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Chapter 1
Complex Adaptive Systems 
and a Sustainability Framework

Abstract This chapter describes the key features of complex adaptive systems 
(CAS) and presents a framework for analyzing sustainability of coupled human- 
environment systems (CHES). The framework uses two concepts to characterize 
and quantify sustainability: well-being and resilience. Well-being describes the state 
of a CHES at a given point in time, and resilience describes the state change of the 
system. The framework suggests some quantitative measures for well-being in the 
context of climate change and variability. It also includes specific analyses that are 
intended to undertsand the complex processes in a CHES and to provide scientific 
support for policy to promote sustainable development. The chapter closes with an 
overview of the study of rural development in the Poyang Lake Region of China.

Keywords Complex adaptive systems • Coupled human-environment systems • 
Well-being • Resilience • Sustainability • Policy analysis

1.1  The Science of Complexity and Sustainability of Human- 
Environment Systems

Complex adaptive systems (CAS) consist of networks of heterogeneous agents that 
interact with one another and with the environment, giving rise to system-level pat-
terns or properties (Gell-Mann 1994; Holland 1995, 1998, 2012; Kauffman 1995; 
Arthur et al. 1997; Axelrod and Cohen 2000). Markets, economies, organizations, 
societies, and ecosystems are all examples of complex adaptive systems.

In a complex adaptive system, the agents learn and adapt through interactions 
with other agents, leading to adaptability of the system. Because agent behaviors 
are linked in a co-evolutionary way, complex adaptive systems often show “per-
petual novelty,” and it is difficult to predict novel system-level patterns simply by 
knowing the properties and actions of individual agents. In other words, the behav-
ior of the whole system cannot be obtained by summing the behaviors of the agents 
in a linear way; these systems thus exhibit non-linearity. The adaptive interactions 
of agents that possess distinctive characteristics and experiences are the keys to 
understand the processes and dynamics of CAS.  Such adaptive interactions also 
lead to other general features of complex adaptive systems.
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A complex adaptive system usually has a large state space; it may exhibit non- 
equilibrium or multiple equilibriums, with tipping points that propel it into a sudden 
phase transition. Complex adaptive systems can have lever points at which a small 
intervention produces large changes in system-level outcomes. One example of a 
lever point is a vaccine, which causes important, long-term changes in an immune 
system. The evolution of a CAS is also path-dependent, i.e., dependent upon its 
initial conditions and previous states. As a result, a system can experience “lock-in” 
on an undesirable, long-term path.

Complex adaptive systems tend to self-organize, often without a central control; 
although coherent behaviors can and often do emerge from individual agent actions 
and interactions, the system can fall into a state of chaos. These systems often have 
“fat-tailed” behaviors, i.e., rare events—market crashes, for example, can occur 
more often than a normal distribution would predict. Additionally, these systems 
tend to have hierarchical structures, with components at lower levels forming the 
building blocks of components at higher levels. The global economy, for example, 
comprises many country-level economies, which are themselves complex systems 
made up of yet smaller systems.

In systems dynamics, an earlier paradigm of complexity science, researchers 
used multiple system-level variables to describe the state of a complex system and 
examine the interconnected changes of these variables to explain the system’s 
behavior and dynamics (Luenberger 1979). The newer CAS paradigm advances our 
understanding of complex systems by looking deeper at the role of individual 
agents’ actions and interactions on the macro dynamics.

Coupled human-environment systems (CHES) are complex adaptive systems, in 
which social and natural components interact with one another (Levin 
1999; Gunderson and Holling 2002; Turner et al. 2003, 2007; Clark 2007; Liu et al. 
2007; Ostrom 2009; Levin and Clark 2010; Moran 2010; Cioffi-Revilla 2016). In a 
human-environment system, many human agents, all situated within social, eco-
nomic, and institutional contexts, make decisions and interact both with other agents 
and with the natural system (Fig. 1.1). The natural system of a CHES also has its 
own biophysical processes.

When we examine human-environment systems through the lens of CAS, we can 
understand that sustainability is a system-level property emerging from the actions 
and interactions of human agents, the biophysical processes in the natural system, 
and the interactions between the social and natural components. Sustainability of a 
CHES, moreover, can be defined as well-being, including human and environmental 
well-being, over a long time horizon. Sustainability is essentially about human 
well-being (Holdren 2008), but we must consider environmental well-being equally 
because human well-being cannot be sustained in the long run in a degraded natural 
environment.

In any CHES, multiple issues tend to affect human and environmental well- 
being, so that sustainability can be characterized across a number of dimensions, 
including natural resources, biodiversity, pollution, climate, etc. However, for a par-
ticular human-environment system, a few dimensions, or perhaps just one, are often 
more important than the others. We may begin our study with the most important or 

1 Complex Adaptive Systems and a Sustainability Framework

qtian2@gmu.edu



3

most relevant dimensions, and later add others to increase our understanding of the 
system and eventually address all the issues affecting sustainability.

In the next section, I present a sustainability framework for policy analysis, in the 
context of climate variability (and change), for less developed areas. The framework 
focuses on the system’s social component rather than climate dynamics because 
humans are the only agents in a CHES that can take deliberate actions to change the 
system’s state. Understanding social dynamics will offer useful insights on how 
policy may promote positive changes in a human-environment system and direct the 
system toward a sustainable development path. The framework also focuses on local 
sustainability, i.e., the sustainability of a CHES in a specific place. I will discuss 
how to extend this framework to a more general analysis of global sustainability in 
Chap. 6.

1.2  A Sustainability Framework for Policy Analysis

The framework uses two concepts to characterize and quantify sustainability. The 
first, as just discussed, is well-being, and describes a CHES’s state at a given point 
in time. In the context of climate variability (and change), the well-being of a CHES 
is defined by: (1) the human system’s exposure to extreme climate events; (2) the 
human system’s development level, which includes various aspects of human devel-
opment; and (3) the sensitivity of human development to extreme climate events.

Firms/
Farms

Governments

Individuals/
Households

MARKETS
INSTITUTIONS
CULTURE

Biophysical 
Processes

Human 
Well-being
Food security
Living standard
Physical health
Psychological health
Spiritual satisfaction 
Equality
Impacts of natural 
hazards

Environmental 
Well-being
Air quality
Water quality
Soil quality
Richness and health 
of other species
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Resources

Fig. 1.1 Sustainability of coupled human-environment systems
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Please note the difference between exposure and sensitivity. Exposure character-
izes the nature and degree to which the human system is exposed to extreme climate 
events, and is determined by the natural system. Sensitivity reflects the impacts of 
extreme climate events on human development and results from the interactions 
between the social and natural systems.

Also note that the definitions of exposure and sensitivity here slightly differ from 
the IPCC definitions. In the IPCC conceptual framework for vulnerability assess-
ment (Houghton et al. 2001; McCarthy et al. 2001; Fussel and Klein 2006), climate 
extremes are treated as external to a system, and a system can be any social or natu-
ral system.

The second concept is resilience, which describes the state change of the system 
over time. A CHES is said to be resilient if it does not experience a sudden transition 
from one critical state of well-being to another in the face of social or environmental 
shocks. A CHES is defined as sustainable if human development has reached a 
certain level that ensures human well-being, and the system is resilient.

The framework is quite simple. Imagine that the state, i.e., the well-being, of a 
CHES at any given time is a spot in a three-dimensional space of  development, 
exposure, and sensitivity (Fig. 1.2). Human agents in the system act and interact 
with one another and with the natural environment, within social, economic and 
institutional contexts, to shape where the spot is at a given time and how it moves in 
the space from time to time. Resilience involves tracing the trajectory of the spot 
over time.

Development 
Level

Sensitivity

Exposure

RESILIENCE

Firms/
Farms

Governments

Individuals/
Households

MARKETS
INSTITUTIONS
CULTURE

Biophysical 
Processes

Fig. 1.2 A framework for studying sustainability in less developed areas amid climate variability 
(and change)
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Higher levels of human development coincident with lower levels of sensitivity 
are generally desirable. To steer a CHES toward sustainability, it is important to: (1) 
assess current conditions, i.e., to identify where along that well-being trajectory the 
system is; (2) understand the causal mechanisms, i.e., how human agents act and 
interact with one another and their environment to shape the system’s state and drive 
changes in the system’s state; and (3) design policies accordingly to steer the system 
toward more desired states. This is a continuous process of improvements and 
adjustments, and these three steps must be repeated over time to reflect ongoing 
social and environmental changes. They can be supported by employing scientific 
analyses that assess well-being, analyze the complex processes underlying well- 
being, and explore a system’s future paths. I will turn to the implementations of 
these analyses, following a discussion on the framework’s usefulness.

1.3 Potential Usefulness of the Sustainability Framework

The sustainability framework has been influenced by literature from several fields 
relevant to global environmental change. This section offers a brief introduction to 
some of the major concepts in the literature, while discussing the framework’s 
potential usefulness. I explain why I chose some concepts over others, and how to 
integrate the analysis of vulnerability and adaptation into the sustainability frame-
work to provide more useful insights for promoting human well-being in less devel-
oped areas that are affected by climate impacts.

The concepts of exposure and sensitivity are important because they reflect the 
nature and impacts of climate variability (and change). The research in natural haz-
ards has long used these concepts to examine biophysical vulnerability (Burton 
et  al. 1978, 1993). As defined in this framework, exposure and sensitivity offer 
objective measures of the biophysical environment and the outcome of human- 
environment interactions with respect to extreme climatic events. As long as the 
human system is exposed, and human development remains sensitive to climate 
impacts, people are vulnerable to harm from climate-related natural disasters. 
Exposure can also serve as a useful reference point to sensitivity, revealing whether 
human activity is exacerbating or ameliorating natural risk.

Together, measures of exposure, sensitivity, and development provide a mean-
ingful view of human well-being in the context of climate variability (and change), 
and suggest where adjustments may be made (Table  1.1). Examining sensitivity 
along with exposure also forces decision-makers to consider specific climate risk 
and impacts when making development plans. This will help prevent maladaptation 
or an inappropriate reliance on other means, such as insurance, that may mitigate 
impacts locally but cause a loss of welfare at the system level.

The concept of social vulnerability, with its roots in political ecology/political 
economy, is essentially about human well-being. Social vulnerability is often mea-
sured by combining socioeconomic variables, such as socioeconomic status, access 
to resources, age and gender, the degree of urbanization, occupations,  infrastructure, 

1.3 Potential Usefulness of the Sustainability Framework
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education, and social capital (e.g., Cutter et al. 2003; Dwyer et al. 2004; Vincent 
2004; Rygel et al. 2006). But exactly how these variables determine vulnerability is 
not fully understood, and their effects are likely to vary in different contexts. What 
is actually measured in these contexts is human well-being. Researchers—espe-
cially those who have worked in less developed countries or with socially and eco-
nomically disadvantaged groups—have recognized that it is not particularly 
meaningful to examine vulnerability without looking at development, and that 
human well-being is the real concern (Ribot et al. 1996; Kates 2000; Adger et al. 
2003; Lemos et al. 2007; Wilbanks and Kates 2010; Smith et al. 2011; McCubbin 
et al. 2015).

The vulnerability analyses that seek to understand how social and political pro-
cesses affect people’s vulnerability (Sen 1981; Hewitt 1983; Dreze and Sen 1990; 
Swift 1989; Watts and Bohle 1993; Blaikie et al. 1994; Ribot 2009) are important 
and can be expanded under the new sustainability framework to analyze the com-
plex processes that shape the well-being of CHES. The livelihoods approach (Ellis 
1998; Bebbington 1999), often used in development studies to analyze the well- 
being of a household, is particularly useful and can be applied to analyze the micro- 
and macro-level processes in CHES.  The livelihoods approach can also provide 
insight about how the livelihoods of households can be affected by climate impacts 
(Eakin 2005; Paavola 2008; IPCC 2014, Rogers and Xue 2015; Lemos et al. 2016; 
Tian and Lemos in review).

The concept of resilience generally refers to the ability of a system to maintain 
its basic function and structure in the face of shocks (Holling 1973; Carpenter et al. 
2001; Folke et al. 2002; Berkes et al. 2003; Folke 2006; Walker and Salt 2006). 
Resilience is a useful concept because it is an important property of a human- 
environment system and tells us how a system’s state changes. However, many 
human-environment systems are currently in a state of undesirable resilience. In 
these systems, human development levels are low and/or the environments suffer 

Table 1.1 System states and possible implications

Development Exposure Sensitivity Possible implication

High Low Low Desired state
High Low High Not doing right things—need to locate the sensitive 

part of development and make appropriate adjustments
High High Low Good—doing things that mitigate natural risk
High High High Serious problem—may need to seek both engineering 

works and “soft” means to reduce sensitivity
Low Low Low Key issue is development, but need to make sure not to 

do things that exacerbate natural risk
Low Low High Key issue is development, but need to reduce 

sensitivity at the same time
Low High Low Key issue is development, but need to pay close 

attention to sensitivity and may need engineering 
works to keep sensitivity low

Low High High Might consider migration away as an ultimate solution
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degradation and resource depletion. This is precisely why sustainability is an urgent 
issue, and why the sustainability framework in this study focuses on how to steer a 
system toward more desirable states.

The concept of resilience becomes more useful if we can operationalize it. There 
are multiple lines of resilience thinking in the literature (Walker and Salt 2006). A 
ball-in-a-basin model is used to illustrate a system’s attractors and potential state 
transitions. The evolution of a system is also thought to have adaptive cycles. My 
intent here is not to incorporate all the meanings of resilience, but to define the term 
in a concrete way that is useful for the study of sustainability. Once we quantify 
well-being using multiple variables, we can use thresholds of these variables to 
partition the space of well-being into discrete states and begin to define critical 
states. We can then combine the mathematic tools developed in systems dynamics 
with new modeling tools for analyzing complex adaptive systems to trace the trajec-
tory of well-being.

When we recognize that climate is one of the factors that affect human well- 
being, adaptation to climate variability (and change) naturally becomes part of the 
sustainability agenda. Sensitivity of human development to climate impacts also 
provides a measure of the outcome of human adaptation: if over time people make 
development less sensitive to climate impacts, they are adaptive and adapting in the 
right direction.

Adaptive capacity, another central concept in the social science of climate 
change, is inherently dynamic and difficult to measure directly. But assessing cur-
rent conditions, understanding causal mechanisms, and making adjustments accord-
ingly are fundamental steps toward progressive adaptation. When we analyze the 
complex processes underlying the well-being of a human-environment system, we 
can gain insights into the complex processes that affect adaptive capacity as well. 
Therefore, these iterative steps toward sustainability are also helpful for enhancing 
adaptive capacity to climate variability (and change).

1.4  Implementation of the Sustainability Framework

1.4.1  Assessing Well-Being

Assessments of well-being can be carried out for a given time and at different scales. 
Regional assessments are particularly useful for policy-makers seeking to under-
stand variations in exposure, sensitivity, and development levels across the region 
and identify problematic “hot spots.” They can use the information to design poli-
cies that target different problems in different places.

Each of the three dimensions of well-being—development, exposure, and sensi-
tivity—can be represented by multiple variables. The UN Development Programme 
(1990, 2007, 2008) uses life expectancy, literacy, and income to derive its human 

1.4  Implementation of the Sustainability Framework

qtian2@gmu.edu



8

development index. These are important basic measures of human development for 
less developed areas.

Additional variables can be included to provide more comprehensive views of 
human development or to reflect specific concerns of a place. The World Bank 
(2009) has listed more than 800 indicators for various aspects of human develop-
ment. But it is important to note here that more is not necessarily better. Including 
many relevant but unimportant variables is likely to mislead or overwhelm policy-
makers, and prevent them from seeing the essential parts of the picture. An assess-
ment can actually generate the most insightful information if it captures the system’s 
key elements using the fewest variables possible.

Exposure and sensitivity measures are specific to location and type of climate 
event. Area extent, speed of onset, spatial distribution, temporal spacing, duration, 
and frequency are commonly used in natural hazard research to characterize the 
nature and magnitude of extreme climate events (Burton et al. 1978, 1993). These 
are appropriate measures for exposure to extreme climate events.

Two types of outcomes are essential to consider in measuring sensitivity: human 
lives and economic activities. In different places, major economic activities may 
differ, but in each place land-use patterns are direct manifestations of sensitivity. 
Especially for rural areas, land-use patterns indicate how climate can affect agricul-
tural production. The distribution of important public facilities and engineering 
works can also affect sensitivity, and may be considered.

Exposure and sensitivity often vary spatially in a region. To characterize the 
spatial variations of exposure, we can define and map risk zones, using a theoretical 
approach based on the nature of the risk, or empirically based on historical data on 
damages suffered from extreme climate events. Land-use patterns can be interpreted 
from remote sensing images. Land-use maps and other GIS data, such as road net-
works, crucial facility locations, and population distribution, can then be combined 
with the risk zones to examine spatial variations of sensitivity.

1.4.2  Analyzing the Complex Processes Underlying Well-Being

Understanding how human agents in a coupled human-environment system interact 
with one another and with their social and natural environments to shape the well- 
being of the system can provide important insights into designing policies that grad-
ually but effectively steer the system onto a path of sustainable development. Only 
if we understand such causal mechanisms, can we effect changes in a system.

Agent decision making is, of course, an essential part of the causal mechanisms 
at work in complex adaptive systems. Human agents in a CHES are, however, all 
embedded within large social, economic, institutional, and development contexts, 
which can affect and constrain individual options and decisions. Policies can play 
an important role in improving macro-level processes so as to create opportunities 
for individual agents and facilitate individual agents making better choices.
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On the other hand, while individual decisions and actions are major forces driv-
ing state change in complex adaptive systems, they do not necessarily result in opti-
mal system-level outcomes. The Prisoner’s Dilemma and the Tragedy of the 
Commons are cases in point. If one is to approach policy from a CAS perspective, 
the goal should not be to impose central control over a system, but to set up “smart” 
incentives to induce individual decisions and actions that collectively lead to desired 
system-level outcomes.

It is therefore particularly important to examine how human agents make deci-
sions. If we understand this, we may be able to design effective policies to improve 
macro-level processes and assist individual agents increase their well-being, or 
introduce “smart” policies to influence individual behaviors and facilitate changes 
toward more desired states.

To analyze the interactive processes in human-environment systems, we can 
combine quantitative and qualitative data and methods. Qualitative approaches, 
especially, allow us to develop a deeper understanding of processes and to examine 
social factors that are hard to quantify and therefore often omitted in quantitative 
analyses. Qualitative approaches, such as interviews, field observations, and partici-
patory methods, are useful for investigating human decision making, and can help 
us understand how macro-level socioeconomic processes and environmental factors 
affect agent decisions—and, ultimately, the state of a system.

1.4.3  Exploring Future Paths of the System

Agent-based modeling (ABM) is a useful method to explore future paths of a 
human-environment system. Agent-based models (ABMs) simulate the decisions of 
heterogeneous agents in complex adaptive systems, and have been used to explain 
macro-level phenomena in a variety of systems, from economies and markets to 
social organizations and land use (Epstein and Axtell 1996; Axelrod 1997; Riolo 
et al. 2001; Bankes 2002; Janssen 2003; Parker et al. 2003; Gilbert 2008; Manson 
and Evans 2007; Miller and Page 2007; Farmer and Foley 2009; Heppenstall et al. 
2012; Railsback and Grimm 2011; Cioffi-Revilla 2014; Walsh and Mena 2016).

The particular strength of agent-based modeling lies in its exploratory capabili-
ties, and these can be tapped for policy analysis. We can use agent-based models to 
test the potential effects of alternative policies; if we have some idea of how a CHES 
might respond to a certain policy intervention, we will be more confident about its 
implementation. We can use ABMs to explore lever points; if we find them, we can 
introduce large positive changes to a system with few costs. We can use them to 
explore plausible scenarios of social and environmental changes; this could provide 
us with insight into the resilience of a CHES and whether human well-being can be 
sustained. We can also use agent-based models to explore the state space of a CHES; 
if we can identify dangerous tipping points, or conditions that lead to unsustainabil-
ity, we will have a better chance to avoid a disastrous future.

1.4  Implementation of the Sustainability Framework
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1.5  Looking Ahead

The following chapters present a study of rural development, and the application of 
the sustainability framework, in the Poyang Lake Region (PLR) of China. The PLR 
is an important agricultural area in Jiangxi Province situated in the middle region of 
the Yangtze River Basin. Historically, the area has been subjected to flood hazards 
from Poyang Lake, China’s largest freshwater lake. The annual per capita net 
income of farmers in the region was 5,789 CNY (1 USD equaled about 6.77 CNY) 
in 2010, below the national average of 5,919 CNY (Yan et al. 2013).

As in other rural areas in China, rural livelihoods in the Poyang Lake Region 
have been transitioning to an increased dependence on nonfarm work. Based on 
household surveys across eight villages in the region, on average 65% of rural 
income was derived from nonfarm sources in 2006 (Tian et al. 2015). Rural devel-
opment in the PLR, and in China more generally, is facing a number of difficult 
issues, central to which are low rural  income and agricultural decline associated 
with nonfarm work. In Chap. 2, I provide more details on the broader policy and 
development context in China, and introduce the dynamic coupled human- 
environment system around Poyang Lake.

Chapter 3 presents a regional assessment of human well-being carried out for 
298 townships (the administrative units below counties and above villages) in the 
PLR. First, flood hazard zones are mapped, using an innovative geographic approach, 
based on a digital elevation model, levee location, height and quality, and historical 
data on lake levels. Measures of exposure and sensitivity at the township level are 
then derived, combining a land-use map interpreted from remote sensing images 
and a population distribution map with the flood hazard zones. Socioeconomic vari-
ables from the 2000 census are used to represent the three aspects of development 
in health, literacy, and income defined by UNDP.

The assessment indicates that development in the Poyang Lake Region overall is 
both highly exposed and sensitive to flooding risk. Sensitivity is closely related to 
and perhaps bound by exposure, with both levels climbing in proximity to the lake. 
The development level, however, is more closely associated with the degree of 
urbanization; higher development levels are also found in townships closer to 
county capitals (which are economic centers for rural Chinese counties). There are 
significant variations in different aspects of human well-being among the townships 
in the PLR. I discuss different sustainable development pathways for several types 
of townships and the implications for government interventions.

Chapter 4 presents an analysis of rural livelihoods, aiming to understand the 
complex processes that shape the well-being of rural households in the dynamic 
process of urbanization. The analysis is based on quantitative surveys and qualita-
tive interviews and field observations in eight villages around Poyang Lake. It 
examines rural households’ livelihoods against China’s broad development back-
ground, and within their local contexts, which also define their exposure to flood 
hazards. While urbanization has had a positive effect on reducing the sensitivity of 
rural livelihoods to flooding, some institutional factors and macro development 
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dynamics can affect and constrain rural households from developing viable liveli-
hoods. I discuss how development programs and policy may simultaneously pro-
mote rural development and mitigate flood impacts.

Chapter 5 presents an agent-based model developed to explore the effects of dif-
ferent subsidy policies on rural development and the resilience of rural development 
in the PLR. The model represents land-use and livelihood decision making of farmer 
households in three types of villages: those with poor, average, and rich farmland. 
Households in the model allocate their labor between nonfarm and agricultural 
work, make rice cropping choices, and exchange farmland in a land rental market. 
The model tests three policy scenarios: subsidies to rice growers, subsidies to large 
farms, and subsidies to households that subcontract their farmland to other house-
holds for the long term.

The model experiments aid our understanding of the nature and potential effects 
of these policies across different villages at different stages of development, and 
how rural development may be affected by economic and environmental shocks. I 
discuss how policy may need to differentiate across location and adapt in the near 
future to promote rural development and enhance the resilience of rural develop-
ment amid social and environmental changes.

Chapter 6 summarizes the findings from the PLR study and discusses the possi-
ble implications on sustainable development for other less developed rural areas. I 
also extend the sustainability framework into a more general framework for analyz-
ing global sustainability.

Chapter 7 includes a reflection on the complex systems approach to policy analy-
sis and a discussion of developing agent-based models to generate useful, convinc-
ing insights for policy analysis. The chapter concludes with a conjecture about 
sustainability of complex adaptive systems in general.
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Chapter 2
Rural Development in the Poyang Lake 
Region amid Floods

Abstract This chapter provides an introduction to the Poyang Lake Region, includ-
ing local agriculture, flood history, and the levee system around Poyang Lake. The 
chapter also describes China’s broader policy and development context, under 
which rural households develop their livelihoods. The PLR possesses unique social, 
economic, and environmental characteristics but also confronts the same issues for 
rural development as other rural areas in China. These issues include continued low 
levels of rural income and agriculture decline associated with increasing nonfarm 
income.

Keywords Poyang Lake Region • Agriculture • Flood hazards • Levees • Rural 
 development issues • Policy context in China

2.1  The Dynamic Human-Environment System 
around Poyang Lake

The Poyang Lake Region, situated within the Yangtze River Basin, lies in northern 
Jiangxi Province and covers a 20,970 km2 (Fig. 2.1). Comprising ten counties and 
two cities, Nanchang and Jiujiang, the PLR population totaled about 9.2 million in 
2010, according to that year’s census, with 78.3% of the population outside the two 
cities classified as rural. The region is relatively more developed than other rural 
areas in Jiangxi Province. The annual per capita net income of farmers was 5,789 
CNY in 2010, slightly below the national average of 5,919 CNY (Yan et al. 2013). 
Based on household surveys across eight villages in the region, on average, 65% of 
rural income derived from nonfarm sources in 2006 (Tian et al. 2015a).

The PLR is a major agricultural production area for the province and, more gen-
erally, the nation. According to Jiangxi Statistical Yearbook, the region produced 
19.08% of the total grain products in Jiangxi in 2004, as well as 32.47% of its cotton 
and 34.86% of its aquaculture products. The region’s agriculture has been shaped by 
the physical environment; as a flood plain of Poyang Lake, the terrain is flat near the 
lake and gradually rises further away (Fig. 2.2).

Rice cultivation has traditionally dominated the economy. It is grown either once 
a year, from mid- or late June to early October, as “single cropping” or “one-season” 
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Fig. 2.1 The Poyang Lake Region (Tian et al. 2015a)
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rice, or double-cropped as “two-season” rice. In the latter case, the first crop is 
planted in late April and harvested in mid-July, and a second crop is planted in mid- 
or late July and harvested in late October or early November. In some areas, under 
the influences of nonfarm work and income, farmland plots that were traditionally 
used for two-season production have been converted to one-season rice (Shi et al. 
2011; Tian et al. 2015a). The switch from one- to two-season rice has also been 
observed on remote sensing images elsewhere in the PLR (Li et al. 2012).

Cotton is an upland crop and tolerates dry conditions better than rice. It is usually 
planted in May and harvested from October until year’s end. Other agricultural 
products include rapeseed, sweet potatoes, and peanuts. Rapeseed is usually planted 
in the rice paddies or cotton fields after the harvests, and grows throughout the win-
ter. Figure 2.3 shows some of these farmer activities.

Poyang Lake is the largest freshwater lake in China, and human development in 
the PLR is vulnerable to flooding from the lake (Zhao and Guo 2001; Zhu et al. 2002; 
Huang and Dai 2004; Huang et al. 2006; Wang et al. 2006; Chen and Zhao 2007; 
Ma 2007; Jiang et al. 2008). Situated in a topographical depression, the lake collects 
water from five major rivers in Jiangxi and drains from its northern rim into the 
Yangtze River at Hukou, about 700 km downstream of the Three Gorges Dam. The 
lakebed has an average depth about 8.4 m; however, the water level varies consider-
ably throughout the year (Xu et al. 2001; Min 1997a, b).

Fig. 2.2 The terrain of the PLR, mapped using a digital elevation model (Data source: Tian et al. 
2015b)
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From April to June, seasonal rainfalls raise the water levels of the five rivers, and 
the lake waters rise as well. From July to September, seasonal rains cause the water 
of the Yangtze River to rise, and this water can flow southward back into Poyang 

Fig. 2.3 Agricultural activities around Poyang Lake. Top row: transplanting rice seedlings; pick-
ing watermelon seeds; Second row: applying fertilizers to rice; growing vegetables; Third row: 
harvesting rice; cleaning boat after a fishing trip; Bottom row: harvesting rice with machines; 
working in the cotton field
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Lake. Historically, the most severe floods occurred when water levels in the five 
rivers and the Yangtze peaked at the same time. In fact, for the period 1950−1998, 
83.7% of the highest lake levels were recorded from July to September, according 
to records at Hukou; and 65.3% of these record levels occurred in July.

Since 1950 the general trend has been toward higher rainy-season lake levels and 
greater frequency of severe flooding (Fig. 2.4; Min 1997a, b; Shankman and Liang 
2003). During the period 1951−2001, the historical high-water level reached 
22.59 m in 1998 at Hukou, and the lowest high-water level of 15.84 m occurred in 
1972 (Jiang 2006; Qi et al. 2009). On average, the high-water level was 19.11 m. 
Nine major floods occurred in 1973, 1977, 1980, 1983, 1992, 1995, 1996, 1998, and 
1999 when the high-water level exceeded 20.89 m. The 1998 food was the worst in 
recent history.

No severe floods have occurred since 1999; the lake responds to long-term cli-
mate and hydrologic cycles and has been in a low-level stage since 2000, according 
to local scientists who study its hydrology (Min and Liu, Pers. Comm.). Yet flooding 
concerns remain. In 2016 the lake again reached alarming levels, registering the 
highest water rise since 1999 and causing floods in some surrounding areas (Jiang 
and Qi, Pers. Comm.). Global climate change, the Three Gorges Dam, and ongoing 
sand dredging may increase the uncertainty of the flood regime.

For hundreds of years, the people living around Poyang Lake have built levees to 
protect the land from flooding. Since 1949 the Chinese government has expanded 
and strengthened the levee system, in part to reclaim wetlands for increased agricul-
tural production and to accommodate the area’s rapid population growth. As a 
result, more than 10,000  km2 of wetland that had previously undergone annual 
flooding has been converted to farmland and settlements (Peng 1999). About 57% 
of the flood-prone area (defined as the area below an elevation of 20.75 m) in the 
PLR is protected by levees, and the remainder is mainly permanent and seasonal 
water surface (Jiang 2006).

Fig. 2.4 High-water levels (in meters) from 1951 to 2001 (Data source: Tian et al. 2015b)
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This extensive levee construction, however, offers both security and peril. It has 
resulted in a reduction of the lake’s water storage capacity, increasing the risk of 
severe floods (Dou et al. 1999; Ma et al. 2004; Wu et al. 2004). The floodwaters of 
1998, for example, breached many important levees and caused significant eco-
nomic damage.

There are special designations for the levees, based on the amount of farmland 
and settlement area they contain (Peng 1999; Jiang 2006; Fig. 2.5). Crucial levees 
enclose more than 66.7 km2 of farmland, as well as large cities or county capitals, 
and were built high and strong (i.e., with concrete). Major levees were built to pro-
tect more than 33.3 km2 of farmland. Minor levees, usually built by rural farmers, 
protect farmland totaling less than 33.3 km2 and tend to be poorly constructed and 
maintained. About 63% of farmland in the PLR below an elevation of 21 m was 
protected by crucial and major levees (Jiang et al. 2008).

In 1986 the government of Jiangxi designated four polders (the areas of land 
enclosed by levees) for floodwater storage, to increase the area’s floodwater storage 
capacity. According to the policy, the levees enclosing these polders would be 
opened to discharge water when lake levels at Hukou reach 18.7 m. However, these 
polders were intensively farmed, and the government did not order the levees to be 
opened during the 1998 flood.

Fig. 2.5 Polders and different types of levees (Levee data source: Jiang 2006). Returned levees 
refer to levees that enclose abandoned polders under the “returning farmland to lake” policy
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After the 1998 flood, the Chinese government implemented a policy to mitigate 
flooding by restoring some of the natural wetlands. This “returning farmland to 
lake” policy resulted in the abandonment of many minor polders. The abandoned 
polders were classified into two types: “partial return” and “complete return.” In the 
partial-return polders, the villagers were resettled to higher ground, but their farm-
land could still be cultivated. In the complete-return polders, villagers were resettled 
and their farms were restored to wetland. Government regulations stipulate that 
when the lake levels reach 18.7 m, levees protecting partial-return polders of less 
than 6.67 km2 will be opened, and when lake levels reach 19.8 m, the levees enclos-
ing the partial-return areas of more than 6.67 km2 will be opened.

Agricultural scientists in the Poyang Lake Region have developed land-use prac-
tices that can potentially reduce flood damage and increase land profitability (Yu 
2002; Yuan et al. 2002a, b, 2007; Wang et al. 2002). These include planting new rice 
breeds whose growth cycles or rotation patterns will not coincide with severe flood-
ing seasons. Some involve planning land uses based on spatial variations in eleva-
tion and other properties of the natural environment. For example, famers could 
cultivate flood-tolerable crops in the lower-lying areas.

These practices have not been widely adopted, in part because government agen-
cies have limited human and financial resources for promoting them. Moreover, 
land-use planning based on spatial configurations usually requires consideration of 
a relatively large area, and such practices are not practical for individual households 
with small, fragmented landholdings, which is the case in many villages in the 
PLR. Based on the survey data collected from 1522 farmland plots in the region, on 
average, a household manages a farmland area of 8.28 mu (about 0.6 ha) consisting 
of 6.56 plots, with the mean plot size about 0.77 mu, or 0.06 ha (Tian et al. 2015a).

The PLR also holds great ecological importance. The coastal zone and wetlands 
around Poyang Lake serve as important habitats for more than 332 species of birds, 
of which 13 are internationally protected, including the critically endangered 
Siberian Crane. Natural reserves around Poyang Lake have been established for 
wildlife protection, but the reserves are not large enough to provide wintering habi-
tat for the migratory cranes and other birds, and the variety and extent of protected 
wetland habitats need to be expanded (Bird Life International 2000; Kanai et al. 
2002).

2.2  Broader Development and Policy Context in China

As with other rural areas in China, rural livelihoods in the Poyang Lake Region are 
affected by a variety of institutional factors and policy changes. From 1949 to the 
late 1970s, development policy in China focused on heavy industry under strong 
central planning (Lin 2009). To increase agricultural productivity and ultimately to 
support industrial development, communal farming systems were put into operation 
from 1966 to 1978. Heavy industry had no need for a large labor force, and rural 
migration into urban areas was controlled by a household registration system called 
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hukou, which differentiated urban and rural households, and classified a household 
as either urban or rural. Urban hukou was also associated with state-subsidized 
social benefits at that time. For example, the work units in cities provided free hous-
ing for their “formal” employees who held urban hukou. The health care and educa-
tion systems in cities were also limited to urban hukou holders. A gap in development 
and living standards began to grow between rural and urban areas.

As China launched economic reforms in the late 1970s, the communal systems 
were dismantled and replaced by a Household Responsibility System. Under the 
Household Responsibility System, farmland was contracted out to farmer house-
holds (for up to 30 years), shifting production decisions to individual households 
(Heerink et  al. 2007; Long 2014). Prices for agricultural products were also 
increased to encourage agricultural production, and a portion of the production that 
exceeded a quota was sold at higher, but controlled, prices. As a result, rural income 
and agricultural production increased rapidly during this early period of economic 
reforms (Fan 1991; Lin 1992).

The period from 1985 to 1993 saw a decrease in the state control on the market-
ing and purchasing of agricultural products. A dual price system was established for 
major products, like grain, oil-bearing crops, and pork, in which prices were fixed 
for the procurement quota, while surplus production was sold at market prices or 
negotiated contract prices. In 1993 procurement quotas were reduced and, in some 
regions, even eliminated. In this period, other products, such as fruits and aquatic 
products, were freely traded on the market.

The period from 1994 to 2003 marked the reintroduction of a government pro-
curement system for grain, as maintaining grain production and securing affordable 
food supplies became a priority for the Chinese government. To promote grain pro-
duction, prices were increased to a level even higher than world market prices, and 
the government spent a large amount of money subsidizing grain procurement, 
export, and storage. The Governor’s Grain Bag Responsibility System was imple-
mented, which made provincial and local governments responsible for agricultural 
production to ensure food self-sufficiency at the provincial level.

The growth of the industrial sector, resulting from economic reforms, also cre-
ated a demand for labor in urban centers and spurred rural-urban migration. Rural 
income, however, entered a stagnant period in the late 1980s, and the rate of grain 
production slowed as well (Huang et al. 2010). Arthur Lewis’s theory of Unlimited 
Supply of Labor can explain, to some degree, the slow wage growth for migrant 
workers (Cai 2010; Yao and Zhang 2010; Zhang et al. 2011). Using a simple two- 
sector macroeconomic model, Lewis (1954) showed that in the initial stage of 
development, the industrial sector only draws additional labor from the agricultural 
sector, and migrant workers’ wages do not rise with the growth of the industrial sec-
tor. China has a large rural labor surplus due to limited farmland (Hui and Huo 
2007). The average cultivated land was about 0.6 ha per household, according to the 
country’s 2007 agricultural census.

As a large rural population turns to migratory work, farmland is cultivated care-
lessly or left fallow in some areas. As noted, migrant workers were also not treated 
the same as “formal employees” by the work units in cities and did not enjoy the 
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same benefits as urban hukou holders (Yin 2008). Disparities widened meanwhile in 
the broader social and cultural development between urban and rural areas. These 
problems were formalized into what became known as the Three Rural Issues, 
namely agriculture, farmers, and rural areas (Zhang et al. 2004; Zhang and Chen 
2005; Shi et al. 2006; Yu and Jensen 2010). Improving rural income, reducing the 
rural-urban gap and promoting agriculture have remained major challenges and top 
priorities of the government, as described in a series of No. 1 Policy Documents 
issued by the Central Committee since 2004.

Also in 2004, the government initiated policies designed to improve agricultural 
productivity and raise farm income. These included the elimination of agriculture 
taxes, and subsidies to farmer households in the form of cash, high-quality seeds, 
and machinery. China’s agricultural subsidies have risen significantly since 2008 
(Gale 2013), but they have had only limited impacts toward increasing agricultural 
output, chiefly because nonfarm income is playing a greater role in the farmers’ 
agricultural production decisions (Gale et al. 2005; Heerink et al. 2006; Huang et al. 
2011; Gale 2013; Tian et al. 2016).

In 2006, China launched another rural development program called “building a 
new countryside.” The program represents an integrated approach to rural develop-
ment issues with multiple purposes of improving livelihoods, promoting a civilized 
social atmosphere, developing clean and tidy villages, and enhancing efficient man-
agement (Long and Woods 2011). The program has brought greater public invest-
ment in infrastructure across rural China. Fig.  2.6 shows a model village of the 
“building a new countryside” program.

The government’s recent approach to promoting rural development reflects its 
commitment to strengthening farmer households’ land rights through the issuance 
of land certificates and extensions of their contract periods. Land in rural China is 
owned nominally by “collectives,” which are not well defined (Liu et al. 2014); all 
land in China is ultimately owned by the state. Farmer households have use rights 
for the contracted farmland and can subcontract their farmland to other households 
in private land rental markets.

The government has also been encouraging farmer households to use the land 
rental markets for farmland consolidation. As noted, farm operations are typically 
small; farmland consolidation could increase land-use efficiency and agricultural 
income. In the past few years, China has stepped up its effort in farmland consolida-
tion by providing a variety of supports, ranging from cash subsidies to assistance in 
the construction of facilities, such as sheds, barns, and grain-sunning ground, to 
large farms.

Most recently, China announced new guidelines on migration and further reform 
of the hukou system in 2014. These include completely opening up towns and county-
level cities to allow rural households to settle in these smaller cities; gradually open-
ing up medium-sized cities with populations between 500,000 and one million; 
controlling residency in large cities with populations between one million and three 
million; strictly controlling populations in large cities with populations of more than 
five million (http://cpc.people.com.cn/n/2014/0730/c64387-25370735.html).

2.2  Broader Development and Policy Context in China
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The new policy moves away from the hukou system toward residency registration 
systems in cities. Any person can become a resident of a city if he/she obtains suf-
ficient points that are awarded based on age, education, expertise, and other criteria. 
Cities will provide service and social benefits to all their residents. The point sys-
tems and the number of points required for residency differ among cities. Following 
these guidelines, in 2016, many major cities announced the elimination of hukou. 
Beijing, a little behind others, just announced to eliminate hukou on September 8, 
2016  (http://zhengce.beijing.gov.cn/library/192/399/276/334/929377/80771/index.
html). Jiangxi Province is expected to announce its hukou reform policy along this 
line, too.

Fig. 2.6 A model village of the “building a new countryside” program. From top to bottom: devel-
opment plans; the village; new houses; children’s playground; a bulletin on which are written ten 
ways to become rich and ten things to avoid. Ways to become rich: learn new skills, work hard, 
plan carefully, obey the law, value honesty, cooperate, help one other, educate the next generation, 
serve the community, and love your country. Things to avoid: attending livelihoods carelessly, lazi-
ness, squandering money, gambling and using drugs…
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Chapter 3
Assessing Human Well-Being in the Poyang 
Lake Region

Abstract A regional assessment of well-being is carried out for 298 townships 
(administrative units below counties and above villages) in the Poyang Lake Region. 
First, flood hazard zones are mapped, using an innovative approach based on a digi-
tal elevation model, GIS data on levee distribution, and historical data on lake lev-
els. Then measures of exposure and sensitivity at the township level are derived, 
combining land-use data interpreted from remote sensing images and a population 
distribution map with the flood hazard zones. Socioeconomic variables from the 
2000 census are chosen to best represent the three aspects of development: health, 
literacy, and income. The assessment indicates that development in the PLR overall 
is highly exposed and sensitive to flooding risk. Sensitivity is closely related to (and 
perhaps bound by) exposure, with both rising in according with proximity to the 
lake. The development level, however, is more closely associated with degree of 
urbanization, and higher development levels are found in townships closer to county 
capitals. There are significant variations in different aspects of human well-being 
among the townships. I discuss different sustainable development pathways for sev-
eral types of townships and implications for government interventions.

Keywords Human well-being • Sustainable development • GIS • Land use • 
Quantitative assessment • Flood hazard

3.1  Mapping Flood Risk

Flood hazard is often described in terms of frequency of flooding over a specific 
period, for example, 50 or 100 years (Dunne and Leopold 1978). The frequency 
reflects the empirical probability of flooding in a particular location, often derived 
from historical records of past floods. Such records are usually aggregated at high 
levels of administrative units or based on point samples collected with insufficient 
frequency to provide detailed spatial variability of hazard over a large area.

It is possible to obtain a continuous spatial surface of flooding frequency if maps 
of flooding over a multiple-year period are available. Satellite-based remote sensing 
images provide an effective way to create maps of inundation over large areas 

The material of this chapter was published in Applied Geography (Tian et al. 2015).
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(Deutsch et  al. 1973; Rango and Solomonson 1974; Bhavsar 1984; Wang et  al. 
2002; Andreoli et al. 2007). However, they are relatively new and don’t yet cover a 
50-year period. Also the optical sensors cannot penetrate clouds, which nearly 
always accompany floods, so they are mainly used to observe the extent of flooding 
after the event itself.

An alternative approach is to model floods based on digital elevation models 
(DEMs). Because DEMs characterize the topographical basin in which a flood 
occurs, they provide important information on flood hazards. DEMs have been used 
in various ways to aid flood mapping and modeling, often in combination with other 
data, such as hydrological and hydraulic models, and satellite observations of the 
inundation extent (Correia et al. 1998; Liu and De Smedt 2005; Qi et al. 2009).

For this analysis, a DEM at 30-m resolution (Fig. 2.2) is combined with GIS data 
on levee location, height, and construction quality (Fig. 2.5), and annual high lake 
levels from 1951 to 2001 (Fig. 2.4) to map flood hazard zones in the Poyang Lake 
Region. Two elements are essential in determining the flood hazard: elevation and 
levee construction. The terrain around the lake forms a floodplain but rises farther 
away from the lake. The height and quality of the levees are important factors that 
affect the geographical variations of flood hazard, as are the varying land 
elevations.

A map of the levees around Poyang Lake was created through interpretation of 
Landsat TM/ETM+ imagery, with additional information from published sources 
and field surveys (Jiang 2006). The levee GIS data are used to adjust the DEM to 
characterize the terrain as modified by levee construction. Based on the adjusted 
elevations, historical high lake levels recorded at Hukou are used to produce a flood-
ing frequency map. Flood hazard zones are then identified according to flooding 
probability.

In theory, levee protection is the technological equivalent of higher elevation. 
But because levees can fail, and their failure is a chief cause of flooding, this virtual 
height does not provide the same level of protection as natural elevation. I borrow 
the concept of discount rate from economics to discount the virtual height created 
by a levee  based on its probability of failure. The modified elevation of a place 
behind a levee is computed as:

 E E H E R' = + *( )–  (3.1)

Where E and E' are the DEM-based and modified elevations of a pixel respec-
tively, H is the levee height and R is the discount rate, which is an (inverse) indicator 
of a levee’s failure probability. Levee type is an important determinant of flood 
hazard and indicates how often a levee is expected to fail or be breached. The dis-
count rates are as follows: 98% for crucial levees, 95% for major levees, 98% for 
flood storages, 90% for minor levees, and 80% for returned levees. These discount 
rates reflect the likelihood of levee failure. For example, the 98% discount rate for 
crucial levees can be interpreted as indicating that these levees fail once every 50 
years, or that they will stand strong against floods less severe than those that occur 
once every 50 years. Local scientists were consulted for choosing the discount rates.

3 Assessing Human Well-Being in the Poyang Lake Region
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After the DEM is adjusted (Fig. 3.1), historical data on lake levels from 1951 to 
2001 are used to generate a flooding frequency map. During this period, the histori-
cal high-water level reached 22.59 m at Hukou in 1998, and the lowest high-water 
level of 15.84 m occurred in 1972 (Jiang 2006; Qi et al. 2009). If the adjusted eleva-
tion of a place is lower than the high-water level of a year, it is counted as having 
flooded once. The total number of years in which the adjusted elevation of a place 
is lower than the high-water level is summarized to generate the flooding frequency 
over a 50-year period.

The flood frequency map is then classified to create flood hazard zones (Fig. 3.2) 
using the definitions described in Table 3.1. These flood hazard zones allow us to 
evaluate the spatial variability of flood risk, and serve as the basis for calculating 
exposure and sensitivity of human development to flooding.

3.2  Measuring Well-Being at the Township Level

The variables representing the three aspects of well-being at the township level are 
shown in Table  3.2. For the assessment, the five flood hazard zones defined in 
Table  3.1 are reclassified into three zones of high, medium, and low flood risk. 

Fig. 3.1 Elevations in the Poyang Lake Region, modified to represent the effects of levees. The 
area in white is above 30 m

3.2 Measuring Well-Being at the Township Level
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The high flood hazard zone now includes areas of high and very high flood risk, the 
low flood hazard zone includes areas of low and very low flood risk; the medium 
flood hazard zone remains the same.

Exposure is represented by the percentage of land in the high flood hazard zone, 
which reflects the biophysical environment in a township with respect to flood haz-
ards. The percentages of people and farmland in the high flood hazard zone are used 
to represent the sensitivity of human development to flooding. These measures 
reflect the outcome of human-environment interactions and how human develop-
ment can be affected by flooding. Unlike the measure of exposure (percentage of 
land in the high flood hazard zone), these measures of sensitivity are changeable.

Fig. 3.2 Mapped flood hazard zones in the PLR, as defined in Table 3.1

Table 3.1 Definitions of flood hazard zones

Flood hazard zone
Flooding frequency over  
50 years (F) Interpretation

Very low risk F = 0 Never flooded
Low risk F = 1 Flooded once every 50 years
Medium risk 1 < F ≤ 5 Flooded more than once every 50 years
High risk 5 < F ≤ 10 Flooded more than once every 10 years
Very high risk F > 10 Flooded more than once every 5 years

3 Assessing Human Well-Being in the Poyang Lake Region
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The measures of exposure and sensitivity are calculated using the map of flood 
hazard zones, a population density map, a land-use map, and township boundaries 
within ArcGIS. The China Data Center at the University of Michigan provided this 
study a population density map at one square kilometer grid level and a geographic 
data layer that approximates township boundaries in the PLR. Further details on the 
creation of the population density map can be found in Tian et al. (2015).

A land cover layer is interpreted from a pair of Landsat 7 ETM+ images (path 
121/row 40) on December 10, 1999 and July 5, 2000 (Jiang et al. 2008; Fig. 3.3). 
Because Landsat TM/ETM path 121/row 40 does not cover the entire study area, 
farmland data are collected for only 270 of the 298 townships in the PLR. The pro-
ducer’s accuracy and user’s accuracy for farmland classification are, respectively, 
82 and 94%; and further information on land cover data collection can be found in 
Jiang et al. (2008).

Three variables from the 2000 census data (provided by the China Data Center at 
the University of Michigan) are chosen to represent human development at the 
township level in the PLR.  They are the closest match to UNDP’s (1990–2014) 
human development measures in income, literacy, and life expectancy. Because 
income is not reported in the census, the number of households per thousand that 
spent at least 50,000CNY to build or purchase a house is used to capture economic 
development. The percentage of the population with at least a high school education 

Fig. 3.3 Land-use land-cover map in the PLR, interpreted from Landsat 7 ETM+ images

3 Assessing Human Well-Being in the Poyang Lake Region

qtian2@gmu.edu



35

and the number of deaths per thousand infants under 1 year old are used to capture 
broader social aspects of development. The infant mortality rate is related to health, 
and reducing infant mortality rate has been specified as a major Millennium 
Development Goal (MDG 2008).

Using quartile assignments on each of the three aspects of well-being provides a 
good understanding of relative levels of development, exposure, and sensitivity in 
the townships. These assignments also reduce the amount of information to make 
the assessment easily accessible to policy-makers and remedy the problem created 
by the lack of a direct measure of income.

3.3  Assessment Results

About one-third of the land and one-fifth of the farmland in the Poyang Lake Region 
are at risk of flooding more than once every 10 years (Table 3.3). Approximately 
one-quarter of the population lives in a location at risk of flooding more than once 
every 10 years (Table 3.3). These numbers suggest that development in the PLR 
overall is highly exposed and sensitive to flooding. However, there are large varia-
tions in the three aspects of well-being among the townships (Table 3.4).

Variables representing exposure and sensitivity exhibit similar spatial patterns, 
with both exposure and sensitivity correlating with proximity to the lake (Figs. 3.4 
and 3.5). The percentage of land in the high flood hazard zone is negatively 
 associated with the distance from Poyang Lake, with a correlation coefficient of 
−0.47. The percentage of population in the high flood hazard zone and the percent-
age of farmland in the high flood hazard zone are both significantly correlated with 
the percentage of land in the high flood hazard zone, with a correlation coefficient 
of 0.97 and 0.86, respectively. The relative level of sensitivity is identical to the rela-
tive level of exposure for most townships (247 townships), and only 17 townships 
have sensitivity one level lower than exposure (Table 3.5). These facts suggest that 
the sensitivity of development to flooding is affected by, or maybe confined to, 
exposure to some degree.

Variables representing development level do not appear to have a spatial pattern 
similar to that of exposure (Figs. 3.4 and 3.5), and the overall development level is 
not statistically associated with exposure, with a correlation coefficient of 0.02. 
There are some townships in which exposure and development influence the popu-
lation in opposite directions. 14 townships have both exposure and development 

Table 3.3 Land, population, and farmland in each flood hazard zone in the PLR

Flood hazard zone Area of land (%) Population (%) Area of farmland (%)

Low risk 63.3 68.2 66.5
Medium risk  7.4  8.6 14.0
High risk 29.3 23.2 19.5
Total 19,874 km2 7,955,966 persons 7,849 km2

3.3 Assessment Results
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levels in the lowest quartile, and 15 townships have both exposure and development 
levels in the highest quartile (Table 3.5).

Variations in development level among townships are more related to proximity 
to cities and degree of urbanization. Though the correlation between development 
level and distance to county capital are not statistically strong among all townships, 
with a correlation coefficient of 0.31, the mean distance to the county capital for 
townships in the highest quartile of development level is significantly smaller than 
that of townships in other quartiles, where p < 0.001. Development level and the 
percentage of rural population are negatively correlated, with a correlation coeffi-
cient of −0.61. The percentage of rural population alone explains 57% of the varia-
tion in development level among all townships.

Also note that the three measures of development in income, health, and educa-
tion are not closely related to one another. The housing variable and the education 
variable are correlated to some degree, with a correlation coefficient of 0.56. But the 

Fig. 3.5 Classification of townships according to the three aspects of well-being. The categories 
for exposure, sensitivity, and development level are defined in Table 3.2
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housing variable, with a correlation coefficient of −0.17, is not correlated with the 
health variable. This suggests that a higher level of economic achievement does not 
guarantee improved health, and that focusing only on economic growth may not be 
sufficient to increase overall human well-being.

3.4  Implications for Future Development and Policy 
Interventions

This assessment of development level, exposure, and sensitivity provides an over-
view of the state of development in the PLR and how it can be affected by flood 
hazards. More important, the assessment reveals large variations in the three aspects 
of well-being among the 298 townships. These variations suggest different sustain-
able development pathways and a need for different policy interventions to improve 
human well-being in the area. Several types of townships deserve particular atten-
tion, as shown in bold fonts in Table 3.5.

Townships with extremely high degrees of exposure and sensitivity, and low lev-
els of development, could be candidates of the government’s wetland restoration 

Table 3.5 Distribution of townships among quartiles of exposure, sensitivity, and development 
level

Exposure  
score

Sensitivity score  
(number of townships)

Development level (number of townships)
First  
quartile

Second 
quartile

Third 
quartile

Fourth 
quartile

1 1(67) 13 16 14 24
2(8) 1 2 2 3
3(1) 0 0 0 1
Total 14 18 16 27

2 1(4) 0 1 1 2
2(58) 17 21 8 12
3(13) 4 4 5 0
4(1) 0 0 0 1
Total 21 26 14 15

3 2(6) 2 0 2 2
3(59) 19 11 21 8
4(11) 3 4 3 1
Total 24 15 26 11

4 3(7) 0 2 2 3
4(62) 16 16 18 12
Total 16 18 20 15

Note: Boldface numbers represent township types that deserve particular attention

3.4 Implications for Future Development and Policy Interventions
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program. Many of these are quite near the lake (Fig. 3.5). The government initiative 
“returning farmland to lake” is a first step taken toward a more ecologically sound 
means of flood mitigation. This assessment provides some useful information for 
the government to move further in this direction.

Townships with extremely high degrees of exposure and sensitivity, and low lev-
els of development, could also be candidate sites for natural reserves. The current 
natural reserves around Poyang Lake do not provide adequate wintering habitat for 
the endangered cranes, and need expansion (Bird Life International 2000; Kanai 
et al. 2002). For this purpose, additional information on local-scale variations in 
hydrology of Poyang Lake and wetland habitats should be combined with the mea-
sures here to prioritize the preserves.

For highly exposed townships whose populations are also extremely sensitive, 
policies that induce people to migrate out might be appropriate. Extremely high 
levels of exposure alone can reduce human well-being to such a low level that 
out- migration becomes perhaps the best solution, particularly when human life is 
threatened. However, given their long-established livelihoods and ties to a par-
ticular place, farmer households may find it difficult to leave their villages. 
Assisting them in finding new livelihoods in cities or elsewhere can be an impor-
tant part of migration efforts. Such efforts could target future generations through 
education. Governments do need to respect the local people’s right to choose, 
though. In 12 townships, 90% of both the land and people are in the high flood 
hazard zone, and in 5 of them, more than 95% of the land and people are in the 
high flood hazard zone.

Townships whose farmland is highly sensitive to flooding may consider alterna-
tive land uses developed by agricultural scientists, as described in Chap. 2, to reduce 
flood damage and increase land profitability. The information generated by this 
assessment can help government agencies target dissemination efforts to the town-
ships that need them the most. 30 townships have more than 50% of their farmland 
in the high flood hazard zone; only 3 of them have less than 50% of their land in the 
high flood hazard zone. 13 townships have more than 80% of both their land and 
farmland in the high flood hazard zone.

Townships that are not highly exposed to flooding and have low levels of devel-
opment need to examine the social system to look for ways to improve their devel-
opment. Most of them are far from the lake (Fig.  3.5). 14 townships have both 
exposure and development levels in the lowest quartile. They are the “hotspots” and 
need further investigation into the causes for their low development in order to iden-
tify specific solutions.

Townships with degrees of sensitivity higher than exposure need to and can 
examine their development patterns to further reduce sensitivity. 34 townships 
belong to this category (Table 3.5). Finally, 12 townships have development, expo-
sure, and sensitivity levels all in the highest quartile (Table 3.5). For development to 
become sustainable in these townships, strengthening the levee system is necessary, 
in addition to making appropriate adjustments to development.

3 Assessing Human Well-Being in the Poyang Lake Region
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This assessment has several limitations due to the paucity of township-level data. 
Direct measures of income would better capture the economic aspect of human 
development. The discussions on future development of several types of townships 
are limited due to a lack of further information about those townships. The accuracy 
of the assessment can be affected by errors resulting from the classification of 
remote sensing images. Because major errors associated with farmland classifica-
tion are due to confusion of farmland with forest on the images (Jiang et al. 2008), 
the assessment accuracy for those townships that have significant forest coverage 
may suffer more than other townships.

An assessment using more recent data would generate a better understanding of 
the current situation. In another new study with Dr. Luguang Jiang at the Chinese 
Academy of Sciences, we use Landsat images to examine rice cropping changes 
around Poyang Lake. We find that from 2003 to 2013, the intensification of agri-
cultural production, i.e., switch from one- to two-season rice, has occurred mostly 
in crucial and major polders, and that rice cultivation has been de-intensified 
within minor polders. This indicates that the potential impacts of flood hazards on 
agriculture have been reduced in the region. Rural income has been rising, though 
it is still relatively low. Overall, the region has been developing in the right 
direction.

3.5  Conclusions

This assessment suggests that development in the Poyang Lake Region overall is 
highly exposed and sensitive to flooding. Approximately one-fifth of the farmland 
and one-quarter of the population are situated in areas of high flood hazard, i.e., at 
risk of being flooded more than once every 10 years. The sensitivity of development 
to flooding at the township level is closely related to, and perhaps bound by, expo-
sure, with both higher closer to the lake. The development level, however, is more 
closely associated with the degree of urbanization in a township. Higher develop-
ment levels are also found in townships closer to county capitals. There are signifi-
cant variations in the three aspects of well-being among 298 townships in the region. 
These variations indicate different sustainable development pathways and the need 
for different policy interventions for different townships.
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Chapter 4
Understanding the Complex Processes 
Underlying Well-Being of Rural Households

Abstract An analysis of rural livelihoods is carried out to understand the micro- 
and macro-level processes that shape the well-being of rural households during 
urbanization. The analysis is based on quantitative surveys and qualitative inter-
views and field observations across eight villages around Poyang Lake. I examine 
rural households’ livelihoods against the broad development background in China, 
and within their local environmental contexts, which also define their exposure to 
flood hazards. While urbanization has a positive effect on reducing the sensitivity of 
rural livelihoods to flooding, a variety of constraints, including some institutional 
factors and macro-level processes, confront rural households in developing viable 
livelihoods. I discuss how development programs and policy may simultaneously 
promote rural development and mitigate flood impacts in the Poyang Lake area.

Keywords Rural livelihoods • Rural-urban connection • Policy and institutions  
• Urbanization • Flood impact mitigation • Understanding processes

4.1  Micro- and Macro-level Processes Affecting Rural 
Livelihoods

Amid ongoing and accelerated urbanization in China, micro- and macro-level pro-
cesses affect both the livelihood options available to rural households and choices 
they make (Fig. 4.1). First of all, rural households have individual characteristics; 
five types of capital—natural, human, social, financial, and physical—provide 
resources and assets for them to form livelihood strategies and affect their capabili-
ties (Ellis 1998; Bebbington 1999).

A variety of local social and environmental factors can affect their options and 
choices. The biophysical environment largely determines the quality of their farm-
land and other natural resources, as well as the flood risk. A village’s characteristics, 
especially its social capital and location relative to a small or large urban center, can 

Part of the material from this chapter was published in the Journal of Rural Studies (Tian et al. 
2016).
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shape household livelihood options. These local factors interact with household 
characteristics to produce variations in livelihood strategies and outcomes.

Institutions and policy can also play an important role to affect or constrain rural 
household livelihood options, decisions, and development levels directly, or indi-
rectly through influencing rural-urban development dynamics. The analysis in this 
chapter is intended to understand how household characteristics, and local and 
macro-level processes, interact to shape rural household livelihood options and 
choices, and ultimately the well-being of rural households.

4.2  Measuring Well-Being of Rural Households

Development at the household level is represented by income per capita. Low 
income is invariably the central issue for development in less developed areas. As I 
observed in the field, income often determines a farmer household’s living stan-
dards. I also use the survey data to verify this observation throughout this analysis. 
Overall, income per capita is found to be a fairly good proxy for most aspects of 
development (Ray 1998).

I examine household  income sources to understand the sensitivity of a house-
hold’s livelihoods to flooding. Floods affect farm-based income—from crop cultiva-

Policy Context
• Development policy

Migration policy
Land policy

•
•

Village Characteristics 

• Location
• Social capital

Decision Making
Combine feasible 
livelihood options

Institutions
• Hukou system

Land tenure•

Rural-Urban Development Dynamics

Livelihoods
Nonfarm work
Agricultural work

Macro-Level Processes

Natural Environment 
• Resources 
• Flood risk

Household
Characteristics

• Social capital
• Human capital
• Financial capital
• Natural capital
• Physical capital

Agricultural  
Options

Nonfarm 
Options

Fig. 4.1 Micro- and macro-level processes affecting rural livelihoods (Tian et al. 2016)
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tion, forestry, and livestock to fishing and aquaculture—more so than nonfarm 
income, such as wage- or salary-based migratory work and other business activities. 
The flood hazard zone in which a household is located reflects the degree to which 
the household is exposed to flooding, and I use it to examine the household’s expo-
sure to floods. These zones are defined in Chap. 3.

4.3  Household Surveys and Interviews

The analysis of rural livelihoods is based on surveys, interviews, and observations 
across eight villages around Poyang Lake. Primary surveys were conducted in 2007 
during the Spring Festival (the Chinese New Year). The surveyed villages represent 
geographical and environmental variability in the Poyang Lake area (Table 4.1; Fig. 
2.1); their distance to urban centers and flood risk are counted as major variables.

A comprehensive dataset about land use, livelihoods, and socio-demographic 
information for 192 households is compiled from the surveys (Tables 4.1, 4.2, and 
4.3; Figs. 4.2 and 4.3). Data on crop cultivation and production are collected at the 
plot level. Demographic information, farmland endowment, education, social con-
nections (in terms of government contacts), and income sources are collected 
directly  or summarized for each household. All continuous variables are mean- 
centered for statistical analyses. Further details on survey data collection can be 
found in Tian et al. (2015). Note that the villages’ real names are not used to protect 
their privacy.

Another visit to the surveyed villages, this time with a local assistant, took place 
in summer 2008, as a follow-up to the surveys. During this visit, I conducted formal 
and informal interviews with 49 farmer households, 10 village leaders, and 10 local 
government officials, 5 of whom worked at the county level and five at the township 
level (Table 4.1). We stayed with a household in villages ZJ, TJK, and HXL, spend-
ing 5–7 days with each, observing the daily life of villagers and engaging in infor-
mal conversations. We spent a half to a full day in each of the other five villages. In 
each village, we also visited the agricultural fields in the company of a farmer or 
village leader to familiarize ourselves with the natural environment. The photos that 
follow present some aspects of rural life in the villages (Fig. 4.4). The website http://
mason.gmu.edu/~qtian2/ has more information about my visits to the villages and 
rural life around Poyang Lake.

The formal interviews include a series of questions designed based on a prelimi-
nary analysis of the survey data and informed by opinions of local scientists in 
Jiangxi. Our conversations with farmers are, however, not constrained by these pre-
set  questions; following  Holstein and Gubrium’s (1995) active interviewing 
approach, we seek in-depth understanding of how floods and other factors affect 
their livelihoods. Staying with farmer households offers many opportunities for 
informal conversations and observations, and gives us additional insights into their 
decision-making processes.

4.3  Household Surveys and Interviews

qtian2@gmu.edu

http://dx.doi.org/10.1007/978-3-319-52685-0_2
http://mason.gmu.edu/~qtian2/
http://mason.gmu.edu/~qtian2/


46

Ta
bl

e 
4.

1 
C

ha
ra

ct
er

is
tic

s 
of

 s
ur

ve
ye

d 
vi

lla
ge

s

V
ill

ag
e

Z
J

T
JK

FJ
SZ

T
Z

JY
M

Z
JQ

D
W

P
H

X
L

V
ill

ag
e 

ID
34

41
22

13
15

26
47

48
Su

rv
ey

s 
an

d 
in

te
rv

ie
w

s
N

um
be

r 
of

. 
ho

us
eh

ol
ds

 
su

rv
ey

ed

23
20

23
19

21
19

35
33

N
um

be
r 

of
 

ho
us

eh
ol

ds
 

in
te

rv
ie

w
ed

13
(3

)
15

(2
)

2
3

5(
1)

3(
1)

3(
1)

15
(2

)

Fl
oo

d 
ri

sk
Fl

oo
d 

ri
sk

2
5

3
3

4
4

1
5

L
oc

at
io

n
C

lo
se

 to
 c

ou
nt

y 
ca

pi
ta

l
N

N
Y

Y
Y

Y
N

N

In
co

m
e 

pe
r 

ca
pi

ta
 (

in
 C

N
Y

)
To

ta
l

4,
28

0.
9

4,
97

2.
2

4,
67

3.
7

3,
23

8.
2

5,
47

6.
7

5,
98

9.
8

3,
97

8.
4

3,
61

2.
2

C
ro

p 
cu

lti
va

tio
n

1,
80

3.
9

33
8.

5
1,

20
2.

9
1,

16
2.

4
46

6.
4

2,
67

4.
4

24
5.

0
20

1.
7

Fo
re

st
ry

0.
0

0.
0

0.
0

0.
0

12
.0

0.
0

0.
0

0.
0

L
iv

es
to

ck
18

3.
5

80
.8

0.
0

2.
2

33
8.

1
20

3.
3

41
.1

12
4.

3
Fi

sh
in

g
4.

6
1,

44
4.

4
0.

0
0.

0
0.

0
0.

0
0.

0
35

1.
4

A
qu

ac
ul

tu
re

18
3.

5
46

4.
6

0.
0

0.
0

0.
0

0.
0

0.
0

0.
0

O
th

er
 s

ou
rc

es
66

.7
57

.0
86

.3
41

0.
2

12
3.

7
18

6.
4

12
8.

7
16

8.
5

A
gr

ic
ul

tu
ra

l w
ag

e
97

.7
11

2.
1

0.
0

14
.8

10
0.

8
13

8.
9

20
2.

5
5.

7
N

on
-a

gr
ic

ul
tu

ra
l 

w
ag

e
1,

68
1.

7
1,

25
7.

6
3,

03
7.

9
1,

59
3.

7
3,

01
1.

9
1,

05
1.

1
1,

90
3.

3
2,

36
6.

3

Sa
la

ry
-b

as
ed

80
.4

22
7.

3
87

.9
0.

0
46

6.
1

1,
58

6.
7

1,
28

8.
1

35
4.

3
B

us
in

es
s

17
8.

9
98

9.
9

25
8.

6
54

.9
95

7.
6

14
8.

9
16

9.
8

40
.0

Pc
t. 

no
nf

ar
m

 
in

co
m

e
47

.6
2

89
.5

8
72

.4
2

51
.3

7
82

.8
3

48
.8

4
57

.7
2

76
.5

8

4 Understanding the Complex Processes Underlying Well-Being of Rural Households

qtian2@gmu.edu



47

L
oa

ns
A

vg
. a

m
ou

nt
 o

f 
lo

an
s

7,
21

7.
4

15
,3

75
8,

21
7.

4
4,

39
4.

7
85

7.
1

1,
94

7.
4

6,
31

4.
3

7,
34

8.
5

Pc
t. 

ba
nk

 lo
an

s
0.

60
32

.5
1

35
.1

8
0.

00
0.

00
13

.5
2

1.
81

5.
57

Pc
t. 

lo
an

s 
us

ed
 f

or
 

bu
si

ne
ss

0.
60

65
.0

2
2.

64
0.

00
0.

00
0.

00
0.

00
8.

25

D
em

o-
gr

ap
hi

cs
A

vg
. n

um
be

r 
of

 
la

bo
re

r
3.

0
3.

3
4.

0
3.

7
4.

3
3.

5
3.

5
3.

6

A
vg

. n
um

be
r 

of
 

m
em

be
r

4.
7

5.
0

5.
0

4.
8

5.
6

4.
7

4.
5

5.
3

L
an

d 
re

so
ur

ce
s

A
vg

. f
ar

m
la

nd
 a

re
a 

pe
r 

ca
pi

ta
 (

m
u)

2.
9

0.
6

1.
4

1.
9

1.
7

1.
2

0.
9

0.
6

A
vg

. p
lo

t s
iz

e 
(m

u)
1.

2
0.

9
0.

8
0.

8
0.

6
1

0.
7

0.
5

Pc
t. 

fla
t a

re
a

10
0

83
10

0
10

0
76

10
0

10
0

67
E

du
ca

tio
n

Pc
t. 

ho
us

eh
ol

ds
 

w
ith

 e
le

m
en

ta
ry

 (
or

 
be

lo
w

) 
ed

uc
at

io
n

10
.0

0
8.

70
26

.3
2

4.
76

15
.7

9
17

.1
4

33
.3

3
10

.0
0

Pc
t. 

ho
us

eh
ol

ds
 

w
ith

 h
ig

h 
sc

ho
ol

 (
or

 
ab

ov
e)

 e
du

ca
tio

n

25
.0

0
43

.4
8

31
.5

8
57

.1
4

47
.3

7
48

.5
7

24
.2

4
25

.0
0

So
ci

al
 

co
nn

ec
tio

n
Pc

t. 
ho

us
eh

ol
ds

 
w

ith
 g

ov
er

nm
en

t 
co

nt
ac

ts

34
.7

8
35

.0
0

21
.7

4
5.

26
14

.2
9

47
.3

7
17

.1
4

21
.2

1

N
ot

e:
 O

ne
 m

u 
is

 a
bo

ut
 0

.0
67

 h
a

4.3  Household Surveys and Interviews

qtian2@gmu.edu



48

Table 4.2 Description of categorical variables at the household level

Variable name Description
Frequency  
(n = 193)

Flood risk 1: In the very low hazard zone 35
2: In the low hazard zone 23
3: In the medium hazard zone 42
4: In the high hazard zone 40
5: In the very high hazard zone 53

Close2City 1: Village is close to its county capital 82
HaveBusinessIncome 1: Household has income from business 17

NA: Data unavailable 16
HaveSalaryIncome 1: Household has salary-based income 20
OwnTV 1: Household owns TV set(s) 191
OwnRefrigerator 1: Household owns refrigerator(s) 36
OwnAC 1: Household owns air conditioner(s) 8
OwnComputer 1: Household owns computer(s) 9
OwnMotor 1: Household owns motorcycle(s) 103
OwnCellPhone 1: Household owns cell phone(s) 124
HouseStructure 1: Mud 11

2: Brick 55
3: Concrete-steel 114
4: Others (mixed material) 10
NA: Data unavailable 3

HaveLoans 1: Household has loans 84
HaveBankLoans 1: Household has bank loans 10
HouseholdType 1: Household has no children who are 6 years  

(or younger)
140

2: Household has children who are 6 years  
(or younger) and senior citizens who are 60 years 
(or older)

16

3: Household has children but no senior citizens 37
MoreFlatArea 1: Percentage of flat farmland a household 

manages is above the average percentage of 85%
40

NA: Data unavailable 20
Education5Levels The highest degree that the household members 

received
0: Illiterate 4
1: Elementary 28
2: Middle school 85
3: High school 43
4: College 33

Educaltion3Levels 1: Elementary (or below) 32
2: Middle school 85
3: High school (or above) 76

WithGovContacts 1: Household has government contact(s) 46
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Table 4.3 Description of quantitative variables at the household level

Variable name Description Min Max Median Mean SD

Income per capita Including income from 
all sources

0 32,620 3,778 4,537 3,824.7

Farming income per 
capita

Including income from 
crop cultivation, 
forestry, livestock, 
fishing, aquaculture, 
and agricultural wages

0 15,000.0 1,028.0 1,665.0 2,102.0

Non-agricultural wage 
per capita

Income from 
non- agricultural 
wage-based migration 
work

0 9,400 1,600 1,973 2,210.9

Salary-based income 
per capita

Income from 
salary-based work

0 12,000 0.0 545.6 1,733.7

Business income per 
capita

Income from business 
activities

0 20,000 0.0 353.3 2,161.9

Pct. nonfarm income Percentage of nonfarm 
income, including 
non- agricultural wage, 
salary-based income 
and business income

0 100 67.94 55.97 38.10

Number of wage- based 
migration jobs

Number of household 
members who do 
non- agricultural 
waged-based work

0 8 1 1.20 1.28

Number of member Total number of 
household members

2 10 5 5 1.68

Number of laborer Total number of 
household members 
who are older than 16 
years and younger than 
60 years

0 7 4 3.6 1.39

DependenceRatio (%) Percentage of the 
number of children 
and senior citizens

0 100 0.0 15.31 19.85

PctLabor (%) Percentage of the 
number of laborers

0 100 75.00 74.06 23.43

Farmland area per 
capita (mu)

Total area of farmland 
per capita that a 
household manages

0 8.15 1.04 1.43 1.40

AvgPlotSize (mu) Average size of plots 0 3.26 0.67 0.70 0.53
PctFlatArea (%) Percentage of flat 

farmland
0 100.00 100.00 86.61 27.69

Note: All income measures are in CNY
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Fig. 4.2 Livelihoods and income composition in surveyed villages
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Fig. 4.3 Income distribution among surveyed households

4.4  The Use of Quantitative and Qualitative Analyses

I examine the differences in livelihood strategies across the surveyed villages and 
compare their natural environments, locations, and social characteristics to under-
stand how these local factors affect the household livelihoods. Based on the 
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variations in per capita income among surveyed households (Fig. 4.3), three groups 
of households with extreme income are identified. Group A has an extremely low 
development level, with per capita income below 1,000 CNY.  Group B has an 
extremely high development level, with per capita income above 25,000 CNY. Group 
C has a high development level, with per capita income above 10,000 CNY, but 
below 15,000 CNY. In each group, I look at the livelihood profiles and household 
characteristics to analyze what makes a household better or worse off.

Finally, I turn to the majority of surveyed households and examine their decision 
making to illustrate various constraints they face in developing their livelihoods. 
While qualitative interviews and field observations allow a deeper understanding of 
their options and choices, the survey data complement and strengthen the qualitative 
understanding. The interviews also provide detailed information about crop-growth 

Fig. 4.4 Rural life in villages around Poyang Lake
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cycles, which allows me to examine how flood hazards affect agriculture in the 
region. Additionally, I use the household survey data to explore the relationships 
between development level, sensitivity, and exposure.

4.5  Results

4.5.1  Differences among Villages and Local Social, 
Environmental Factors

The surveyed villages differ in mean income per capita (Appendix: Fig. 4.1), but the 
differences are not statistically significant due to large variations among the house-
holds within those villages (Appendix: Fig. 4.2). Income per capita at the village 
level does not consistently correlate with exposure to flood risk; those with lower 
exposure do not all have higher mean income per capita, and those with higher 
exposure do not all have lower mean income per capita (Table 4.1). In fact, villages 
ZJQ and ZJYM have higher mean income per capita than all other villages and a 
higher exposure than most.

Certain characteristics of a village, however, do provide advantages or disadvan-
tages for the development of household livelihoods. Being located near an urban 
center, as are ZJQ and ZJYM, provides market accessibility to high-return income 
options, such as raising livestock or commercial vegetable production, as well as 
opportunities for seasonal nonfarm work. Households located near urban centers 
can combine these options to earn a good income without having to leave their 
homes (see also Veeck and Pannell 1989).

Villages endowed with special natural resources can use these resources to 
improve income quickly. For example, villagers in TJK made good money from 
river sand mining until the government began to regulate the practice in the Poyang 
Lake area amid concerns about environmental issues. Yet villages like TJK, with 
access to special types of natural resources, are few. While households in villages 
with rich, highly productive farmland, like ZJ, benefit from combining good farming 
income with wages from migratory work, households in farmland-poor villages, like 
HXL, have to leave their homes to seek migratory work. These advantages or disad-
vantages in natural resources are largely fixed, based on geographical locations.

The leadership of a capable farmer or household can play an important role in 
shaping the livelihoods of all the village households. Most villagers find migratory 
work through other farmers in their village (or, in some cases, through relatives). 
Therefore, the kind of migratory work available to them, which largely determines 
their income, depends on the overall social connections between the village and the 
outside world. If a few households in a village do very well, their success can inspire 
other households or create job opportunities for others. Our conversations with local 
officials reveal that even when government agencies choose villages for special 
development projects, they look at villagers’ initiative; their experiences show that 
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a project is more likely to succeed if villagers demonstrate initiative and have the 
capacity to carry out the project.

Strong leadership can enhance a village’s social capital. Its absence is often asso-
ciated with a village’s low development levels, and low morale, which reinforces a 
negative spiral. In almost every successful development story, there is a visionary 
and capable leader who takes the interests of the village to heart and pulls the vil-
lagers together (Zhang and Chen 2005). Such leadership was generally absent in the 
villages we visited, and can be enhanced.

4.5.2  Low-Income Households

The eight households with extremely low incomes share several characteristics 
(Table 4.4). They all rely completely on crop cultivation, and their income from 
crop cultivation is very low. They have very low education levels, generally only an 
elementary school education, with illiteracy not uncommon. Most have no govern-
ment contacts. Four of the households consist of old couples who cannot do migra-
tory work and barely get by growing subsistence crops. When an elderly couple has 
no sons to provide financial support, their household is called Wu Bo Hu. The Wu Bo 

Table 4.4 Group A: households with extremely low income

Variable H1 H2 H3 H4 H5 H6 H7 H8

Village ID 22 34 47 26 48 26 15 13
Flood risk 3 2 1 4 5 4 4 3
Close2City 1 0 0 1 0 1 1 1
Income per capita 0 50 300 500 738 800 855 750
Total income 0 100 900 1,000 1,475 1,600 3,420 1,500
Nonfarm income 0 0 0 0 0 0 0 0
Motorcycle number 0 0 0 0 0 0 0 1
Refrigerator number 0 0 0 0 0 0 0 0
AC number 0 0 0 0 0 0 0 0
Computer number 0 0 0 0 0 0 0 0
Cell phone number 0 0 0 0 0 0 0 0
House structure 1 2 2 2 2 1 2 2
Farmland area (mu) 3.90 0.02 2.10 5.10 2.00 0.06 8.00 1.90
Number of household 
member

2 2 3 2 2 2 4 2

Number of laborer 2 0 2 2 2 0 2 2
Household of an elderly 
couple

N Y N Y Y Y N N

Education5Levels 0 0 1 1 1 0 1 1
Number of government 
contacts

0 0 0 1 0 0 0 0
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Hu receives some governmental assistance, but the amount is small and insufficient 
for a comfortable life.

The living standards of the low-income households are also very low. These vil-
lagers still live in mud or brick houses, while most households have houses made of 
reinforced concrete. They own no air conditioners, refrigerators, cell phones, motor-
cycles, or computers. They are found across seven of the eight surveyed villages, 
suggesting that extremely low development at the household level does not correlate 
with location or flood risk.

4.5.3  High-Income Households and Successful Livelihood 
Strategies

The top two households with extremely high income both make significant money 
from business (Table 4.5). The remaining high-income households, however, have 
mixed livelihood profiles (Table 4.6). All these households with high income enjoy 

Table 4.5 Group B: 
households with extremely 
high income

Variable H9 H10

Village ID 41 15
Flood risk 5 4
Close2City 0 1
Income per capita 32,625 26,163
Total income 130,500 104,650
Nonfarm income 84,500 103,000
Farming income 46,000 1,650
Agricultural wage 0 0
Non-agricultural wage 0 0
Business income 80,000 75,000
Salary-based income 4,500 28,000
Motorcycle number 1 0
Refrigerator number 1 1
AC number 1 0
Computer number 0 1
Cell number 1 3
House structure 3 3
Farmland area (mu) 11.00 3.80
Number of household members 4 4
Number of laborers 1 4
Education5Levels 2 4
Number of government 
contacts

5 0

Bank loans (CNY) 100,000 0
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relatively good living conditions. The top two households own air conditioners. 
Many of the high-income households own motorcycles, cell phones, and houses 
built of reinforced concrete. Half of them have refrigerators, and two own comput-
ers. They are distributed across all eight surveyed  villages, suggesting that high 
development at the household level does not correlate with location or flood risk.

The livelihoods of these high-income households suggest that each of the four 
livelihood profiles as shown in Table 4.6 can lead to high development levels: (I) 
diversified near-home; (II) business-oriented high-return; (III) farming-based; and 
(IV) combined migratory work and farming. Certain household characteristics and 
some local factors are important for the success of these profiles (Table 4.7).

Among the wealthiest households are those that have success in business 
(Table 4.5). These households are few and appear to share a special kind of capabil-
ity: they are willing to take risk. All the interviewed farmers seem to understand that 
high economic returns involve high risks, and some farmers are able to share suc-

Table 4.7 Household characteristics, local factors, and successful livelihoods

Livelihood 
profile Sub-type

Total 
labor Education

Risk 
taking

Hard 
working

Social  
status and 
connections

Other 
factors

I. Diversified 
near-home 
profile

A member is 
a village 
leader

* * ***

No member 
is a village 
leader

* * * Location 
near urban 
centers

II. Business- 
oriented 
high-return 
profile

Business as 
the major 
income

* *** *** Location 
near urban 
centers

III. Farming-
based profile

High-cash- 
value crop 
cultivation

* *** Location 
near urban 
centers

Large-scale 
rice 
production

* *** ** Good 
farmland 
resources

IV. Combined 
migratory 
work and 
farming 
profile

Salary-based 
work as the 
major income 
source

** *** *

Wage-based 
migratory 
work as the 
major income 
source

*** **

Note: The number of * indicates the degree of importance
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cess stories of risk takers. But very few of them are willing or able to assume such 
risks themselves.

Social connections are important for finding business opportunities and obtain-
ing investment capital. Many  of the business-oriented  households lacked initial 
investment capital and borrowed money from friends, relatives, or banks to start 
their businesses. In interviews, farmers often use the term Men Lu. They explain that 
their bad situations have resulted from a lack of Men Lu and attribute the success of 
some other households to their possessing Men Lu. Men means “door” and Lu means 
“road.” The term Men Lu can be best understood in English as options that come 
through social connections.

As a special form of social connection, government contacts can provide access 
to information, help obtain bank loans, and sometimes offer business opportunities 
directly. More households with business income and bank loans have government 
contacts than do those that lack business income or bank loans (Appendix: 
Table 4.1). Business-oriented households do not necessarily have very high levels of 
education (Table  4.5), and there is no significant difference in business income 
among three education levels (Appendix: Table 4.2). Business-oriented households 
do not necessarily have large amount of labor either (Table 4.5) because they can 
and do often hire laborers.

Two common types of households are successful in creating a diversified near- 
home livelihood: those in villages near an urban center and those with a member 
who is a village leader (Table 4.6). The location of a village near urban centers 
facilitates the development of successful, diversified livelihoods through combining 
vegetable cultivation, livestock production, and near-home nonfarm work.

Villages are the lowest level of administrative divisions of China. Village leaders 
are appointed by higher-level administrative units or are often now elected by vil-
lagers. As the head of a village, village leaders usually have better connections with 
local government officials. These connections and a leader’s status in the village are 
important for acquiring contracts on special, often scarce resources, such as fish 
ponds. The village leaders are also better informed about the outside world and 
more aware of business opportunities.

Households with a farming-based livelihood profile can achieve high incomes 
through vegetable production or larger-scale rice cultivation (Table  4.6). These 
households are commonly hard working, in the sense that farmers must use great 
physical strength and tolerate all kinds of weather. Farming in the surveyed villages 
is mostly accomplished with human labor, although rice harvesting by machinery 
has been widely adopted in relatively flat areas.

Location near an urban center provides local market accessibility and facilitates 
vegetable production. There are success stories of commercial vegetable production 
in places far from any urban center, but these scenarios take extraordinary leader-
ship and collective action. To form a scale of production large enough, for example, 
it is necessary to convert farmland over large areas—often including a whole vil-
lage, town, or even a county—to vegetable fields. Sales channels and transportation 
must be arranged and coordinated for all the producers. 
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Living in an area with rich farmland makes it relatively easy for a household to 
acquire farmland, facilitating  rice cultivation at larger scales.  Social connections 
are, in general, useful for farmers to obtain land rental contracts. Some farmers have 
managed to contract large areas of farmland for rice cultivation in villages other than 
their own, and for these farmers, the social connections are even more important.

Education and labor amount are most important for the success of households 
with the combined farming and nonfarm work incomes (Table 4.6). Education plays 
a large role in influencing nonfarm income. The migrant workers usually earn higher 
incomes from salary-based jobs than from wage-based work, but salary-based jobs 
require higher levels of education. Migrant workers with low education levels often 
do temporary wage-based jobs that involve hard labor or poor working environments. 
The survey data show that households with high school education (and higher) on 
average have higher salary-based income, whereas households with elementary edu-
cation (or below) have lower income from migratory work (Appendix: Table 4.2). 
Wages for migratory work do not vary significantly, and more nonfarm income can 
be  accrued if more members participate in migratory work.

4.5.4  Most Households and Constraints on Rural Livelihoods

Based on a regression analysis, per capita income, for the majority  of surveyed 
households, is significantly associated with farmland area, demographic composi-
tion, education, number of members participating in wage-based migratory work, 
and whether a household has salary-based income or government contacts 
(Table 4.8). The fact that farmland area per capita is a significant factor suggests that 
farming is still an important component of rural livelihoods for most households, 
and farmland resources contribute to some between- household variations in per 
capita income.

Having children but no older people in the household (who can care for children) 
negatively correlates with per capita income. In such cases, parents may have to   
stay on the farm, though they could make more money doing urban migratory work. 
I have discussed the role of education and the differences between wage- and salary-
based nonfarm work in Sect. 4.5.3. Government contacts can help secure salary-
based jobs, in addition to providing access to information, bank loans, and business 
opportunities, as discussed in Sect. 4.5.3. A larger proportion of surveyed house-
holds with salary-based income have government contacts (Appendix: Table 4.1).

For most households, income per capita is not associated with location or flood 
risk (Appendix: Table 4.3). Their income largely correlates with other aspects of 
living conditions (Appendix: Table  4.4). Motorcycles are becoming a common 
transportation tool for most of them. Households that own computers or air condi-
tioners are few (Table 4.2), and they have relatively high income.

These findings are consistent with the analysis of extreme-income households. In 
fact, most households rely on a combination of farming with nonfarm work, and 
have a livelihood profile IV. They execute it to varying degrees of success, depend-
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ing on their characteristics in education, demographics, social connections, and 
farmland resources. Those high-income households are able to achieve higher levels 
of development because they have advantages in some of these factors. On the other 
hand, a negative combination of these factors lead to livelihoods dependent on crop 
cultivation and low levels of development for extreme low-income households (see 
also Glauben et al. 2012).

These variations in livelihood options, strategies, and development levels among 
rural households mostly result from the interactions between household character-
istics, village characteristics, and local environmental factors (Fig. 4.1). While local 
biophysical environments and certain village characteristics provide advantages or 
disadvantages for the development of rural livelihoods, individual households are 
not totally confined by them, as demonstrated by those high-income households.

In general, human capital (especially education) and social capital (connections) 
are most important among a household’s five types of capital. They shape a house-
hold’s feasible options and determine the outcomes of its livelihood strategy. They 
also affect how successfully the household can acquire additional farmland and 
accumulate financial capital.

The development of household livelihoods is also path dependent, and the out-
comes of a household’s livelihood strategy reinforce its characteristics and capabili-
ties over time (Fig. 4.1). Some households in the villages, through their accumulation 
of investment capital during the early period of economic reforms, are now able to 
take risks to further diversify their economic activities. Poor households tend to be 
more cautious about borrowing money to invest in high-return livelihoods, are less 
likely to seek loans, and more likely to maintain traditional low-return livelihoods, 

Table 4.8 Linear regression results

Category Independent variable

Excluding all high-
income households

Excluding top two 
households

Coefficient p-value Coefficient p-value

Education Education3Levels 2 651.95 0.14 1233.29 0.03*
Education3Levels 3 1110.34 0.018* 2056.44 0.0006**

Demographics HouseholdType 2 −476.69 0.47 −236.10 0.77
HouseholdType 3 −701.27 0.12 −1043.69 0.06***
DependenceRatio 0.23 0.98 −10.52 0.34
PctLabor 8.91 0.19 9.99 0.23

Land resources Farm area per capita 266.35 0.06*** 272.18 0.14
AvgPlotSize −401.16 0.26 −105.82 0.82

Income sources Number of wage- 
based migratory jobs

551.63 0.0005** 601.23 0.002****

HaveSalaryIncome 1232.55 0.04* 2536.09 0.0004**
Social 
connection

WithGovContacts 597.11 0.099*** 920.62 0.04*

Intercept 2062.31 0.0005** 1434.70 0.05***
Adjusted R-squared 0.1987 0.2819

Note: *p-value ≤ 0.05, **p-value ≤ 0.001, ***p-value ≤ 0.1, ****p-value ≤ 0.01
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thus falling into a poverty trap. Without external interventions, it will be difficult for 
these households to break the poverty cycle.

The interviews and field observations suggest that farmer households in the 
Poyang Lake Region are well informed about possible land-use and livelihood 
options, and able to articulate the costs and benefits associated with them, though 
they do not always have the assets or capabilities to implement them (Tian et al. 
2015). The majority of the surveyed households are constrained in terms of feasible 
options (Fig. 4.5).

Most of the surveyed households do not live near an urban center or in a village 
endowed with special natural resources. The majority do not have government con-
tacts or investment capital for high-return livelihoods, such as business; nor can they 
take the associated financial risk. Constrained by relatively low education, migrant 
workers typically seek work in the labor-intensive industrial sector and perform 
low-paying nonfarm jobs. In addition, their small farms produce low economic 
returns from crop cultivation, making it less likely that they can improve their 
incomes.

The increase in wages of migrant workers is slow also because the urban job 
market is flooded with a large rural migrant population. Some scholars use the the-
ory of Unlimited Supply of Labor (Lewis 1954) to explain the slow wage growth for 
migrant workers in China, and argue that China now may have passed the “Lewis 
Point” (Cai 2010; Yao and Zhang 2010; Zhang et al. 2011).

In addition to the direct consequence of low agricultural income, the small farm-
land size constrains rural livelihoods in other important ways. Small farms cannot 
adopt higher-value crop types because in a free-market economy, farmer house-
holds face difficulty finding sales channels for their alternative small-scale produc-
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tion (Fig. 4.5). The small farmland size also discourages them from investing in 
agriculture, further preventing a rise in agricultural output (see also Tan et al. 2010). 
Across the surveyed villages (excepting ZJ, which has rich farmland), most adults 
are away from home doing migratory work, and the people we frequently see are the 
elderly, children, and some women; the overall effort in crop cultivation is low.

Though households can acquire additional farmland in land rental markets, most 
land rental contracts are privately negotiated, of short duration, and usually renewed 
on a yearly basis. The insecurity inherent in these short-term informal contracts 
discourages land exchanges. Some farmers in the surveyed villages say they would 
like to rent more farmland and specialize in agriculture, but they worry that the 
households to which the farmland was initially assigned may take back the rental 
land if they see improved productivity.

The hukou registration system affects not just the welfare and well-being of 
migrant workers in cities (Wong et al. 2007; Yin 2008). It can also constrain liveli-
hood options for rural households (Fig.  4.5). As discussed earlier, when parents 
cannot find the means to take care of their young children, they cannot work in cit-
ies. Additionally, because of the differentiation of urban and rural hukou, migrant 
workers in the cities lack the same social security and benefits as urban populations 
and therefore regard farmland as their chief social safety net (see also Liu et  al. 
2014). This prevents those households that do well in cities from releasing their 
farmland to other households that want to specialize in agriculture. Across the sur-
veyed villages, there are unoccupied new houses; their owners work somewhere 
else as migrants, but intend to come back and live in the village later. The recent 
hukou reform is expected to change this situation, which I will discuss in Sect. 4.6.1.

While low education and a lack of social capital and collective action all contrib-
ute to the average low levels of rural income, the constraints associated with institu-
tional factors and macro-level processes cannot be resolved by individual 
households.

4.5.5  Sensitivity to Flooding and Inequality in Flood Impacts

The livelihoods of most households are not greatly affected by flooding because of 
their participation in the urban economy. Income diversity exists across all the sur-
veyed villages (Table 4.1; Fig. 4.2); on average, more than half of the total income 
is from nonfarm sources (Table  4.3). And the households that have experienced 
flooding more frequently in the past include greater proportions of nonfarm income 
(Tian and Lemos in review; Appendix: Table 4.5). But poor households are most 
affected by flood hazards because their crop-cultivation-dependent livelihoods are 
highly sensitive to flooding.

Commercial vegetable production and larger-scale rice cultivation appear to be 
most sensitive to flooding. However, the households that have these two types 
of livelihoods are not likely to be much affected by flood hazards for the following 
reasons. Commercial vegetable production is usually practiced in villages near an 
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urban center. Larger-scale rice cultivation is often found in areas with rich, highly pro-
ductive farmland—these are major agricultural production centers. The urban cen-
ters and major agricultural areas  in the PLR are protected by high-quality levees 
built and maintained by the government. The survey data also show that the house-
holds whose major income is from farming in general have experienced flood events 
infrequently (Tian and Lemos in review).

Flood impacts on agriculture also vary across locations. Agriculture in the PLR 
appears to be sensitive to flooding. Severe floods, which usually occur between July 
and September, can affect early rice harvesting, late rice planting, and one-season 
rice and cotton growing. Rice production in particular can suffer heavy damage 
when severe floods occur in July. The early rice harvest can be reduced or wiped out, 
and the late rice planting season missed if floodwaters remain for lengthy periods. 
However, the villages with rich, productive farmland, again, are the major rice pro-
duction centers protected by well-built levees. Consequently, the sensitivity of their 
agricultural production to flooding is low. Villages with poor farmland are usually 
protected by low-quality levees and show a high sensitivity. More generally, agricul-
ture in the high flood hazard zone is sensitive to flooding; according to the assess-
ment in Chap. 3, 21.6% of farmland in the region lies in the high flood hazard zone.

4.6  Reflections on Policy

4.6.1  Urbanization and Rural Development

This analysis has demonstrated that the broader development context can signifi-
cantly affect rural livelihoods. Development policy in general needs to look at rural 
development as an integrative, endogenous part of overall development, and guide 
urbanization to benefit rural households. Rural households make livelihood deci-
sions also according to their own characteristics and local contexts. There are mul-
tiple paths to successful livelihoods, and we can expect that they will continue to 
develop their livelihoods along various paths. While some households may eventu-
ally exit or specialize in agriculture, others are likely to maintain rural and urban 
mixed livelihoods.

The stage of urbanization can be measured by the proportions of rural house-
holds performing urban work, agricultural work, and combined farm/nonfarm work, 
and how their respective incomes show improvement (Fig. 4.6). As urbanization 
increases, so too will the proportion of households that perform urban work. We 
may consider urbanization successful if at the end of this process, the income for all 
types of households is comparable to urban household income. Using such a sys-
tems perspective, we can assess our progress at any given time and learn useful 
insights for steering urbanization toward this desired final state.

Given the limited farmland resources and large rural populations, it is not diffi-
cult to understand, and most scholars agree, that increasing rural income will be 
dependent on nonfarm employment, and that the industrial sector is the engine driv-
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ing overall economic growth (Huang and Peng 2007). But the amount of rural labor 
transferring to the urban sector must be appropriate for that sector’s development 
level, and policies that strive to promote industrial development should consider the 
quality and quantity of rural labor to facilitate rural labor transfer (Fig. 4.6). This 
would likely promote a linked, balanced growth of both sectors, which is essential 
for all rural households to increase incomes regardless of their livelihood types (see 
also Nurkse 1961; Johnston and Mellor 1961)—as the industrial sector grows and 
employs more rural migrants who make permanent homes in the city, households 
that stay in the countryside will be able to enlarge their farming operations, improv-
ing both agricultural production and income (Fig. 4.6).

Development, migration, and land policies can work synergistically to foster 
such healthy urban-rural development dynamics to lift macro-level constraints and 
facilitate rural households developing robust livelihoods through different paths. 
Hukou and land reform, farmland consolidation, and urban planning all play a part 
and must be considered together from this system’s perspective.

The government’s new migration policy that moves away from the hukou sys-
tem  toward a residency registration system is timely. This addresses the social 
unfairness inherent in hukou, especially for younger generations from rural areas 
because it will give them the same opportunities as they get a college education and 
compete for  employment in the cities. Meanwhile, the government can use the 
point-awarding system to guide migration so as to avoid some of the potential unde-
sirable outcomes of migration.
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While hukou is associated with several issues in rural development, as discussed 
earlier, there is one major concern about the elimination of hukou—it could lead to 
an overflow of migrant workers to large cities, where labor absorption capabilities 
are limited. This would disturb the overall development dynamics (Fig. 4.6), and 
could lead to the rural poor becoming urban poor, a phenomenon that has been 
observed in some other  developing countries (Dandekar 1997; Jellinek 1997; 
Anjaria 2006; Davis 2006).

The new residency registration system is an effective, flexible way to influence 
migration and urban growth. Because of the tough point requirements in larger cit-
ies, many migrant workers are more likely to settle in smaller cities; this can poten-
tially encourage economic growth and increase urbanization in these cities. Farmers 
may also find it relatively easy to adapt to urban life if they settle in smaller cities 
near their villages.

The growth in smaller cities can also create near-home, nonfarm work opportuni-
ties and expand high-return livelihood options to more farmer households, which 
would improve their overall livelihoods. The industrial development in smaller cit-
ies may focus on activities that suit the natural environment and integrate agricul-
ture and local culture.

Closely related to the new migration policy is China’s initiative on the develop-
ment of urban clusters to drive economic growth through urbanization, and to influ-
ence the pattern of migration. Urban clusters usually include one or two nucleus 
cities and networks of cities with well-connected transportation systems across 
 provincial boundaries. The Perl River Delta (around Guangzhou and Shenzhen) and 
Beijing-Tianjin-Hebei (around Beijing and Tianjin) are among those early city clus-
ters. Currently 11 city clusters exist mostly in the eastern regions,

China plans to increase this number to 19 by 2020, according to the country’s 
11th 5-year plan (2014–2020). The new clusters under development are also 
intended to promote economic growth in central China. The middle reaches of the 
Yangtze River is among those new clusters under development. It includes Hubei 
Province, Hunan Province, and Jiangxi Province, covering a total of 3,170,000 km2. 
This will affect rural development and migration patterns in the zone that includes 
the PLR.

From the systems perspective, the development of urban clusters and the new 
migration policy can,  and I expect them to, synergistically contribute to healthy 
urban-rural development dynamics. However, the scale of Chinese urban clusters is 
unprecedented and will likely create challenges for infrastructure and governance. 
How smaller cities are integrated with these urban clusters is not clear. The spatial 
configuration of urban centers at different scales can have important implications 
for both rural and urban development in the long run. The effects of these urban 
development and migration policies remain to be seen.

In the agricultural sector, the government should continue its efforts in farmland 
consolidation. The government’s policy guidelines for farmland consolidation 
through exchanges in land rental markets are sound in principle. Providing special 
support to large farms can increase scales of farming operations, and this, together 
with the hukou reform and urban development plans, will likely lead to linked 
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growth of the agricultural and industrial sectors. But the government needs also to 
ensure that the degree of farmland concentration is in accord with the amount of 
labor employed in the industrial sector.

Another approach to farmland consolidation could be to subsidize households 
that subcontract their farmland under long-term formal contracts. Coupled with the 
new migration policy that relaxes and eliminates hukou, this approach could encour-
age households that do well in cities to exit agriculture. In the next chapter, I use an 
agent-based computer model to explore the potential effects of such a policy in 
comparison to existing subsidies for rice growers and large farms.

Besides economic development, further improvements in social and cultural 
development are desirable in rural areas. The “building a new countryside” initiative 
has already produced observable effects on improving physical infrastructure and 
cultural life in some of the villages we visited. As the macro economy grows, the 
government may broaden the benefits of current health care and social welfare sys-
tems in the countryside. This is also an effective way to share the fruits of economic 
reforms with rural populations, whose interests have previously been compromised 
for urban development.

Land tenure has been a subject of debate among Chinese scholars (Li and Li 
1989; Wei 1989; Chi 2000; Dong 2008); some argue that privatization is necessary 
to secure land rights for rural households and solve the Three Rural Issues, namely 
agriculture, farmers, and rural areas (see Palomar 2002; Zhang 2002; Liu and Han 
2006). However, privatization of land could introduce a sudden change to the  overall 
development dynamics and may not necessarily benefit farmer households (Fig. 4.6).

Under a private-property regime, households that do well in cities could instead 
hire labor to manage their farmland and may not release farmland to other house-
holds. Poor households that lack other viable livelihoods may be forced to sell their 
land for short-term gain, ending up becoming urban poor or agricultural laborers. 
Thus there would likely be a rise in inequality. Furthermore, it may not be a viable 
option for most households to use farmland as collateral to obtain bank loans for 
higher-return livelihoods—very few of them can take such risks and their holdings 
are too small.

Empirical evidence from the developing world shows that property rights titling 
is not always beneficial for development, and has in fact failed to deliver the benefits 
claimed by its proponents (e.g., De Soto 2000). It has sometimes even harmed the 
poor (Gilbert 2002; Cousins et al. 2005; Payne et al. 2009; Sjaastad and Cousins 
2009; Domeher and Abdulai 2012). For example, in Latin American countries 
where more complete neoliberal policies have been implemented, economic growth 
has not led to significant poverty reduction; many smallholder farmers remain poor, 
and deep inequality persists (Berdegué and Fuentealba 2011).

A major problem associated with the current land tenure in China is land requisi-
tion by local governments (often for such purposes as industrial development). This 
can cause rural households to lose their land-based livelihoods, and in some cases, 
rural households are not compensated appropriately (Liu et  al. 2014). Laws that 
specify and protect rural households’ land rights are in place. The government must 
strengthen the enforcement of these laws. Issuance of land certificates to farmer 
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households and extensions of their land contract periods will help strengthen farmer 
households’ land rights; the insecurity of rental land could be remedied by long- 
term formal contracts.

4.6.2  Flood Impacts and Equitable, Sustainable Development

Development programs and policies may simultaneously promote human develop-
ment and mitigate flood impacts in the Poyang Lake area in several ways. As noted, 
facilitating urbanization to benefit rural households could continue to improve 
rural income and reduce the dependence of rural livelihoods on agriculture, espe-
cially for households with high exposure to flooding. Encouraging larger-scale 
farming operations could also help make more feasible the land-use practices devel-
oped by agricultural scientists that utilize spatial planning to increase land profit-
ability and reduce flood damage.

Poverty reduction programs may focus on enhancing the capabilities of poor 
households through education and training to help them develop diversified liveli-
hoods. This would not only improve their livelihoods but also reduce their depen-
dence on crop cultivation. Providing better welfare to rural populations in general, 
and the elderly in particular, could enhance their resources to cope with flood 
impacts as well.

Villages with poor farmland resources face greater challenges for development 
than other villages. Their poor farmland limits agricultural output. Furthermore, 
their agricultural production is highly sensitive to flooding because of poor levee 
protection. Many village households would probably be better off seeking urban- 
based livelihoods. The Jiangxi provincial and local governments could provide 
assistance to these households in establishing secure urban livelihoods. This could 
also address the issue of inequality in natural resources that is increased by the gov-
ernment’s interventions on levee construction.

4.7  Conclusions

This analysis of rural livelihoods shows that the level of income and well-being of a 
household is largely determined by its livelihood strategy and how successfully the 
household executes that strategy. Four major livelihood profiles are identified using 
the survey data: (I) diversified near-home; (II) business-oriented; (III) farming- 
based; and (IV) combined migratory work and farming. Each of these can lead to 
high income if a household possesses certain characteristics, and some of these 
strategies are facilitated by local farmland resources or location near urban centers.

The majority of rural households have limited feasible options and rely on 
income from migratory work and farming. Low education, and lack of village 
social  capital and collective action, are major constraints for most households. 
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Rural- urban development dynamics and institutional arrangements can also con-
strain rural livelihoods. In addition to the direct consequence of low agricultural 
income, the small farm size discourages farmer households from investing in agri-
culture. Nor can they easily alter traditional rice cultivation for higher-value crops 
because of the small production scale. The hukou system affected or affects not only 
the well-being of migrant workers in cities; coupled with the insecure rights for 
rental farmland inherent in informal short-term rental contracts, it discouraged or 
discourages land exchanges, further limiting the potential for rural households to 
raise their incomes through larger farming operations.

Rural livelihoods in the Poyang Lake area are not greatly affected by flooding 
due to large proportions of nonfarm income. Farmer household incomes are not 
associated with their flood risk. But the poor households  whose livelihoods are 
highly dependent on crop cultivation are most affected. Although current agricul-
tural practices appear sensitive to flooding, the degree to which the agricultural 
system is affected by flood hazards varies from village to village. Those villages with 
poor farmland face greater challenges for development. Their poor farmland limits 
agricultural output, and their agricultural production is also highly sensitive to 
flooding. Urbanization, in general, has a positive effect on improving rural liveli-
hoods and reducing flood impacts, especially for households with poor farmland 
and high flood risks.

To ensure that rural households benefit from urbanization, national policy needs 
to foster healthy rural-urban development dynamics, and it is vitally important to 
promote the simultaneous growth of the agricultural and industrial sectors. The slow 
growth of rural income and rural-urban gaps are more likely resolved gradually and 
steadily through the linked growth of both sectors: As the industrial sector grows, 
more rural labor will be employed in that sector and earn higher wages; households 
in the countryside can accordingly enlarge their farming operations, improving agri-
cultural income. The growth in nonfarm income and upscaling of farming opera-
tions in general will mitigate flood impacts on rural livelihoods in the PLR.

China’s recent policy developments, i.e., hukou reform that shifts toward resi-
dency registration systems in cities, the focus on developing urban clusters rather 
than large monocentric cities, the issuance of land-use rights certificates to farmer 
households and extensions of their land contract periods, and special supports for 
large farms, seem to be appropriate. These will likely contribute synergistically to 
healthy rural-urban development dynamics and shape urbanization and rural devel-
opment to produce positive outcomes.

Poverty reduction programs should aim at enhancing households’ capabilities 
and assisting them in developing diversified livelihoods. This would also reduce 
flood impacts on the livelihoods of poor households in the PLR. The Jiangxi gov-
ernment may provide additional assistance to households in villages with poor 
farmland resources and high flood risks in establishing secure urban livelihoods. In 
the high flood hazard zone more generally, the Jiangxi government may increase its 
efforts in researching and promoting alternative land uses and livelihoods that suit 
specific biophysical environments.

4.7 Conclusions
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Chapter 5
Exploring Future Rural Development 
in the Poyang Lake Region

Abstract An agent-based computer model is developed to explore the effects of 
different subsidy policies and resilience of rural development in the PLR. The model 
represents land-use and livelihood decision making of farmer households in three 
types of villages that have poor, average, and rich farmland. Household agents allo-
cate their labor between nonfarm and agricultural work, and make rice cropping 
choices. They also exchange farmland in a land rental market. Three policy sce-
narios are examined: subsidies to rice growers, subsidies to large farms, and subsi-
dies to households that rent out their farmland for the long term. The model 
experiments are not intended to make quantitative predictions but to aid our under-
standing about (1) the nature and potential effects of these policies across different 
villages at different stages of development, and (2) how rural development may be 
affected by economic and environmental shocks. I discuss how policy may need to 
differentiate across locations and adapt in the near future to effectively promote 
rural development amid social and environmental changes.

Keywords Subsidy policy • Rural development • Land rental markets • Agent- 
based modeling • Economic and environmental shocks • Resilience

5.1  Modeling Future Rural Development

5.1.1  Shaping the Future: Three Different Subsidy Policies

Recent agricultural policies in China target farmer households to improve agricul-
ture and rural income. These include cash subsidies to grain producing households, 
in effect since 2004, and subsidies to households that manage large farms, intro-
duced more recently. In this study I propose another subsidy to households that 
subcontract their farmland to other households for 20 years under a formal contract. 
Formulated from the empirical analysis of rural livelihoods in Chap. 4, this subsidy 
is expected to stimulate farmland rental markets, increase the scale of farming 

Part of the material from this chapter was published in Agricultural Systems (Tian et al. 2016).
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operations, and help secure use rights on rental farmland. It could also encourage 
migrant families that do well in cities to actually settle in cities and exit agriculture 
to facilitate other rural households specializing in agriculture. An agent-based 
model is developed to explore how these three subsidies might influence rural 
income and agriculture in three village types that reflect poor, average, and good 
farmland conditions, respectively—as nonfarm work wages rise.

5.1.2  Plausible Economic and Environmental Shocks 
and Resilience of Rural Development

Future rural development can be affected by social and environmental change. 
Severe floods cause the major environmental shocks  in the Poyang Lake area. A 
straightforward method for calculating the impacts of a worst-case flood scenario 
will be provided later in this chapter.

Social shocks, especially those associated with economic crisis or technological 
innovation in the industrial sector, can produce long-lasting and complex impacts 
on rural development. When the industrial sector experiences a crisis and slows, 
migrant workers are usually the first to lose their jobs. They can also be displaced 
when innovative technologies make the repetitive manual labor that is their niche 
obsolete. (According to a report by Bloomberg Businessweek on June 11 [2016], 
the impact of technology has already been observed in Dongguan, a highly devel-
oped rural industrial area in Guangdong.)

Economic crises or dramatic technological innovations essentially reduce the 
chances for migrant workers to find nonfarm work. The return of many migrant 
workers to the countryside can then produce rippling effects through interactions in 
the land rental market. It is difficult to calculate the effects of these changes directly; 
I use model experiments to explore how villages with poor, average, and good farm-
land resources might respond differently to economic shocks of varying severity.

5.2  Model Conceptualization: Entities, Interactions, 
and Feedbacks

The agent-based model simulates a village and represents typical village house-
holds whose members engage in some combination of migratory work and rice 
cultivation (Fig. 5.1). In other words, farmer households are agents in the model; 
each household agent makes individual decisions about how much labor it will 
spend in agricultural work and how much in migratory work. Household agents also 
allocate farmland for growing one-season and two-season rice. They exchange 
farmland in a land rental market and sometimes exchange information, such as land 
rental prices. They carry out their livelihoods to different degrees of success, mostly 
determined by the availability of labor, capacity for agricultural and migratory 
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work, and farmland endowments. Note that throughout this chapter, I use the term 
“household agents” when I refer to simulated households in the model.

Wages for migratory work and prices for rice are important factors affecting 
household decisions. They are treated as exogenous because an individual village 
that the model simulates have relatively little influence on average wages or prices. 
Two kinds of feedback between individual decisions and the global state of the sys-
tem are modeled. The first is that the decisions of household agents collectively 
determine total farmland demand in a village, which then affects land rental prices 
and subsequent decision making of household agents. The second is that the total 
farmland demand affects the farmland area each household agent can obtain, which 
then influences agricultural productivity and, ultimately, the decisions of household 
agents.

The model has several major assumptions. First, farmers in the model can always 
find migratory work at some wage if they want to work in cities. Second, household 
agents do not hire labor. Third, rice yields increase as the area of farmland a house-
hold agent manages increases. Fourth, input use of household agents is not affected 
by subsidies. Fifth, current grain subsidies are given based on actual planted areas 
with rice. Sixth, all farmland rental contracts involve payments. Among these 
assumptions, that household agents do not hire labor in the model is a deliberate 
choice. I discuss the rationale behind it, and how this assumption may affect model 
outcomes in the section on model limitations.

Household 
Decision Making

Labor on
Migratory

Work

Land Rental
Market 

Farmland
Demand

Wages for Migratory Work

Farming Income

Market Prices for Agricultural Products

Land Rental
Prices

Rice Output per Unit  Area

Farming
Scales

Rice Production 
Household Income

Flooding Impact

Fig. 5.1 Modeled system: Boundary, agents, interactions, and feedback (adapted from Tian et al. 
2016)
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The assumption that farmers in the model can always find migratory work at some 
wage is justified by the fact that most young and middle-aged villagers are doing 
migratory work, and by calibrating a household migratory work efficiency function 
(described in Sect. 5.4.3). The assumption that rice yields increase as the farm size 
increases can be largely justified by the specific context in which farmland is cur-
rently highly fragmented and the scale of farming is very small. As we observed in 
the field, when households manage large farmland, they usually put more effort into 
management, improve irrigation systems, and invest in machinery and other innova-
tions. A yield function for one- and two-season rice is calibrated separately to reflect 
yield increase as a result of these efforts and activities (described in Sect. 5.4.4).

Farmers do not seem to increase the use of fertilizers or pesticides because of 
grain subsidies, based on the interviews and field observations in the villages. Rice 
cultivation practices, including the types and amounts of fertilizers and pesticides 
used, are similar among households and across villages. A main difference is that 
farmers in farmland-rich villages put in more effort in agriculture than those in the 
other villages, but this is because they have larger, more fertile farmland, and rice 
cultivation generates larger returns. After all, the current grain subsidy is small, 
especially relative to nonfarm income, and probably does not provide sufficient 
incentive for farmers to increase input use.

Land rental relationships often take place between relatives and do not involve 
payments (Gao et al. 2012; Ma et al. 2015). There are also variations in the imple-
mentation of the grain subsidy policy; in some areas, subsidies are given based on 
historical grain production or contracted land areas instead of actual planted areas 
(Heerink et  al. 2006; Gale 2013; Huang et  al. 2013; Yi et  al. 2015). Additional 
experiments are conducted, to test how contracts between relatives, and grain subsi-
dies based on contracted land areas, may affect model outcomes. The experiment 
results are reported in Sect. 5.8 on robustness analysis.

5.3  Empirical Data Used in the Model

Empirical data obtained from surveys, interviews, and field observations in three 
villages are compiled and used to represent three types of villages: with poor (V1), 
average (V2), and rich (V3) farmland (Table 5.1). The purpose is not to use these 
data to fit the model or simulate these villages in detail, but to explore policy effects 
in different types of villages with respect to the biophysical environment.

The empirical data are also used for model validation purposes. I compare 
observed values of several outcome variables at the village level with model outputs, 
to test the model’s ability to generate differences between villages of differing farm-
land endowments. The important facts that guide the model validation are: (1) in V1 
and V2, there is a reduction in two-season rice, with households currently emphasiz-
ing one-season rice; in V3, there is no obvious change, and two-season rice still 
dominates; (2) the average land rental price compares as follows: V1 < V2 < V3; (3) 
the proportion of income from migratory work compares as follows: V1 > V2 > V3; 
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and (4) a small portion of farmland is left fallow in V1, while farmland is mostly 
cultivated in V2 and V3.

Additionally, the three villages represent different situations that are associated 
with different rice yields. These differences are used to calibrate the rice-yield func-
tions with increasing scales of farming operations. Further details on the use of 
empirical data for model validation and yield calibration can be found in the supple-
ment materials (Appendix: Tables 5.1 and 5.2).

5.4  Model Design and Implementation

In this section, I briefly describe some major components of the model. Further 
details on the implementation of these components can be found in Tian et  al. 
(2016). Some components in this basic model are modified for the policy scenario 
of subsidizing large farms, which I describe in Sect. 5.6.1. New components are also 
implemented in the model to represent economic shocks and explore the resilience 
of rural development, which are addressed in Sect. 5.7.2.

5.4.1  Agents: Farmer Households

Farmer household agents have initial endowments of wealth, labor, and farmland. 
They differ in their abilities with respect to migratory and agricultural work, social 
interaction, and cognition (Table 5.2). They know the costs and labor needed per 
unit area for rice cultivation, and the market price for rice. Each year they try to 
increase household income based on their past performance in migratory work and 
rice cultivation, as well as their experience with the land rental market. Details on 
the representation and implementation of household decision making can be found 
in the supplement materials (Appendix: Table 5.3).

5.4.2  Land Rental Market

The land rental market is implemented as a two-round exchange process. When the 
subsidy for a long-term contract is not an option, a household agent wanting to 
“sublease” more farmland for itself begins the process. It visits a number of ran-
domly chosen household agents, with the number specified by the model parameter 
NumHouseholdTrade (described in Table 5.3). If a targeted household agent does 
not have a good social relationship with the household agent seeking to sublease the 
land—and this chance is determined by the social capability of the initiating house-
hold agent—no contract is made. If the offered price is greater than asking price, the 
deal is done at the price offered. If the difference between the two prices is within 
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one-tenth of the farming income estimated by the household agent that wants to 
sublet, the deal is done at the average of the two prices. After the first round of 
exchange, if some household agents that wish to rent out their land still have farm-
land available for rent, they each randomly choose several other household agents 
with whom to negotiate rental contracts.

When the subsidy for long-term rental contracts is available, a household agent 
that hopes to sublease farmland to other agents for the long term begins the process 
first. This household agent visits five more households than it would visit for a 
single- year contract. If its asking price is lower than the offered price, the deal is 
done at the price asked. Otherwise, if the asking price is no more than 5% higher 
than the offered price, the deal is done at the average of the two prices. Then the 
household agents that intend to subcontract more farmland for themselves through 
long-term contracts, and whose needs have not been fully met, sample household 
agents looking to subcontract. After two rounds of exchange through long-term con-
tracts, the household agents update their remaining farmland demands. Those 
household agents whose needs for long-term rental are not met, and those house-
hold agents that have decided to sublease yearly, perform another two rounds of 
negotiation to make yearly contracts, as described in the previous paragraph.

5.4.3  Migratory Work Efficiency Function

An efficiency function (Fig. 5.2) is used to capture the different levels of labor qual-
ity for a household agent’s migratory work. This represents field observations that 
the first members from a household to enter the urban labor market are of the 

Fig. 5.2 Migratory work efficiency function (Tian et al. 2016)
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highest quality (e.g., young men and women with higher skills and/or education). 
With every increment of household labor spent on migratory work, the marginal 
economic return decreases because the quality of labor decreases (i.e., includes 
lower- skilled and less capable workers).

5.4.4  Rice Yield Functions

Rice yield per unit area is determined by several major factors: fertility of farmland, 
quality of the irrigation system, management efforts, and machinery usage and other 
technology. The forms of the rice-yield functions (Fig. 5.3) reflect the effects of 
changes in effort and capital investments as the area of farmland managed by a 
household agent increases. ∆1 reflects the increase in yield associated with increased 
efforts when the area of farmland managed by a household agent reaches 10 mu. ∆2 
reflects the increase in yield associated with the improvements in the irrigation sys-
tem when the area of farmland managed by a household agent reaches 30 mu. 
Observed yield differences in the three actual villages, which reflect their differ-
ences in farmland fertility, irrigation system condition, and management efforts, and 
other published information, are used to calibrate yield functions for three represen-
tative villages in the model.

Two-season Rice

One-season Rice

Farmland Area

Yield

Current
Yield

α1 = α2 = 2.5 for both one-season and two-season rice
∆1 = 25kg for one-season rice
∆1 = 50kg for two-season rice
∆2 = 25kg for one-season rice if the current irrigation condition is NOT good
∆2 = 150kg for two-season rice if the current irrigation condition is NOT good

a1

a2

D1

D2

30mu10mu

Fig. 5.3 Rice yields as a function of the area of farmland managed by a household agent (Tian 
et al. 2016)
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5.4.5  Major Model Parameters and Model Initialization

Several model parameters are designed to facilitate systematic model experiments 
(Table 5.3). Their default values are used unless specified otherwise in the model 
experiments. To initialize the model, at the beginning of each model run, 100 house-
hold agents are created to reflect approximately the average size of a natural village 
(i.e., the smallest level of social organization) in the Poyang Lake Region. Each 
household agent is assigned an initial amount of wealth, labor, farmland area, and 
capabilities, as described in Table 5.2. Household agents are first assigned an area 
of farmland that is proportional to household labor amount. This reflects the equal-
ity principle used when farmland was first contracted out to individual households 
in the late 1970s. But since then, there have been demographic changes and farm-
land areas are no longer equitably distributed. The land areas initially assigned in 
the model are adjusted by randomly reassigning either one-half, one-third, or one- 
quarter of the farmland from half of the household agents to other randomly selected 
households in the village.

5.5  Model Verification and Validation

The model is built on the .NET version of the Repast platform using C# program-
ming language. To ensure appropriate development of the model, a simple structure 
was implemented first, with more components gradually added. Many extreme 
cases were also used to test the program. The model was run interactively numerous 
times to inform the design of systematic experiments and the decisions on how to 
represent the state of the system.

To enhance the credibility of the model, validations at conceptual, micro, and 
macro levels have been addressed (Axtell and Epstein 1994; Robinson 1997; Grimm 
et al. 2005; Brown et al. 2008). The empirical analysis of household surveys and 
interviews offers important insights into the key elements and the dynamics of the 
system, and informs the design of the conceptual model. At the micro level, survey 
data are used to calibrate model parameters and initialize the model when applica-
ble, as just described. At the macro level, three exercises are carried out for formal 
validation, examining three different processes in the model, as described next. The 
results from all these model validation efforts suggest that the model captures the 
dynamics of the actual system reasonably well and are adequate to address the 
research questions.

The first validation exercise tested the model’s ability to reproduce differences 
among the three surveyed villages in several outcome variables, including average 
land rental price per unit area, percentage of nonfarm income, percentage of area 
planted with two-season rice, and percentage of cultivated area. The model 
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 experiments successfully generated those patterns in V1, V2, and V3, as described 
in Sect. 5.3 on empirical data. The second validation exercise tested the model’s 
ability to re-create historical land-use changes in the three surveyed villages. 
Comparing two scenarios in which nonfarm work is widely available and is limited, 
the model reproduced the conversion of two-season rice to one-season rice in V1 
and V2, and no changes in V3. The third exercise tested the behavior of the modeled 
land rental market. Model experiments were conducted to examine how modeled 
land rental prices respond to changes in total farmland area, yield of two-season 
rice, and migratory work wage. And the results show that the modeled market func-
tions as the microeconomic theory would suggest (see Varian 2002). Further details 
on validation experiments and results can be found in Tian et al. (2016).

5.6  Effects of Subsidy Policies at Different Stages 
of Development

5.6.1  Model Experiments for Exploring the Effects of Policies

The model looks at three policy scenarios: subsidies to rice growers, subsidies to 
large farms, and a proposed subsidy to households that subcontract their farmland 
to other households for 20 years. To explore the effects of these subsidies, the model 
is run for each type, ranging from 50 YUAN per mu to 600 YUAN per mu, with an 
increment of 25 YUAN per mu, under four levels of migratory work wages: 40 
YUAN per workday, 60 YUAN per workday, 80 YUAN per workday, and 100 
YUAN per workday. Currently, the average wage is 40 YUAN per workday, based 
on the survey data. The other scenarios represent 50%, 100%, and 150% increases 
in wages, which are plausible in the near future. Under the current grain-subsidy 
policy, farmer households receive 50 YUAN per mu for cultivating one-season rice 
and 100 YUAN per mu for two-season rice. Data on subsidies to large farms are not 
available from the survey.

Policy effects are examined in terms of changes in average household income, 
total rice production, and percentage of farming income that indicates potential 
flood impacts. The total costs associated with each subsidy policy are also consid-
ered and compared. Two additional state variables are used to examine farmland 
concentration and utilization: percentage of farmland managed by the top ten house-
hold agents and percentage of farmland planted with rice.

For each village, the model is run 200 times for each scenario of wage, subsidy 
type, and subsidy amount. Each model run includes 40 time steps divided into two 
20-step periods. The first 20-step period serves as the baseline for measuring the 
effects of a policy implemented in the second 20-step period. At the end of the first 
20 steps, the simulated system typically settles into a quasi-equilibrium, following 
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adjustments of household agents’ decisions and activities in the land rental 
market.

The values of all the state variables are recorded at each time step, and in the 
second period, the total cost (subsidy amount) is also recorded. The values of each 
of the state variables over the last five steps in each 20-step period are averaged for 
each model run. These represent the state of the system before and after the imple-
mentation of a subsidy policy and are compared to measure the effects of the policy. 
The variations of these state variables between model runs are also examined, and 
they are reasonably small (Appendix: Tables 5.4, 5.5 and 5.6).

Land rental contracts of large farms usually are not negotiated between individ-
ual households; they are often arranged at meetings that involve discussions of all 
farmer households in a village. It is difficult to simulate this process in the model, 
and a simulation is not necessary because it is the outcome—all the farmland in a 
village is rented out to one or very few households—that matters. Households in the 
village receive a rental fee for their farmland based on areas. The few households 
that receive use rights for farmland may not be from the same village.

The basic model is modified as follows to estimate household income in a village 
under the scenario of subsidizing large farms. Household agents do not negotiate in 
the land rental market. All household agents put their full labor in nonfarm work and 
become independent of rice cultivation. A household agent’s income is determined 
by its abilities for nonfarm work, according to the migratory work efficiency func-
tion. The model therefore becomes a microsimulation. The household income is 
estimated by averaging the last five steps of the first 20-step period.

Rice production in a village under the scenario of subsidizing large farms is esti-
mated using the following method. Because farmland becomes extremely concen-
trated under this scenario, rice production in each village is assumed to reach its full 
potential, i.e., all farmland is used for two-season rice. While this may overestimate 
rice production, it represents the optimal level of rice production in a village and is 
useful for examining the effects of other types of subsidies as well. Based on our 
field observations and a government report on emerging large farms (Jiangxi gov-
ernment 2014), large farms tend to plant two-season rice to make best use of farm-
land. The yield for two-season rice used for estimating total rice production in V1, 
V2, and V3, respectively, is 800 kg, 1000 kg, and 1200 kg, and these are estimated 
based on the biophysical conditions of farmland in the villages.

Total subsidies are estimated by multiplying the subsidy per unit area by the total 
farmland area of the village. Because the few households that receive use rights for 
farmland may not be from the same village, total subsidies are not included in total 
income of a village. This may slightly underestimate farmer income resulting from 
this policy. The farmland rental fee per unit area is estimated mostly based on the 
current average economic return from rice cultivation in a village and is slightly 
adjusted, considering the current rental fee and the potential productivity of  farmland 
in the village. The estimated rental fee in V1, V2, and V3, respectively, is 400 YUAN 
per mu, 800 YUAN per mu, and 1000 YUAN per mu.
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5.6.2  Future Development in Villages with Poor, Average, 
and Good Farmland

The three simulated villages share several patterns of projected development 
(Figs. 5.4, 5.5, and 5.6). First, as wages for nonfarm work increase, rice production 
in each village will decrease, and rice cultivation will eventually be discarded in V1 
and V2, without any policy intervention. Second, the average household income in 
each village rises with nonfarm work wages. Third, as wages increase, the propor-
tion of farming income will decrease, thereby reducing flood impacts on rural liveli-
hoods. These results from model experiments are in agreement with the understanding 
developed from the household analysis.

Surprisingly, rising wages do not naturally lead to farmland consolidation in the 
simulated villages. In V1, farmland becomes more widely distributed among house-
hold agents as wages rise. In V2, farmland first becomes slightly more concentrated 
as wages rise to 60 YUAN per workday, but then less concentrated as wages further 
increase. In V3, the degree of farmland concentration is low at the current wage 
level of 40 YUAN per workday and stays relatively stable at relatively low wage 
levels. It increases slightly as wages continue to rise, but eventually declines as 
wages further rise to 100 YUAN per workday. Farmland consolidation does not hap-
pen because when wages are sufficiently high, even larger farms in the model can-
not generate returns comparable to nonfarm work, and some farmland is consequently 
left uncultivated (Fig. 5.7).

These different trajectories of the simulated villages in farmland arrangement 
reflect their relative farmland profitability. Farmland in V1 is marginally productive, 
and its household agents already rely mostly on nonfarm work at the current wage 
level. They quickly drop rice cultivation as wages rise, and larger farms in V1 can-
not compete with nonfarm work, even at low wage levels. Farmland in V3 is highly 
productive, and most of its household agents find it more profitable to combine 
nonfarm work with rice cultivation. This leads to a low degree of farmland concen-
tration and full use of farmland. Farmland concentration in V3 remains low until 
wages rise to very high levels.

Farmland productivity in V2 is at an intermediate level, and the household agents 
respond to rising wages in a more complex way. As wages rise, at first most of the 
household agents find it more profitable to do more nonfarm work, with some 
household agents finding it more profitable to manage larger farms. This results in 
greater farmland concentration and near full use of farmland. But as wages further 
rise, those household agents that manage larger farms begin to find it more profit-
able to do nonfarm work, resulting in a proportion of farmland in the village left 
uncultivated. This suggests that at some wage levels, farmland in villages with 
 average farmland resources could become more concentrated and fully utilized, 
which, however, may not be a stable arrangement.

This result is relevant to agricultural development in some other Asian countries 
that have the same issues of small farm sizes. Farms are expected to become 
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Fig. 5.7 Farmland utilization rates in three simulated villages as wages for nonfarm work increase 
from 40 to 60, 80 and 100 YUAN per workday. (a) V1, (b) V2, and (c) V3. The horizontal axis 
represents subsidy amount in YUAN per mu. Data associated with these figures can be found in 
supplement materials (see Appendix: Tables 5.4, 5.5, and 5.6)
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 progressively larger, as per capita income rises and migrant workers leave agricul-
ture (Hazell and Rahman 2014). However, a decrease in farm size has been observed 
in some Asian countries, such as Thailand, the Philippines, and Indonesia, where 
massive socioeconomic transformations have occurred (FAO 1990, 2000, 2010). 
The small farm size may render Asia as a whole losing comparative advantages in 
agriculture in the world markets (Otsuka 2013; Otsuka et al. 2014).

The empirical household analysis in Chap. 4 shows that a range of factors can 
limit farm sizes in China. These model experiments expand our understanding by 
demonstrating the complex micro-level dynamics and macro-level outcomes as 
wages rise. Policy could play a role to influence the evolution of smallholder farms 
in the future (see also Rigg et al. 2016).

The differences in future development among the three simulated villages, again, 
mostly reflect their differences in economic returns from rice cultivation relative to 
nonfarm work. The farmland productivity decreases from V3 to V2 and V1. As wages 
rise in the future, economic returns from rice cultivation in V2 and V3 will decrease 
relative to nonfarm work. Without further policy intervention, what happens in V1 
now will likely happen in V2, and what happens in V2 now will likely happen in V3.

5.6.3  Policy Effects in Villages with Poor, Average, and Good 
Farmland

First, the impacts of all three subsidies on improving income across the simulated 
villages at all wage levels are small. Of interest, there is a noticeable decrease in 
average income in V1 as the subsidy to rice growers per unit area increases. This is 
because increasing the subsidy attracts more labor to rice cultivation and increases 
the competition for farmland among the household agents as well. Without subsi-
dies to rice growers, the household agents in V1 would spend more labor in nonfarm 
work and obtain higher incomes. Also, notice that subsidies to rice growers produce 
a perceptible and relatively larger increase in average income in V3 than the other 
villages. This is because the household agents in V3 receive large amounts of subsi-
dies, i.e., with high government costs.

Second, the policy effects on improving rice cultivation vary across the simu-
lated villages and at different levels of wages. Rental subsidies are in general most 
effective at relatively low wage levels, and become less effective, or even ineffec-
tive, at high wage levels. In contrast, the increase in rice production resulting from 
subsidies to rice growers is highly sensitive to the amount of subsidy, with a higher 
subsidy amount producing more rice.

There appears to be a maximum amount of rice that a village can produce under 
subsidies to rice growers at each wage level, referred to as “maximum rice amount.” 
This maximum rice amount results from farmland in a village being fully planted 
with rice. But because farmland is not all planted with two-season rice, it is consid-
erably less than the optimal level of rice production that may be achieved under 
subsidies to large farms. Subsidies to large farms can potentially optimize rice pro-
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duction in each village with a cost that is comparable to subsidies to the rice grow-
ers. The costs associated with rental subsidies are in general the lowest in each 
village and at all wage levels.

In V1, rental subsidies produce a large increase in rice production at the current 
wage level of 40 YUAN per workday with very little cost. This is because household 
agents in V1 find it more profitable to rent out their farmland for long terms, with 
even a small amount of rental subsidies. But as wages rise to 60 YUAN per workday 
and higher, even larger farms in V1 cannot produce income comparable to nonfarm 
work, and rice cultivation is largely abandoned. Consequently, rental subsidies 
become ineffective at affecting land exchanges.

In V2, rental subsidies also result in a relatively large improvement in rice produc-
tion at the current wage level with relatively little cost. At the wage level of 60 YUAN 
per workday, rental subsidies still produce a large effect on rice production in V2. 
However, subsidies to rice growers begin to outperform rental subsidies when the 
subsidy to rice growers rises to about 200 YUAN per mu and higher, with higher 
costs than rental subsidies. As wages rise further to 80 YUAN per workday and 
higher, rental subsidies become ineffective in V2. Then, it also needs a substantially 
large amount of subsidies to rice growers to achieve the maximum rice amount in V2.

In V3, both subsidies to rental contracts and rice growers produce no noticeable 
effects on rice production at the current wage level. This is because most household 
agents in V3 find it more profitable to combine nonfarm work and rice cultivation. 
They do not rent out their farmland, and farmland in V3 is fully utilized even with-
out subsidies. At the wage level of 60 YUAN per workday, rental subsidies produce 
a slightly better, but overall small, effect on improving rice cultivation than do sub-
sidies to rice growers. As wages rise to 80 YUAN per workday, subsidies to rice 
growers begin to outperform rental subsidies, but with much higher costs. Rental 
subsidies become ineffective in V3 as wages rise to 100 YUAN per workday, and it 
needs substantially large amounts of subsidies to rice growers to achieve the maxi-
mum rice amount in V3. 

Notice that the patterns of policy effects on rice production in V1 at lower wage 
levels are similar to those in V2 and V3 at higher wage levels. And the differences, 
again, largely reflect the differences among the villages in farmland profitability 
relative to nonfarm wages.

Third, subsidies to large farms lead to independence of farmer households from 
rice cultivation, thereby reducing flood impacts on rural livelihoods, except for the 
few large-farm holders. Both subsidies to rental contracts and rice growers can 
potentially increase flood impacts on rural livelihoods when they are effective at 
increasing rice production. Under policy scenarios of subsidizing rice growers and 
rental contracts, the proportion of farming income at the village level is mainly deter-
mined by wages and farmland productivity in a village.

In V3, the proportion of farming income is generally higher than V1 and V2, and 
can be quite high when the subsidy to rice growers per unit area is large. But because 
farmland-rich areas are usually protected by high-quality levees, flood impacts on 
rural livelihoods and agriculture in villages like V3 are generally low. Rental subsi-
dies slightly increase the dependence of rural livelihoods on agriculture at the current 
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wage level of 40 YUAN per workday in V1, and at 40 YUAN per workday and 60 
YUAN per workday in V2. Subsidies to rice growers in general increase dependence 
of farmer households on rice cultivation more than rental subsidies, and to a larger 
degree as the subsidy becomes larger. These differences in potential flood impacts 
resulting from subsidy policies need to be taken into account, particularly in villages 
like V1, because these villages are usually protected by low-quality levees.

Of note, the subsidy to rice growers produces a nonlinear effect on farming scales 
at higher wage levels while showing a negative effect on farmland consolidation at 
lower wage levels. Specifically, the subsidy to rice growers makes farmland more 
widely distributed among household agents, notably in V1 at the current wage level, 
and in V2 at the wage level of 60 YUAN per workday. This is because the subsidy 
to rice growers attracts more labor to rice cultivation at relatively low wage levels. 
The nonlinear effects on farming scales show at wage levels of 60, 80 and 100 
YUAN per workday in V1; at 80 and 100 YUAN per workday in V2; and at 100 
YUAN per workday in V3. During these periods, farmland first becomes more con-
centrated and then more widely distributed as the subsidy to rice growers per unit 
area increases.

At relatively high wage levels, under the subsidy to rice growers, household 
agents begin to pick up rice cultivation, and some household agents find it more 
profitable to manage larger farms. But as the subsidy further increases, most house-
hold agents find it profitable to include rice cultivation and decide not to rent out their 
farmland. Therefore, full utilization of farmland at relatively high wage levels under 
large subsidies to rice growers is achieved through rice cultivation by many individ-
ual household agents. This is not considered in general to be a desirable farmland 
arrangement because small farms tend to remain inefficient in the long run.

Another interesting pattern is that the subsidy to rental contracts shows a nonlin-
ear effect on rice production in V2 at the current wage level. As the rental subsidy 
increases, rice production in V2 first increases quickly but then slows down and 
levels off. This shows that household agents in V2 are sensitive to the size of the 
subsidy. The nonlinear pattern could be used to choose efficient subsidy size.

5.6.4  Differentiating Policy Interventions across Villages 
and Adaptive Policy

What do these modeling results mean for policy interventions in the Poyang Lake 
region? As demonstrated, future rural development and policy effects are likely to 
be different in different types of villages and at different stages of development. 
This suggests that differentiating policy interventions across villages is likely to 
produce better outcomes than will uniform policy interventions, and that adapting 
policy will be necessary.

The variations in future development and potential policy effects across the three 
types of villages largely reflect their differences in farmland profitability. As wages 
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for nonfarm work rise, relative economic returns from rice cultivation in V2 and V3 
will decrease, making their situations similar to the current situation in V1. And this 
will happen sooner in V2 than in V3. Therefore, differentiating policy interventions 
across the three villages is essentially not that different from adapting policy inter-
ventions at different stages of development.

First of all, farming can increase rural income to a limited degree, due to limited 
farmland and large rural populations. Urbanization will likely continue to play an 
important role in absorbing rural labor. As discussed in Chap. 4, it is important that 
policy considers the quantity and diversity of rural populations to guide urbaniza-
tion to the benefit of rural households. Development, migration, and land policies 
need to synergistically foster healthy rural-urban development dynamics and pro-
mote simultaneous growth of the agricultural and industrial sectors so that rural 
households can build robust livelihoods via different paths.

Second, it will become increasingly challenging to maintain grain production as 
nonfarm income continues to rise, and some forms of subsidies will likely be neces-
sary to promote agriculture. A decline of agriculture has also been observed in some 
other rural areas, especially in those areas with relatively high industrial develop-
ment (Liu et al. 2005; Deng et al. 2006; Lichtenberg and Ding 2008; Seto et al. 
2011). Besides rice production and costs, flood impacts should be taken into account 
when making policy choices in the PLR, especially for places with high flood risks.

Subsidies to large farms could produce best outcomes with regard to rice produc-
tion. However, when many households in a village still rely on farming to some 
extent, subsidizing large farms may not be effective and could increase inequality. 
Also, it would be more beneficial to all rural households if the degree of farmland 
concentration is in accord with the amount of rural labor employed in the urban sec-
tor. Farmland utilization can provide some clue as to when the timing may be right 
to implement this policy in different types of villages.

Based on the model experiments, farmland cultivation rate drops below 25% 
when wages rise to 60 YUAN per workday in V1, 80 YUAN per workday in V2, and 
100 YUAN per workday in V3. We may expect that the subsidy to large farms is 
likely to start taking effect first in villages with poor farmland, then in villages with 
average farmland, and finally in villages with rich farmland. However, the poor 
farmland in V1 is not attractive to rice growers unless it is changed to other uses, and 
the increase in rice production in V1 would be affected by flooding. Another new 
study with my colleagues at Jiangxi Normal University, Professor Lin Zheng and 
Dr. Shuhua Qi, shows that the large farms that emerged in the past few years in 
Jiangxi Province are mostly in areas with soils favorable for rice growing.

Subsidies to large farms may be more effective for villages with average farm-
land resources. Farmland in V2 is suitable for rice growing but is not fully planted 
with two-season rice, as in V3, for two reasons. First, the farmland area per house-
hold is smaller in V2 than in V3. Second, the collective irrigation system has stopped 
working in V2, whereas the irrigation system in V3 is well maintained and function-
ing with assistance from the township government. If farmland in V2 is consoli-
dated, it will be worth investing in irrigation systems, which will help realize 
farmland’s full potential.

5.6  Effects of Subsidy Policies at Different Stages of Development
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Demographic changes can affect the effectiveness of subsidies to large farms. As 
their children are attending college and settling in cities, middle-aged farmers begin 
to see that rice cultivation, which costs labor and involves hard work, is no longer 
essential for their livelihoods. If they are given a rental fee comparable to what their 
farmland can produce, many of them are willing to consider giving up farming. 
Based on conversations with college students at Jiangxi Normal University who are 
from different villages in the PLR, this happened in some villages where farmer 
households collectively decided to rent out their farmland. Therefore, the policy of 
subsidizing large farms can start taking effect now in some villages, though it will 
probably become more widely effective as nonfarm wages rise.

The proposed rental subsidy policy, with the least costs, could be an appropriate 
choice for villages with poor or average farmland resources when nonfarm wages 
are relatively low. In villages like V2 with average farmland, household decisions 
are sensitive to the amount of rental subsidies. Subsidizing households that subcon-
tract their farmland to others for long terms could effectively stimulate land rental 
markets, and the subsidy amount could be chosen to achieve highest efficiency. The 
subsidy amount could also be adjusted as development advances such that the 
degree of farmland concentration is in accord with the amount of rural labor 
employed in the industrial sector  to facilitate healthy rural-urban dynamics.

In villages with poor farmland like V1, the rental subsidy policy could also 
address the issue of inequality in natural resources. Because farmland is marginally 
productive in these villages, land rental prices are relatively low. Farmer households 
that intend to specialize in agriculture can rent in large areas at relatively low costs. 
This compensates their poor natural resources to some degree. Additionally, most 
farmer households in these villages already rely largely on migratory work for their 
livelihoods. If they receive subsidies for subleasing their farmland to other house-
holds under long-term contracts, they will be more willing to sign such contracts; 
and this also makes it easier for those households that intend to specialize in agri-
culture to acquire large farmland areas. Once consolidated, the marginal farmland 
may be used in other ways to increase land profitability and reduce flood impacts. 
The subsidies the renters receive can help improve their urban livelihoods. Thus, 
every farmer household can improve its situation. There are a variety of arrange-
ments that can be made with rental subsidies to further address farmland inequality 
among villages (Tian et al. 2016).

Subsidizing rice growers does not seem to be a good policy choice, considering 
its economic performance. It appears to have very limited positive effects, even with 
undesirable outcomes, and would involve substantially large costs to be effective at 
improving rice production. Particularly in villages with poor farmland it may make 
farmland more decentralized and lead to a reduction in total income. Households in 
these villages receive much lower subsidies than those in farmland-rich villages, 
further increasing inequality in natural resources and levee systems. Its effects are 
also immediate and lack the potential for continuous growth (Tian et al. 2016).

However, our interviews show that the subsidies to rice growers makes farmer 
households feel that the government cares about them, and thus have a positive 
social effect. And farmland-rich villages like V3 produce much more rice than 
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farmland- poor villages like V1. The social effect and the large rice production in 
farmland-rich villages may justify subsidies to rice growers. The issue of inequality 
could be mitigated by other policy interventions, such as facilitating and assisting 
households in farmland-poor villages to develop secure urban-based livelihoods, 
and through the proposed rental subsidies.

It will probably not be a good idea to increase the amount of subsidies to rice 
growers to promote agriculture, for two reasons. At lower wage levels, rental subsi-
dies could produce larger positive effects than would subsidies to rice growers, and 
with much lower costs. At higher wage levels, subsidies to large farms could pro-
duce larger positive effects than subsidies to rice growers, with similar costs. Some 
economists also agree that despite significant increases in agricultural subsidies, 
these subsidies in general have limited impacts on increasing agricultural outputs, 
due to influences of nonfarm income (Gale et al. 2005; Heerink et al. 2006; Huang 
et al. 2011; Gale 2013). Subsidies to rice growers could also produce complex out-
comes on farmland arrangements at relatively high wage levels and might have 
unintended consequences on farmland consolidation.

Third, the insight generated from the model experiments—that rising wages for 
nonfarm work may not naturally lead to farmland consolidation and, consequently, 
improved land-use efficiency—can have policy implications. There appears to be a 
critical period during which rising wages can help farmland consolidation in most 
villages. But that outcome of increased farmland concentration may not be a stable 
arrangement, unless luck has it that the critical period coincides with the genera-
tional transition. Policy could ride that momentum to push farmland consolidation 
through. Promoting long-term legal rental contracts would be helpful for stabilizing 
the farmland arrangement. Migration policy that facilitates farmer households that 
do well in cities to settle there permanently could also play an important role. 
Subsidies to households managing large farms could further enlarge scales of farm-
ing operations.

5.7  Resilience of Rural Development

5.7.1  Potential Effects of Severe Floods

The impacts of severe floods in the worst scenario can be estimated as follows: Rice 
production would be totally lost, and the amounts would total 89,170 kg in V1, 
344,264 kg in V2, and 1,065,479 kg in V3 (Table 5.4). Income would be reduced, 
and the reduction of average household income would total 931 YUAN in V1, 4,252 
YUAN in V2, and 13,133 YUAN in V3 (Table  5.4). V1 would most likely be 
affected, due to poor levee protection. However, farming income is only about 5% 
of income in V1, and rice production in V1 is only about 6% of what is produced in 
V2 and V3 together. Therefore, the loss in income would not be felt strongly by 
farmer households in villages like V1, and the reduction in rice output in these vil-
lages would not be significant for overall food production in the region. The loss in 
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income could be felt by households in V2 and V3 because about 20% and 50%, 
respectively, of income is from rice cultivation. However, the negative effects of 
severe flooding on income would likely be for just one year in all villages. Following 
a severe flood, more farmers would probably seek nonfarm work in cities, as hap-
pened after the massive 1998 flood.

Agriculture could be affected by severe floods longer because farmers might give 
up rice cultivation in the following years, fearing that floods will recur. Rice produc-
tion in V3 could be affected the most, but the chance that this worst-case scenario 
happens in V3 is relatively small. Not only are important agricultural centers in the 
region protected by high-quality levees, the government also puts significant effort 
into strengthening these important levees when severe floods occur. Overall, the 
major impact of severe floods would be a reduction in agricultural production in 
farmland- rich areas, which could last for more than one year, but with a relatively 
small chance. In general, rural development is likely to bounce back in relatively 
short terms.

5.7.2  Modeling Potential Effects of Economic Shocks

A shock with a certain degree of severity, defined by duration and probability of 
finding nonfarm work, is introduced to the model at the 21st time step, after the 
simulated system settles into a quasi-equilibrium (Fig. 5.8). The model is run for 
200 times under a slight shock, a moderate shock, and a severe shock, respectively, 
for each type of villages. Each time, the model runs for 20 more steps following the 
introduction of the shock to explore the effects of the shock. Current subsidies to 
rice growers and the current wage level of 40 YUAN per day are used in these 
experiments.

The same state variables for exploring policy effects are recorded for each time 
step. Additionally, average farmland rental price is recorded because economic 
shocks most likely create ripping effects through household interactions in the land 
rental market. The values of all state variables from 200 runs are averaged for each 
time step to represent typical responses of a village to a shock. Their variations 
between model runs for each village are also examined and are reasonably small 
(Appendix: Tables 5.7, 5.8, and 5.9).

Table 5.4 Worst effects caused by severe floods

Village
Loss in total rice 
production (kg)

Reduction in 
household income 
(YUAN)

Percentage of 
reduction in 
income (%) Likelihood

V1 89,170 931 4.92 Very high
V2 344,264 4252 21.29 Low to medium
V3 1,065,479 13,133 53.85 Very low
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5.7.3  Rural Development under Economic Shocks

The three simulated villages respond to economic shocks in several similar ways. 
Following an economic shock, average household incomes drop immediately, and 
dependence on farming increases simultaneously (Figs. 5.9, 5.10, and 5.11). Other 
variables representing the state of the agricultural system, i.e., rice production, 
farmland concentration, and farmland utilization, also change, but their changes are 
not as dramatic as the change in income. The agricultural system in each simulated 
village shows a series of adjustments as household agents make adjustments, which 
cause fluctuations on the land rental market.

The average rental prices rise significantly, but this occurs later than the drop of 
income, and prices also recover more slowly. The average rental price in each vil-
lage peaks several time steps after the probability for finding nonfarm work already 
bounces back to 100%. It takes almost twice as long as the duration of a shock for 
the average rental price to bounce back to the normal range. Consequently, it takes 
quite some steps (years) for all aspects of the agricultural system to recover, although 
the system does eventually recover. Among all aspects of the agricultural system, 
farmland concentration is relatively quick to respond to shocks, as household agents 
each begin to cultivate more farmland immediately after a shock kicks in.

There are some notable differences in villages’ responses to economic shocks. 
Income drops and the percentage of farming income increases at much higher rates 
in V1 than in V2 and V3 under any shocks (Table 5.5; Fig. 5.12). This is expected 
because household agents in V1 rely heavily on nonfarm work. The significant 
reduction in income and an increase in dependence on agriculture could render 

Fig. 5.8 Three scenarios of economic shocks, introduced at the 21st time step in the model, rep-
resented by changes in probability of finding nonfarm work following a shock
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households in V1 helpless if a severe flood happens during the same period. The 
rates of change in income and percentage of farming in V3 are the smallest among 
the three villages, also as expected. The amounts of change in V3 are also relatively 
small and are probably not felt significantly by the village households. These differ-
ences suggest a cushioning effect of farmland resources in times of economic 
difficulty.

How the agricultural system responds to shocks differs in the three simulated 
villages, depending also on the severity of shocks. The magnitude of adjustments in 
the agricultural system in V1 overall appears larger than in V2 and V3 (Figs. 5.9, 
5.10, and 5.11). The average land rental price in V2, however, increases more 
 significantly under severe shocks than in  V1 and V3 (Fig.  5.12; Table  5.5). 

Fig. 5.9 Responses to economic shocks in V1. Data associated with these figures can be found in 
supplement materials (Appendix: Table 5.7). (a) Average household income in 1000 YUAN. (b) 
Percentage of farming income. (c) Average rental price in YUAN per mu. (d) Total rice production 
in 1000 kg. (e) Farmland utilization rate. (f) Farmland concentration
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This again reflects the fact that farmland in V2 has an intermediate level of produc-
tivity, and the land rental market in V2 is sensitive to external influences.

In general, the degree of farmland concentration decreases and then increases in 
all villages after a shock starts. Of note, there is a period in which farmland concen-
tration goes beyond the normal range before finally falling back to the normal range 
in V2 and V3. This is because household agents have no complete, precise informa-
tion about the future, and their adjustments are trials and errors, causing ripping 
effects through interactions in the land rental market.

Farmland concentration in V1 bounces back to the normal range under a slight 
shock; but under more severe shocks, it drops again, following an initial rise, before it 
finally recovers. This suggests that farmland arrangements in V1 may be relatively 

Fig. 5.10 Responses to economic shocks in V2. Data associated with these figures can be found 
in supplement materials (Appendix: Table 5.8). (a) Average household income in 1000 YUAN. (b) 
Percentage of farming income. (c) Average rental price in YUAN per mu. (d) Total rice production 
in 1000 kg. (e) Farmland utilization rate. (f) Farmland concentration
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easy to restore under slight shocks because household agents quickly pick up nonfarm 
work as the economic situation begins to improve. However, longer durations of 
severe shocks could make their quick adjustments ineffective, and they might have to 
go back to farming in the middle of the recovery.

The changes in rice production, which is closely related to the cultivation rate, 
show different patterns in V1 than in V2 and V3. Rice production in V2 and V3 does 
not change much immediately following a shock because their farmland is almost 
fully planted with rice before the shock. But later rice production in V2 and V3 
experiences a slight decrease as a consequence of the decline in farmland concentra-
tion. Rice production in V1 increases immediately following the shocks because 
household agents each pick up more rice cultivation. But later rice production in V1 
drops significantly as they pick up more nonfarm work again and farmland cultivate 
rate decreases.

Fig. 5.11 Responses to economic shocks in V3. Data associated with these figures can be found 
in supplement materials (Appendix: Table 5.9). (a) Average household income in 1000 YUAN. (b) 
Percentage of farming income. (c) Average rental price in YUAN per mu. (d) Average rental price 
in YUAN per mu. (e) Farmland utilization rate. (f) Farmland concentration
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5.7.4  Enhancing Resilience amid Social and Environmental 
Changes

The policy recommendations for improving rural development in Chaps. 3 and 4, 
and in this chapter, could also enhance the resilience of rural development. In vil-
lages with poor farmland resources, where the impacts of economic shocks are 
likely to be felt the most, those same policy recommendations that aim to assist 
farmer households in securing urban-based livelihoods could also reduce the 
impacts from economic shocks. Strengthening the levee system in important agri-
cultural areas, where severe floods could cause a significant reduction in rice pro-
duction, would minimize the chance for an occurrence of this worst-case scenario. 
Household decisions in villages with average farmland are sensitive to external 
influences, and policy can effectively stimulate land rental markets to further farm-
land consolidation. This would increase agricultural production and improve rural 
income in these villages. As their farmland becomes consolidated, it will become 
necessary to improve the levee and irrigation systems to mitigate potential flood 
impacts and promote agriculture.

Healthy macro  development dynamics are important not only for improving 
rural livelihoods but also for enhancing the  resilience of rural development. 
Technological advances are inevitable, and significant structural changes in the 
industrial sector could have impacts beyond rural households—they could affect the 
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Fig. 5.12 Severity of economic shocks and impacts in three simulated villages. The first group of 
lines represent average household income, the second group percentage of farming income, and 
the third group average rental price
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resilience of the whole economy if the structural changes lead to a great mismatch 
between the quality of labor and the demand of the industrial sector.

The development history of the western world shows that great depressions and 
recessions seem to have involved significant sectoral changes that are often a conse-
quence of significant technological changes. Depressions and recessions may have 
started with crises in the financial or some other markets, but the impacts might have 
been contained had there been no significant sectoral changes that put considerable 
numbers of people out of work, greatly reducing overall consumption (housing 
included) and causing ripples across the entire economy for a lengthy period.

The rise of any new technology is likely to cause over-investments due to incom-
plete information and uncertainty, naturally creating some bubbles. The bursting of 
these bubbles can serve the purpose to filter out inefficient firms, not unlike natural 
selection, and may be a necessary part of economic development. This likely affects 
a relatively small number of firms and workers, with harm limited to a relatively 
small scope of the economy. Often the rise of a new technology also causes specula-
tions in the financial markets. These speculations further inflate the “natural” bub-
bles, and bring more damage to the economy when the bubbles burst. Still, if the 
new technology does not result in significant structural changes in the industrial 
sector, the damage may not be devastating as a recession/depression.

The Great Depression in the 1920s, the dot-com bubble in the 1990s, and the 
great recession in the late 2000s are examples that illustrate these mechanisms and 
differences. The Great Depression involved a structural shift from agriculture to 
industrial development, and an industrial revolution of large-scale production. The 
dot-com bubble involved the rise of the high-tech industry; and the great recession 
may be seen as a broader manifestation of deepened impacts of the high-tech revo-
lution on the whole economy. In fact, the impacts of the great recession in the late 
2000s are still felt, and could deepen, because a relatively large segment of workers 
lost jobs, and those jobs are not very likely to come back amid globalization and the 
widening adoption of automated technologies.

Thus whether significant sectoral changes are involved may mark the difference 
between a recession/depression, and a crisis that is more associated with financial 
speculations on a rising new technology. The magnitude of structural changes and, 
consequently, the numbers of people affected may be key factors distinguishing a 
depression and a recession. There may be a threshold for the number of workers 
affected by structural changes that, once crossed, may lead to a phase transition. 
Further empirical work and modeling are needed and may indeed illustrate such 
processes. The Great Depression is relevant to development in China now, and may 
provide some lessons. If significant sectoral changes happen while a develop-
ing economy is in transition to a developed one, and rural-urban gaps are still large, 
the impacts could be dramatic. Developing and expanding various service industries 
could mitigate such potential impacts.
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5.8  Robustness Analysis

To test how rental contracts between relatives affect the inferences on policy effects, 
a new model parameter, Pct Contracts without Payment, is introduced to repre-
sent  the percentage of household agents that rent in farmland but do not pay for 
rental farmland. Its potential values range from 0 to 100%, with an increment of 
10%. To examine how specific implementations of the grain subsidy policy may 
affect policy inferences, an alternative scenario under which grain subsidies are 
given based on contracted farmland areas—and which therefore do not affect plant-
ing decisions of farmers—is explored. These robustness analyses enhance our 
understanding of policy effects, but do not qualitatively alter the inferences on pol-
icy effects (Tian et al. 2016).

5.9  Limitations of the Model

A major limitation of the model is that it underestimates rural income in general. 
The model only includes major economic activities of rice cultivation and migratory 
work, excluding other activities, such as animal husbandry, cotton and vegetable 
production, and business. And it only examines direct payments to farmer house-
holds and does not include other types of subsidies, such as machine subsidies and 
price support. Additionally, as farming operations become larger, and as farmer 
households are assured of their long-term land-use rights, new and more profitable 
land-use practices will become feasible and can generate higher economic returns. 
This should further improve the agricultural system, especially in places with poor 
farmland resources.

Second, the way farmer households decide to sublease farmland for the long 
term in the model is not based on empirical data. Additional research is needed to 
investigate the conditions under which farmer households are willing to sign long- 
term contracts. Third, market prices for rice in the model remain constant. While 
China’s price support policy helps stabilize prices for major agricultural products, 
future market prices for rice will likely change. Further modeling work is needed to 
explore how changes in rice price will increase uncertainty of rice production and 
interact with rising nonfarm wages to affect agriculture. This will generate more 
useful insights for promoting agriculture as wages increase, and may identify robust 
policy that produces satisfactory results across plausible scenarios.

Finally, the assumption that household agents do not hire labor can affect model 
outcomes. When farming operations grow, it is necessary to use hired labor, and 
large farms do hire laborers for commercial rice production. Allowing labor hiring 
would not change the inference that raising rural income will depend largely on 
nonfarm employments, because only few households’ incomes would be improved. 
Allowing labor hiring would most likely intensify farmland concentration and 
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 consequently rice production. To the extreme, it would lead to the same maximum 
degree of farmland concentration as subsidizing large farms.

Under the policy scenario of subsidizing rice growers, the potential effect of 
labor hiring could be counterbalanced because most farmer households would be 
less willing to sublease their farmland to other households when receiving subsidies 
for growing rice. Under the policy scenario of subsidizing rental contracts, the 
potential effect of labor hiring could be enhanced, but the advantages of subsidizing 
rental contracts lie at lower wage levels. And at lower wage levels, it would better 
benefit all rural households to avoid extreme farmland concentration. The govern-
ment may place some regulations to guide healthy labor hiring practices so that 
farmland concentration increases according to growth of the industrial sector and 
the amount of rural labor employed in that sector. As wages for nonfarm work rise, 
when most households in a village would no longer care about farming, subsidizing 
large farms would become an obviously better policy than subsidizing rental con-
tracts. Therefore, allowing labor hiring in the model would not alter policy 
recommendations.

5.10  Conclusions

The model experiments in this chapter expand our understandings about rural devel-
opment in the Poyang Lake area. They allow us to better understand the nature and 
potential effects of three subsidy policies on increasing rural income, promoting 
agriculture, and mitigating flood impacts, and particularly how these effects may 
change as wages for nonfarm work rise, and differ in villages with different farm-
land endowments. The experiments also demonstrate some of the possible impacts 
from economic and environmental shocks, and further illustrate the connections 
between rural and urban development. Overall, they provide useful insights about 
how policy may need to vary across local contexts and adapt at different stages of 
development to increase the well-being of rural households and promote agriculture 
amid social and environmental changes.

Agreeing with and enhancing the empirical analysis in Chap. 4, rural develop-
ment in the PLR, and in China more generally, is closely linked to urban develop-
ment. There is a limit on the degree to which farming can increase rural income, and 
raising rural income will depend largely on increasing nonfarm income. Urbanization 
will likely continue to play an important role in creating nonfarm work opportuni-
ties for rural households. Let us repeat here: It is important that policy interventions 
consider the quantity and the diversity in labor quality of rural populations to pro-
mote healthy urban-urban development dynamics and guide urbanization to benefit 
rural households.

Rising nonfarm income in the future may not naturally lead to farmland consoli-
dation or consequently improved land-use efficiency—it can actually create 
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 challenges for agriculture. Farmland-rich villages contribute to rice production sig-
nificantly more than do other villages and therefore are extremely important for 
food security. The good news is that intensive rice cultivation in farmland-rich areas 
will likely continue in the near future. Villages with average farmland resources are 
critical for increasing food production because their farmland potential is not fully 
realized yet, and household decisions can be influenced by policy incentives. At 
relatively low wage levels,  subsidies could be given to households that sublease 
farmland to others to stimulate land rental markets in these villages. This rental 
subsidy policy would involve relatively low costs. Furthermore, the subsidy amount 
could be chosen to optimize current economic efficiency, or more usefully, be 
adjusted as development advances such that the degree of farmland concentration is 
in accord with the amount of rural labor employed in the industrial sector.

Subsidizing households managing large farms can  achieve best outcomes in 
rice production and will likely become more effective as wages rise in the future. As 
young generations from rural areas are getting college education and settling in cit-
ies, their parents may no longer look at farming essential for their livelihoods. This 
generational transition facilitates growth of large farms and enhances the effective-
ness of subsidies to large farms. Subsidies to rice growers, by contrast, are not effec-
tive in general, and may not be a good policy choice in the long run. But these 
subsidies are received broadly by rural households and make rural households feel 
that the government cares about them. This social effect of the grain subsidy pol-
icy is worth of consideration.

Many households in villages with poor farmland might become better off seek-
ing urban-based livelihoods. Their livelihoods already rely largely on nonfarm 
activities; subsidizing households that sublease farmland to others for the long term 
could  effectively facilitate farmland consolidation with low costs.  Once consoli-
dated, the marginal farmland could be used for alternative purposes to improve land 
productivity while reducing flood impacts. Such rental subsidies could also mitigate 
the issue of inequality in farmland resources for these villages and make every 
household in these villages grow economically more secure.

While severe floods could affect rice production in important agricultural areas 
for more than one year, the chance of this is relatively small. Economic shocks, such 
as economic crises, or dramatic technological changes in the industrial sector, espe-
cially if they lead to significant job losses for migrant workers, could produce 
more complex dynamics in rural development. Villages with poor farmland would 
be significantly affected by economic shocks; farmer income would be reduced to a 
very low level, and households could become extremely vulnerable to floods. Severe 
economic shocks would likely produce relatively large impacts on the dynamics of 
the land rental market in villages with average farmland. In all villages, the recovery 
of the agricultural system may not be fast or straightforward. The policy recommen-
dations for improving rural development in general could also mitigate the potential 
impacts from economic and environmental shocks, enhancing the resilience of rural 
development in the PLR.
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Chapter 6
Sustainability of Human-Environment 
Systems

Abstract This chapter summarizes the findings from the study of rural develop-
ment in the Poyang Lake Region and discusses their possible implications on sus-
tainable development for other less developed rural areas. It also provides a more 
general framework for analyzing global sustainability.

Keywords Sustainable development • Vulnerability • Climate adaptation • 
Complexity science • Multiple research methods • Local and global sustainability

6.1  Sustainable Development in the Poyang Lake Region

6.1.1  Major Findings from the Study

This study has identified some of the complex processes that affect rural develop-
ment in the Poyang Lake Region amid flood hazards. Rural households in the PLR 
are trying to improve their livelihoods in an increasingly urbanized and free-market 
economy that defines the broader development context of China. They have devel-
oped different livelihood strategies and have carried them out with varying degrees 
of success.

The variations in livelihood profiles and outcomes result by and large from the 
interactions between household characteristics (human and social capital, chiefly), 
and local social and environmental factors (particularly the availability and quality 
of farmland, a village’s proximity to urban centers, and its social capital). Most 
households have few feasible employment options and rely on migratory work and 
rice cultivation as their major income sources. Certain household and village char-
acteristics—notably, low education levels, and lack of village social capital and 
collective action—constrain their livelihoods.

Rural-urban development dynamics and institutional arrangements  also affect 
rural livelihoods in important ways. While the small scale of farming operations 
constrains land-use possibilities and has a negative effect on agricultural produc-
tion as well, the hukou system and insecure rights for rental land inherent in infor-
mal short-term rental contracts discourage farmland exchanges, further limiting the 
potential to raise farming income. Farm size is a potential lever of government 
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 policy; enlarging farming operations could significantly increase agricultural pro-
duction, and improve rural livelihoods for some households. Raising rural income, 
however, will largely depend on increasing nonfarm income; farming can only 
improve rural incomes to a limited degree, even when all farmland is fully and most 
efficiently utilized.

Floods have considerable impacts on the region’s overall development; however, 
variations in development at the household, village, and township levels do not cor-
relate with flood risk. The livelihoods of most rural households in the PLR are not 
greatly affected by flooding because a large proportion of their income comes from 
nonfarm sources. But poor households are most affected since their livelihoods rely 
primarily on rice cultivation.

Although current agricultural practices appear sensitive to flooding, the degree 
of sensitivity—how severely their farming can be affected—varies across villages. 
Those with good, rich farmland are major rice production centers, generally pro-
tected by high-quality levees built and maintained by the government, and the sen-
sitivity of their agricultural production is low. The agricultural system in areas 
where farmland is scarce and the soil is poor is highly sensitive to flooding because 
the levees there are often built by local people. The villages in these areas have 
greater development disadvantages and, under current policy, receive much lower 
subsidies for rice cultivation than do other villages.

At the township level (one level below counties and above villages), exposure 
and sensitivity to flooding are strongly correlated, with both increasing with prox-
imity to the lake. Human development in a township is mostly associated with the 
degree of urbanization and distance to urban centers. There are large variations in 
these three dimensions of well-being among the 298 townships in the PLR.

Both severe floods and economic shocks can affect future rural development in 
the region. The greatest impacts of severe floods would be in reductions of rice 
production in the important agricultural centers, likely to last for multiple years. But 
the chances for a worst-case scenario are relatively small since these areas are pro-
tected by well-built levees. Rural development is thus likely to be resilient in the 
aftermath of severe flooding.

Economic shocks, such as dramatic technological changes or downturns in the 
industrial sectors, could produce more complex and longer lasting effects. Under 
these scenarios, the agricultural system could experience a series of adjustments as 
migrant workers return to the countryside, and recovery may be neither straightfor-
ward nor rapid.

Overall, villages with poor farmland resources would be significantly and more 
profoundly affected by economic shocks: farmer incomes would drop to very low 
levels, and farmer households could become extremely vulnerable to flooding. 
Economic shocks would also increase competition in the land rental markets, rais-
ing prices in all villages; severe economic shocks may produce relatively large 
effects on the dynamics of the land rental market in villages with average farmland 
resources.
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6.1.2  Implications for Future Development and Policy 
Recommendations

These insights lead to some policy recommendations for national and regional gov-
ernments. To promote rural development effectively, the central government must 
place the well-being of rural households at the center of its development policy, and 
guide urbanization for the benefit of rural households. There are multiple paths for 
rural households to develop successful livelihoods: focusing on urban work, spe-
cializing in agriculture, or maintaining mixed rural and urban livelihoods. These 
paths are all important, given the large rural population in China and its diversity in 
labor quality.

It is particularly important to promote simultaneous growth of agricultural and 
industrial sectors: As the industrial sector grows, more rural labor will be trans-
ferred from the agricultural sector, and households in the countryside can then 
enlarge their farming operations, improving agricultural income. Development, 
migration, and land policies need to foster such healthy rural-urban development 
dynamics synergistically throughout the course of urbanization.

While continuing to promote the development of the industrial sector in a way 
that facilitates the transfer of rural labor to the urban sector, the government could 
implement appropriate migration policies to encourage migrant workers who thrive 
in cities to settle there and exit agriculture. In the agriculture sector, it is important 
that the government continues its efforts in farmland consolidation, and ensures that 
concentration of farmland is in proportion with the amount of rural labor employed 
in the urban sector. The government could also promote local industrialization in 
rural areas, especially around smaller cities, to facilitate near-farm, high-return live-
lihood options for farmer households. Local industrialization may focus on activi-
ties that suit and take advantage of the natural environment, and integrate agriculture 
and local culture as well. This can help mitigate many issues associated with large- 
scale rural migration to large cities.

China’s recent policy developments, i.e., the hukou reform that shifts toward 
residency registration systems in cities, the focus on development of urban clusters 
rather than large monocentric cities, issuance of land-use rights certificates to farmer 
households and extensions of their land contract periods, and special supports for 
large farms, seem to be appropriate and will likely contribute to healthy rural-urban 
development dynamics.

Yet as wages for nonfarm work rise, farmers will put more labor and effort in 
urban work, and this can have negative impacts on agriculture. The model experi-
ments and experiences in some other Asian countries suggest that rising nonfarm 
income may not naturally lead to farmland consolidation and high land-use effi-
ciency. Providing special supports to large farms is timely. As younger generations 
from rural areas attend college and settle in cities, many of their parents are willing 
to consider giving up farming. This facilitates the growth of large farms. The sup-
ports to large farms will likely become more important for promoting agriculture 
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and produce wider effects as wages for nonfarm work become higher and more rural 
households focus on urban work.

The government could also subsidize farmer households that rent out their farm-
land long term under formal contracts before nonfarm work wages rise significantly. 
This alternative policy would involve relatively low costs and could encourage 
farmer households that do well in the cities to permanently settle there. The govern-
ment could even adjust the subsidy amount as urbanization deepens to keep the pace 
of farmland consolidation synchronized with the transfer of rural labor to the indus-
trial sector. This would also improve agricultural production in villages with aver-
age farmland resources, where farmland potential is not yet fully realized.

The current policy of subsidizing rice growers is generally not effective with all 
outcomes considered, and may not be a good policy choice in the long run. But 
these subsidies are broadly received by rural households and make farmers feel that 
the government cares about their welfare. This social effect is worth taking into 
consideration.

Development programs in the PLR could combine flood-mitigation efforts in 
various ways to promote the well-being of rural households. Facilitating rural 
households to develop robust livelihoods via different paths would raise rural 
income and enhance their ability to cope with flood impacts. Consolidation of farm-
land would make feasible those alternative agricultural practices that reduce flood 
impacts and improve land profitability. Poverty reduction programs should aim to 
develop the capabilities of poor households and help them build diversified liveli-
hoods. This would reduce their dependence on crop cultivation and, consequently, 
the sensitivity of their livelihoods to flooding.

Providing additional assistance to households in villages with poor farmland and 
high flood risk in establishing secure urban livelihoods would not only improve 
their overall well-being but also address the issues of environmental inequality that 
have been exacerbated by levee construction and the current grain subsidy policy. 
The rental subsidy could further mitigate the environmental inequality in such vil-
lages. More generally, in the high flood risk zone, which contains one-fifth of the 
farmland in the PLR, the government could increase efforts to promote alternative 
land uses and livelihoods that particularly suit the characteristics of the local bio-
physical environments.

This study also sheds some light on how to improve future development and 
increase well-being for the townships, villages, and households in the PLR. While 
all the townships need to improve development, they should make development 
plans based on their specific situations. A clear understanding of exposure, sensitiv-
ity, and the various aspects of development can help township-level governments 
make appropriate adjustments.

Specifically, those townships with low exposure to flooding, but which also have 
low levels of development, should examine the social systems for ways to improve 
human development. Townships whose degrees of sensitivity are greater than their 
exposure should examine their land-use and development patterns carefully to fur-
ther reduce sensitivity. Townships with both high levels of development and high 
degrees of exposure and sensitivity must pay particular attention to levee  engineering 
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works, in addition to making appropriate adjustments to development. All township- 
level governments need to look at the broader aspects of development beyond nar-
row economic measures of income.

With respect to villages, it is essential that village leaders consider local charac-
teristics. Specifically, villages endowed with special types of natural resources must 
look ahead and plan how to invest their accumulated capital from those natural 
resources to develop alternative sustainable livelihoods. Villages with scarce, poor 
farmland and high exposure to flooding may take advantage of the urbanization 
process to migrate out, and many village households may become better off build-
ing urban-based livelihoods. To achieve a successful out-migration, they must be 
well informed about and prepared for urban job markets. Villages with average 
farmland can further improve household income and increase land-use efficiency 
through farmland consolidation. All villages could develop near-home nonfarm 
work opportunities to complement farming income. This would likely involve col-
lective action of farmer households, and all village leaders must work on fostering 
collective action.

Rural households have developed their livelihoods based on their own character-
istics and local contexts. Each of the four livelihood profiles—diversified near-home 
livelihood, business-oriented livelihood, farming-based livelihood, and migratory 
work  and  farming combined  livelihood—can produce high  household income.  
Location near urban centers and rich farmland contribute to successful diversified 
near-home and farming-based livelihoods. But in general, rural households could 
strengthen their human and social capital to improve their livelihoods. Investing in 
education and training in particular will improve labor competitiveness in urban job 
markets and produce long-term economic returns.

Rural households also need to pay attention to collaborative efforts because indi-
vidually they are less capable of overcoming the constraints found at both individual 
and system levels. A village’s social capital can significantly affect the livelihoods 
of all its households but is also shaped by the human and social capital of individual 
households.

Finally, by examining rural livelihoods within the broader national development 
context, emphasizing differences in local conditions, and addressing the sensitivity 
of rural livelihoods and agriculture to flooding, these recommendations on improv-
ing rural development can also enhance the resilience of rural development amid 
social and environmental changes.

6.2  Implications for Sustainable Development in Other 
Rural Areas

Two lessons learned from the PLR study could be useful for promoting rural devel-
opment in other less developed areas that are affected by climate impacts.

6.2 Implications for Sustainable Development in Other Rural Areas
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 1. Development programs and policies at multiple levels are necessary to create 
favorable macro and micro development environments in which rural house-
holds with different characteristics can develop robust livelihoods via different 
paths.

Individual households have limited capabilities, and sustainable development 
in such areas may even exceed the capabilities of regional governments. The 
national development context that includes industrial development, agricultural 
development, and policy and institutional settings can greatly affect the liveli-
hood options for rural households, the choices they make, and ultimately their 
well-being. Physical infrastructure, such as engineering work, at regional and 
local levels can also play an important role in mitigating environmental impacts 
on rural livelihoods.

 2. Policy interventions will better promote development if they differentiate across 
places to suit local situations and adapt over time to changing situations.

The land-use and livelihood decisions of rural households are affected by 
local environments, and therefore it may require different policies in different 
places to achieve the same goal. Policy can also play different roles or have dif-
ferent goals in different places. There is hardly a straight pathway to sustainable 
development, and policy adjustments are necessary to ensure the system move 
on the right direction and gradually get to more desired states. 

Of course, specific policy recommendations on rural development are likely dif-
ferent for different regions. Each region has unique characteristics in natural and 
human resources and in the broader development context. And each must develop 
accordingly. As Eleanor Ostrom wrote in “Green from the Grassroots,” published 
the day she passed away in 2012, there is no panacea to the sustainability crisis; a 
variety of overlapping policies at different levels are more likely to succeed than a 
single overarching plan.

Even so, several general principles may apply to other similar rural areas. First, 
nonfarm employment is likely to be important for improving rural livelihoods across 
the developing world—and not just as a means of income diversification, but as a 
fundamental part of rural livelihoods. Urbanization plays an important role in creat-
ing nonfarm employment opportunities for rural labor, and it is important that gov-
ernments guide urbanization to benefit farmer households and truly improve their 
well-being. Promoting simultaneous growth of the agricultural and industrial sec-
tors and healthy rural-urban development dynamics could facilitate the transfer of 
rural labor to the urban sector.

Second, rural households in marginal natural environments might take advantage 
of urbanization to migrate out, and governments could offer them assistance in 
developing urban-based livelihoods. Meanwhile, system-level engineering work is 
important for mitigating climate impacts in areas where agriculture is important and 
rural livelihoods are highly dependent on farming. Large-scale engineering proj-
ects, such as levee systems, often require collective action and significant invest-
ments beyond the capacity of individual households or villages. Financial and 
organizational support from governments will be crucial for such engineering work. 
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Governments could also play an important role in researching and developing sus-
tainable land uses.

Third, land privatization may or may not be an appropriate approach to promot-
ing the well-being of rural households. More generally, there is no single absolutely 
“right” institutional arrangement, and which institutional arrangement works best 
depends on the specific situation and timing. There are multiple policy instruments 
that governments can use to promote the well-being of rural households, address 
issues of inequality, and prevent rural poor becoming urban poor. And governments 
are more likely to succeed in tackling development issues with a comprehensive 
policy plan than relying on any single measure.

6.3  From Vulnerability to Sustainability

The PLR study demonstrates how the new sustainability framework—assessing 
well-being, investigating the complex processes underlying well-being, and 
exploring future paths—can be implemented to analyze coupled human-environ-
ment systems (CHES) in a specific place. Using a complex systems approach, the 
framework integrates social, economic, institutional, and environmental perspec-
tives. This allows us to acquire rich insights about the micro- and macro-level 
processes in CHES and provide scientific support for policy to promote sustainable 
development.

By treating climate as one of the many factors that affect human development, 
and emphasizing human well-being, a broader concept than vulnerability, this study 
sheds light on how to simultaneously improve human development and reduce cli-
mate impacts. Policy and broad development context is as important for rural devel-
opment as for climate adaptation and vulnerability reduction. In less developed 
areas that are exposed to extreme climate events, reducing vulnerability, enhancing 
adaptive capacity, and promoting human development are essentially linked; cli-
mate adaptation and vulnerability reduction may have limited effects without 
addressing development (Kates 2000; Adger et al. 2003; Eakin 2005; Agrawal and 
Lemos 2015; McCubbin et al. 2015; Warner et al. 2015). This sustainability frame-
work encompasses all three issues and addresses them together.

The PLR study also demonstrates that geospatial assessments, empirical analy-
ses of causal mechanisms, and modeling are all useful; they complement one 
another to provide scientific support for policymaking. When we study complex 
systems like coupled human-environment systems, no single method is likely to be 
sufficient. Each research method has its strengths and limitations. Each provides 
understanding about some aspect of a system. We can combine different research 
methods to gain deeper understandings about a CHES. This is very much like home 
maintenance: a hammer is an extremely useful tool for fixing things around the 
house, but it cannot fix a leaky pipe. And that’s why we keep a toolkit handy from 
which we can draw whatever tools fit the situation.

6.3 From Vulnerability to Sustainability
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6.4  A General Framework for Analyzing Global 
Sustainability

Significant challenges exist for both developing and developed areas in other dimen-
sions of sustainability: land use, natural resources, energy, pollution, human health, 
etc. And the world has become increasingly interconnected and telecoupled (DeFries 
et al. 2010; Seto et al. 2012; Liu et al. 2013; Meyfroidt et al. 2013; Verburg et al. 
2013; Seto and Reenberg 2014). All these challenges beg for examining sustain-
ability broadly and globally (Levin and Clark 2010; Brondízio and Moran 2012; 
DeFries et al. 2012; Ostrom 2012; Moran and Lopez 2016).

This section describes a more general framework for analyzing sustainability. 
The overall objective is to understand the fundamental processes underlying sus-
tainability at both local and global levels. I provide the definitions of local and 
global sustainability, and propose some broad research questions and general 
approaches to address these questions.

I continue to use a complex systems approach to examine coupled human- 
environment systems. This approach, I believe, can lead to important new under-
standings about sustainability. The framework is centered on the micro-socioeconomic 
foundations of long-term economic growth. It treats the natural environment as an 
endogenous entity and looks at multiple dimensions of human and environmental 
well-being (Fig. 6.1a). It views scales as networks of interacting human- environment 
systems and examines their interconnectedness (Fig. 6.1b).

6.4.1  Definitions and System Properties

Local sustainability: Human well-being in a specific place achieved a certain level 
and continues for many generations (forever, theoretically).

Global sustainability: Human well-being in every place achieved a certain level 
and continues for many generations (forever, theoretically).

Global constraints: Natural resources of each kind are limited at a given time, 
with some decline over time.

Local constraints: Natural resources of each kind are limited at a given time, 
with some decline over time.

Diversity of places: Each place has specific characteristics, in terms of natural 
resources, geography, human resources, technologies, institutional and cultural set-
tings, political systems, and development history. Technology affects not only effi-
ciency of production, but environmental impacts as well.

Interconnections between human and environmental well-being: (1) 
Production and consumption have environmental impacts; (2) Degraded 
 environmental well-being affects production (e.g., degraded soils reduce agricul-
tural output) and human well-being (e.g., health and spiritual satisfaction).
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Fig. 6.1 (a) A general framework of sustainability: CHES in a specific place. (b) A general frame-
work of sustainability: linkages between CHES.
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Interconnections between places: (1) Environmental impacts can spread from 
local places to affect global environmental well-being and human well-being in 
other places; (2) Trade of materials and products, and the way local places use natu-
ral resources, can affect human well-being at the global level and in other places 
(e.g., using farmland to grow corn for ethanol fuel affects local and global food 
security).

Trade-offs: (a) between present and future economic growth; (b) between human 
well-being and environmental well-being; (c) between different dimensions of 
human well-being; (d) between local sustainability and global sustainability; (e) 
between different ways of using accumulated capital: consumption, reducing envi-
ronmental impacts, and investing in research and technology etc.

6.4.2  Broad Research Questions and Approaches

The following are some important questions we can ask to investigate the funda-
mental processes underlying local and global sustainability. By understanding the 
processes and, in particular, their interconnections, we may be able to decide appro-
priate trade-offs and shape human-environment systems toward a sustainability 
transition.

Like Robert Lucas Jr. (2004), who finds it “hard to think about something else,” 
many economists—from Adam Smith (1776) to Sir Arthur Lewis (1954), Robert 
Solow (1956), Paul Romer (1986), Jeffery Sachs (1997), Robert Barro (1998), 
William Easterly (2001), Daron Acemoğlu (2002), and Justin Yifu Lin (2009)—
have looked at the causes of economic growth and advanced our understanding 
from various perspectives. Yet developing countries are largely unsuccessful in 
making the transition to developed economies. Developed economies also face 
slowdowns in growth and problems of periodical crises.

Economic growth is an outcome of the interplay of many factors and forces, and 
is path-dependent (Arthur 1994, 1997; Nelson 1995; Root 2013). So how do various 
factors and forces in natural resources, geography, human resources, institutions, 
cultures, technologies, trade, etc., interact with one another through the decisions 
of individuals, households, and firms to drive long-term economic growth in a given 
place? Using a complex systems approach to examine these interactions alongside 
specific development history may generate new insights about the fundamental pro-
cesses of economic growth, the mechanisms through which innovations promote 
growth, and the deep causes for economic crises. Such insights can have important 
policy implications.

Along this line, another important question is: Can developing economies catch 
up with developed economies in a highly interconnected world, and how? The 
Dependency theory argues that “poor states are impoverished and rich ones enriched 
by the way poor states are integrated into the world system” (Kláren 1986; So 1990). 
This seems to suggest that less developed economies may not be able to catch up 
with developed economies. But the success of Four Small Dragons (Taiwan, South 
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Korea, Hong Kong, and Singapore) and Justin Yifu Lin’s sector-based economic 
models provide a different outlook.

The global economy is a complex adaptive system of which every country is a 
part, and a complex systems approach helps us to better analyze the interconnec-
tions among all economies and, possibly, to identify viable strategies for less devel-
oped countries to advance their economic development amid globalization. The 
growth of the global economy results from the contributions of all economies, and 
the “multiplier effect” at the global level depends on the diversity of these 
economies. 

It is important that a country understands its position in the global system, as 
well as its characteristics, because by doing so, it can best contribute to the global 
economy and benefit from trades. The global economy has evolved into multiple 
hierarchies beyond the dichotomy of developed and developing economies. The 
global interdependency makes national policy more important than ever, not only 
for countries at lower levels of the hierarchies  to advance their economies amid 
globalization, but also for developed countries to mitigate rising domestic inequal-
ity that is partially attributed to globalization.

Now we can add environmental impacts and examine human-environment inter-
actions to address questions of local and global sustainability. How do different 
ways of using resources at local places affect local and global sustainability? What 
local development strategies and global institutions facilitate local and global sus-
tainability? Using a complex systems approach, we can explore global conse-
quences of local actions and the effects of institutions on individual actions.

Another related question is: Can sustainability in a specific place endure sepa-
rately from other places? There will always be variations between places, with 
some having higher levels of well-being than others. The sustainability in some 
places at times may rest on the unsustainability of other places. However, because 
of the global constraints in natural resources and the interconnectedness between 
places, sustainability in a specific place may no longer be possible when all other 
places become unsustainable. Local sustainability and global sustainability are 
intertwined, just as individual economies and the global economy are.

A sustainable future depends on how far ahead and how large a scope we can, or 
are willing to see. Because we are all linked within the global system, focusing 
solely on local and near-term interests will lead inexorably to global unsustainabil-
ity and local unsustainability in the long run. Thus we may further ask: How can we 
effectively foster cooperation to achieve global sustainability? Are there win-win 
solutions for all parties? How may we balance competition and cooperation in pro-
moting economic growth and sustainability?

Probably nobody would reject the value of competition for innovation. But I 
have no doubts that as the world becomes increasingly interdependent, cooperation 
will become necessary and important for solving many pressing issues humanity 
faces, including sustainability. Competition is not the only means to foster innova-
tion, and other institutional arrangements, such as provision of certain levels of 
security, could encourage individuals to take risks associated with innovation and 
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fully realize their creativities. This is another areas where a complex systems 
approach can shed light on.

And it is essential to pay particular attention to urban development. Urbanization 
proceeds rapidly across the developing world. Currently, 54% of the world’s popu-
lation lives in urban areas (UN 2014). It is estimated that the proportion of the 
world’s urban population will rise to 66% by 2050, and that about 90% of the 
increase will be concentrated in Asia and Africa. How are we going to guide urban-
ization to develop sustainable cities?

Driven by growth, the developing world has witnessed the birth of “mega-cities,” 
and “global cities” built on “master plans.” But the implications of this development 
for governance and the well-being of people and the environment are not well 
understood. In many cases, the master plans ignore local characteristics (Chakravorty 
1996; Robinson 2002; Marshall 2003; McKinsey and Company 2009; Ilesanmi 
2010). Cities have their intricate inner workings, and the diversity in land use and 
buildings in neighborhoods is fundamental to a vital economy, healthy social life, 
and even people’s safety (Jacob 1961, 1968; Holston 1999).

Urban development involves actions and interactions of many human agents; 
general guidelines are likely more effective and useful than master plans. Using a 
complex systems approach, we can test planning scenarios and perhaps develop 
guidelines for urban development such that the many human agents collectively 
make sustainable cities, i.e., cities that are economically vital, environmentally and 
people friendly, adaptable and resilient.

To address these questions, we need empirical studies and synthesis. Case studies 
that examine the coevolution of the natural environment, human behaviors, cultures, 
institutions, and development can provide empirical understanding about processes 
in human-environment systems. From these we can develop models to explore inter-
actions among human agents and between social and environmental components, 
interconnections among places, and trade-offs between human and environmental 
well-being and between local and global sustainability. Agent-based and network 
approaches are particularly useful in this regard. We can expand the work on agent-
based computational economics (ACE) that models economic processes as dynamic 
systems of interacting agents (see Tesfatsion and Judd  2006; Gintis  2007; 
Deissenberg et al. 2008; Mandel et al. 2009; Axtell and Guerreto 2017). The insights 
the models generate may further guide the direction of empirical research.
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Chapter 7
The Complex Systems Approach to Policy 
Analysis

Abstract In this chapter, I reflect on the complex systems approach to policy anal-
ysis and discuss how to develop useful, credible agent-based models for policy 
analysis. The chapter concludes the book with a conjecture about sustainability of 
complex adaptive systems in general.

Keywords Complex adaptive systems • Policy analysis • Agent-based modeling • 
Niches • Resilience • Sustainability

7.1  The Sustainability Framework and Complex Systems 
Approach to Policy Analysis

The basic idea of the sustainability framework is to (1) assess the state of a system, 
using multiple variables; (2) understand causal mechanisms, i.e., how human agents 
act and interact with one another to shape the state of the system; and (3) explore 
how to influence individual decisions such that they collectively move the system 
toward desired states. These steps need to be repeated over time to provide insight 
for policy to steer a system gradually toward desired states. This idea is applicable 
to other complex adaptive systems.

Most important for policy interventions in complex systems is to ensure that a 
system is moving on the right track. After all, it is difficult to make long-term point 
predictions for a complex system because its state is being shaped by adaptive 
actions and interactions of many agents, and can change in unforeseen ways. Nor is 
there an optimal policy that will cause a system to move linearly, from its current 
state to a desired state at once. Adjustments will have to be made along the way to 
correct the course of the system, or accelerate or slow certain effects.

This kind of “adaptation mentality” is essential to the policymaking process. To 
use an analogy from Brian Arthur, the policy-maker is like a captain of a paper boat 
drifting down a river; at his best, he watches the currents and the changing flow, and 
uses his oar to “punt from one eddy to another” (see Mitchell 1992). And this is 
precisely why agent-based modeling is useful: it offers insights about the directions 
of “flow.” In the next section, I will try to illustrate how to develop agent-based 
models that generate new, useful, and convincing insights for policy analysis.
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7.2  Agent-Based Modeling for Policy Analysis

7.2.1  Design Useful Models and Ask Meaningful Questions

An agent-based model simulates the decisions of heterogeneous agents in a com-
plex adaptive system, and is an analytical tool for studying these systems. To 
develop a useful agent-based model, we need to ask good research questions—with-
out those, the model can easily become a mechanical simulation that does no more 
than mimic a real system. Mechanic simulations may look realistic, but they are not 
particularly useful.

In any field, theories guide us to ask questions. So, too, theories of complex 
adaptive systems (Holland 1995, 1998, 2012) will help us to pose meaningful ques-
tions about these systems. Understanding their key features and relevant concepts 
can be useful for policy interventions in a broad sense, and for modeling in particu-
lar (OECD 2009).

In a complex adaptive system, the agents learn and adapt through interactions 
with other agents, leading to adaptability of the system. This means that policy 
needs to adapt over time to suit new situations and nudge a system toward more 
desired states, and how policy should adapt is an important research question. 
Agent-based models can offer useful insights for adaptive policymaking.

Complex adaptive systems often exhibit non-linearity, i.e., system-level novel 
patterns cannot be predicted just by summing the properties and actions of indi-
vidual agents in the system. Policy may produce unintended consequences if it does 
not account for adaptive interactions of agents that have distinctive characteristics 
and experiences, and their coevolving behaviors. These systems can have lever 
points at which a small intervention produces large changes in system-level out-
comes. Such lever points can be exploited by policy to influence the system cost 
effectively. Agent-based models can be used to explore policy levers and unintended 
consequences of certain policy.

A complex adaptive system usually has a large state space. The system can 
evolve in many different directions, and sometimes a robust policy that delivers 
satisfactory results across plausible future scenarios is more desirable than a policy 
that produces best outcomes only for some scenarios (Lempert 2002). A system can 
exhibit non-equilibrium or multiple equilibriums, with tipping points that propel it 
into a sudden phase transition. Tipping points may present policy challenges if a 
system is currently in a desirable state; they may present opportunities if other 
attractors represent more desirable states. In such cases, we can use agent-based 
models to simulate future scenarios, explore the state space of a system, and identify 
tipping points or robust policy.

The behavior of a complex adaptive system is path-dependent, i.e., dependent 
upon its initial conditions and previous states. It can therefore be locked on a long- 
term undesirable path. Inferior technologies, for example, sometimes prevail 
because they had an early advantage, while innovations in general are difficult to 
introduce early on. Policy can influence the future path of a system by helping to 
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break existent patterns and promote the adoption of an innovation at the initial stage. 
Timing is important for these interventions, and models can explore the appropriate 
timing of interventions.

Complex adaptive systems tend to self-organize often without a central control. 
But individual actions and interactions in a system may not necessarily lead to opti-
mal system-level outcomes. Just think about the Prisoner’s Dilemma and the 
Tragedy of the Commons. This is why policy is necessary, but policy can effect 
changes in a system more effectively, by setting up incentives that induce individual 
decisions to collectively lead to desired outcomes. Agent-based models can be used 
to explore the potential effects of alternative policy.

Although coherent behaviors can and often do emerge from individual actions 
and interactions, complex systems can fall into a state of chaos. Policy could play a 
role in preventing disastrous outcomes associated with chaos. Agent-based models 
cannot prove that certain things will happen, but they can demonstrate possible 
outcomes. Identifying conditions that lead to disastrous outcomes could be a power-
ful use of models and would provide insights for policy interventions to prevent 
disastrous outcomes.

These are some policy insights a complex systems perspective offers and some 
potential uses of agent-based modeling for policy analysis. Central to all these is the 
need to understand the micro-level processes and dynamics in complex adaptive 
systems.

7.2.2  Meet the Challenge of Conceptualization

The strength of agent-based modeling lies in its ability to capture agent diversity, 
interactions between agents, and the feedback between individual behaviors and 
global states (Epstein and Axtell 1996; Gilbert 2007; Manson and Evans 2007; 
Miller and Page 2007; Farmer and Foley 2009; Railsback and Grimm 2011; Cioffi- 
Revilla 2014; Walsh and Mena 2016). This is also why agent-based models can 
generate new and sometimes surprising insights about a system.

For example, Schelling’s classic segregation model (1971) illustrates an impor-
tant insight that neighborhood segregation can happen even if individuals only have 
a slight preference to be near people of their own race. The segregation pattern 
generated by his model would not have been predicted by simply adding up indi-
vidual attitudes, but emerged from their interactions.

The farmer household model in this study also shows some interesting patterns 
of change for farm sizes as nonfarm work wages rise. These patterns emerge due to 
interactions, particularly the interacting influences of wages and the land rental mar-
ket. That rising nonfarm income may not naturally lead to farmland consolidation 
and increased scale of farming operations in the countryside, as economists would 
expect, has policy implications.

However, because agent-based models represent the micro-level processes of 
real systems, this create challenges for conceptualization, validation, and communi-
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cation with non-ABM modelers (Parker et al. 2003). Conceptualization in particular 
is crucial to modeling success: where to draw the system boundaries, what compo-
nents to include, how to represent agents, including their decision making, and what 
is the appropriate level of abstraction etc.

Meeting these challenges is even more critical for policy analysis. To convince 
policy-makers, we need high levels of confidence in our models. To develop a cred-
ible model, model conceptualization should be based on a good understanding of 
the system in question. A good understanding of a specific system can, in the first 
place, help us ask research questions that are important and meaningful for that 
system. Generally speaking, a conceptual model should capture the real system suf-
ficiently to address intended research questions.

 Use Empirical Methods to Inform the Development of Models

A variety of empirical research methods are available to increase our understanding 
of complex systems and inform the development of agent-based models. These 
methods can (1) provide insights into the micro-level processes and dynamics of a 
system, including agent decision making; (2) provide data for setting a model’s 
parameters, and for initializing various components of the model, e.g., agent types, 
distributions of agent attributes, environmental attributes, values of exogenous enti-
ties; and (3) provide insights and data, including qualitative or quantitative macro-
level patterns, for model validation. In-depth case studies, large N statistical 
analyses, experiments used in behavioral economics, participatory research that 
involves shareholders, and qualitative approaches can each give us valuable, albeit 
different, insights into a system (Janssen and Ostrom 2006; Robinson et al. 2007).

Case studies, as used in this Poyang Lake project, can provide detailed informa-
tion about the processes and dynamics of a system. But case studies tend to be 
system- specific and lack generality. Large N data analyses can be used to derive 
general patterns of individual motivations and behaviors, providing detail on how to 
populate agents in a model. They are not so good, however, at revealing mecha-
nisms and processes. Nonetheless, they are attractive because data can be easily 
available from a census and, increasingly, from electronic sources, besides 
surveys.

Experiments can test specific hypotheses about human behaviors, informing the 
decisions of agents in a model. But in general they are vulnerable to weaknesses in 
subject representativeness, contextual information, controlled experiment environ-
ments, and credibility of the answers (e.g., Berg et al. 1995; Kurzban and Houser 
2005; Houser et al. 2008; Cotla 2016). Participatory approaches enable researchers 
to discover rich information about agent decisions and interactions, and even to 
uncover policy from the bottom up, but they can be costly and are often limited to 
relatively small scopes (e.g., Castella et al. 2005; Van Berkel and Verburg 2012).

Qualitative approaches can be very useful, too. For example, Jane Jacob (1961) 
provides a convincing account, based on her intense observations of urban life, of 
how economic prosperity and public safety emerge from mixed land use and the 
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interactions of its inhabitants. What she describes is essentially a qualitative agent- 
based model, with detail beyond the capacity of a computer simulation. In this PLR 
study, field observations and qualitative analysis of the interviews also yield impor-
tant insights about farmer households’ decisions concerning land use and 
livelihoods.

Despite all that capability of agent-based models, we should not expect to dis-
cover important insights solely from these computer experiments. Of greater impor-
tance from the onset is that we develop a good understanding, even an intuition, 
about the system we wish to explore, based either from our own empirical research 
or the theories and empirical work of others. Models are analytic tools we use to 
formalize our intuitions and improve our understandings about a system. While we 
should try to make modeling technically rigorous, we need broad and deep grasp of 
an issue to convince policy-makers of a model’s usefulness, and ultimately influ-
ence policymaking.

 Decision Theory and the Representation of Agent Decision Making

Understanding how the agents in a system make decisions is particularly important 
for policy analysis. It is this understanding that enables policy-makers to improve 
macro-level processes for individual agents, or to design “smart” policy to influence 
individual behaviors, facilitating change toward more desired states. From a com-
plex systems perspective, the role of policy is not to impose a central control, but to 
introduce incentives to induce individual decisions and actions such that they col-
lectively lead to desired system-level outcomes. In addition, top-down interventions 
have become increasingly unpopular and tend to provoke bottom-up resistance, 
leading to difficulty in implementation and high enforcement costs.

Researchers in various disciplines examine human decision making through dif-
ferent lenses. Economists, for example, have developed rational choice theory, 
according to which people weigh the costs and benefits, and choose the option that 
gives them the best utility, assuming people have complete information about the 
choices and consistent preferences (Hogarth and Reder 1987). Psychologists, how-
ever, emphasize the irrationality of human behavior and consistently find bias in 
human decisions, especially with heuristics (Tversky and Kahneman 1975). 
Behavioral economists try to bridge the economists’ rationality and psychologists’ 
irrationality, and their experiments have mostly illustrated the foundation of human 
rationality, with some exceptions (Smith 2005).

Coming under the general framework of rational choice is the notion of bounded 
rationality, which argues that individuals are rational decision makers, but they may 
not always have complete information about their options or possess consistent 
preferences over choices, or have the computational power to make optimal choices 
(Simon 1956). Individual choices are however hardly made independently; rather 
they are influenced by social and cultural forces. Social economists thus see social 
influences over individual decisions everywhere (Becker and Murphy 2009). 
Sociologists, with deep roots in empiricism, and development economists in the 
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field, often find that societal structures play a large role in affecting or constraining 
individual choices (Scott 1977; Susan 1977; Sen 1981; Blaikie et al. 1994).

So what should we take from these divergent theories and perspectives? We may 
start with the assumption that people are rational decision makers, and look for 
empirical evidence to verify this assumption. If the evidence suggests otherwise, 
that people are not making rational choices, we will need to investigate further. Are 
they trying to optimize? Do they have unusual or different preferences? Are they 
constrained by a lack of information or computational capabilities?

People can still be rational decision makers, even when they do not appear to be 
rational or seem to use simple heuristics. The majority of farmer households in the 
Poyang Lake Region, for example, appear to rely on a few heuristic rules in labor 
allocation: young male adults work in the city, while old people and some women 
cultivate rice on the farm. Yet in conversation, the farmers show that they are actu-
ally rational decision makers: They are trying to achieve the optimal economic 
result and have done what they can.

Farmers in the PLR are aware of other land-use and livelihood options, and the 
costs and benefits associated with these options. They can explain how they derive 
the costs and benefits. Not much calculation is needed for labor allocation to opti-
mize total income, either; household members have just two choices—work in the 
city or work on the farm. Because migratory work tends to produce higher returns, 
a household member chooses to work in the city as long as possible. Members who 
cannot find work in the city naturally stay on the farm and cultivate rice. It happens 
that young people and male adults are more likely to find work in the city.

Thus, while many empirical cases contradict perfect rationality, there is plenty of 
evidence to suggest that a peasant’s behaviors exhibit an attempt to improve the 
household livelihood (Strauss and Thomas 1995). What appears to be irrational may 
be the result of a complex exercise in rationality, and can often be explained with 
deeper probes into the nature of constraints or preferences.

Of course, not all decisions are “rational,” as defined by rational choice theory. 
We have all analyzed the pros and cons for some decisions in our lives; but we have 
also relied on “rule of thumb” or “gut feeling” to make some other (even important) 
decisions. There is now empirical evidence suggesting that heuristics and gut feel-
ings may not be poor “second best” methods for decision making. Rather they are 
flexible and effective decision-making processes formulated through life experi-
ence—which is to say, based on our interactions with the dynamic environment 
(Gigerenzer and Brighton 2009).

Furthermore, the individual decision maker can probably rationalize each choice 
he or she makes from his or her perspective, with a range of factors, including emo-
tions, figured into that rationale. Utility is a rather broad concept that ultimately 
means happiness, which can incorporate emotions.

Considering all these, can we make a bold assertion that decision making is all 
about trying to optimize some kind of utility? Again, utility may mean different 
things to different people and in different contexts. Each person’s utility function 
reflects individual experiences. And we may at times have difficulty formulating it 
because our experiences are qualitative and rich. Then examining the heterogeneity 
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of human experience to understand how human agents value different things 
and make decisions can be theoretically enlightening, and also brings far more use-
ful insight for policy than the notion of irrationality.

Much like the dual perspectives of decision theory, the representation of decision 
making in agent-based models falls into two general categories: optimization with a 
utility or objective function, and non-optimization. In the optimization category, 
there are variations of how agents in a model find solutions to their optimization 
problems. Some use mathematical programming (e.g., Berger 2001; Berger et al. 
2006), which is optimization in the ultimate sense. Others often use approximation, 
and an approximate solution can be achieved by (1) using a genetic algorithm (e.g., 
Manson 2006) or more generally an evolutionary approach that makes adjustments 
based on experiences (e.g., the farmer household model in this study); or (2) sam-
pling a limited solution space (e.g., Robinson and Brown 2009). When agents use 
these techniques to find an approximate solution to their optimization problems, the 
models are representing bounded rationality.

The representation of agents as non-optimizers reflects the psychological per-
spective. Non-optimizing agents often apply heuristic rules in decision making 
(e.g., Deadman et al. 2004; Kennedy et al. 2014). The psychological framework of 
belief, desire, and intention (BDI) has also been implemented to represent agent 
decision making in ABMs (e.g., Drogoul et al. 2016). A hybrid design of heuristics 
and utility calculation can be useful as well to simulate household-level decisions 
(e.g., Evans et al. 2011). Agent-based models may even employ cognitive architec-
tures developed in artificial intelligence, such as SOAR and ACT-R, to represent 
agent decision making (Kennedy 2011).

In general, the representation of agent decision making in an agent-based model 
needs to be based on how people actually make decisions. The modeling purpose is 
also important for the choice of representation. Representations based on psycho-
logical and cognitive frameworks are thought to be more realistic than those based 
on optimization, and there is a general desire to enhance the cognitive aspects of 
agents (see Epstein 2014). However, with cognitive representations, like BDI, it can 
be difficult to understand what is going on in a model, and their usefulness for pol-
icy analysis is not obvious. Besides, the deep cognitive mechanisms underlying 
human decision making are not yet well understood. Heuristics, while useful for 
explaining existing patterns, may not be suitable for policy analysis because heuris-
tic rules reflect what people do in immediate present and may change when situa-
tions change.

Optimization can be a useful representation of decision making for policy analy-
sis, especially if we consider utility in a broader sense (with constraints) and may 
limit the ability of the agents to find perfect solutions in a model. Even implement-
ing agents with perfect rationality could be appropriate for policy analysis. 
Schreinemachers and Berger (2006) argue that a representation of perfect rational-
ity “seeks to identify inefficiencies not in the limited cognitive capacity of the 
human mind but in structural factors external to the decision maker, which may be 
addressed through policy intervention.” Using mathematical programming to repre-
sent and solve optimization problems also allows modelers to include a large num-
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ber of variables and constraints, capturing full agent heterogeneity (Schreinemachers 
and Berger 2006).

The PLR model can be used to illustrate the differences between heuristics and 
optimization. The households in the model could use the following heuristic rules: 
(1) if a member is older than age X, do farming; (2) if a male member is younger 
than age X, do migratory work with probability Y; (3) if a female member is younger 
than age X, do migratory work with probability Z; (4) if extra labor is available for 
farming, subcontract additional farmland; (5) if labor is insufficient for farming, 
rent out farmland. The model could still reproduce land use and livelihood patterns 
observed in three different villages by calibrating X, Y, and Z. But it would not, 
however, be so useful for exploring policy effects; the decisions of the agents would 
not even be sensitive to changes in wages or policy incentives.

Furthermore, the heuristic rules describe what agents do at the present time and 
may not be valid for exploring future scenarios unless we can make agents adapt 
their rules in the model. In contrast, income optimization represents the more fun-
damental principles of household decisions. The heuristic rules deducted based on 
our observations of agent behavior are manifestations of the fundamental decision 
principles in the current situation. Fundamental decision principles are more likely 
to remain the same than heuristic rules, and they may manifest as different choices 
and heuristics in different situations. Currently, the heuristic rules implemented in 
most agent-based models are fixed. John Holland’s classifier system, which allows 
adaptation and creation of new rules, could be further explored to make truly adap-
tive agents.

 Appropriate Level of Abstraction

Agent-based modelers must consider many elements in a real system when design-
ing an ABM. It can therefore be difficult to decide what details to include (or 
exclude) in the model, and determining the appropriate level of abstraction has been 
a persistent challenge for the ABM community (Parker et al. 2003). Agent-based 
models can exhibit a gradient of abstraction levels, ranging from extremely abstract 
to extremely realistic representations. Schelling’s (1971) segregation model, 
Axelrod’s models on culture dissemination and cooperation (1997a, b), and Epstein 
and Axtell’s Sugarscape model (1996) are classic abstract models that bring pro-
found insights about social dynamics. As an example of extremely realistic design, 
An et al.’s model (2005) represents every household in the Wolong National Nature 
Reserve, plus a full range of demographic and economic dynamics, to examine the 
influence of human activities on the giant panda habitat. Because of its realism, the 
authors are able to interpret and compare their modeling results with other models 
in absolute quantitative terms, whereas most agent-based models look at trends or 
patterns, and discuss results in relative terms.

Note that as the level of details increases in an ABM, the model’s ability to make 
general inferences decreases. One argument made against agent-based modeling is 
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that it is intractable; more details make it even more difficult to understand model 
outcomes (Axtell and Epstein 1994). In addition, agent-based models can be overly 
fitting, i.e., fit too well to the specific system (Brown et al. 2005).

The increasing power of computers and big data present opportunities for more 
“realism” of agent-based models. Large, realistic models can be useful and are nec-
essary in some cases, especially for applied studies, but we need to keep in mind 
that realism is not always equivalent to usefulness (see also Paola and Leeder 2011). 
“In searching for powerful models, this temptation to inclusiveness should be 
rested,” wrote Holland (2012). “A model’s clarity and generality directly depend on 
how much detail has been set aside.”

Large, realistic models can also increase the chance for errors and exacerbate the 
modeling issues discussed previously. Steve Bankes (1993) offers a fantastic fic-
tional account of building, for a fictional Joint Chiefs of Staff, the ultimate combat 
simulation; as increasing details are demanded, and added to the model, it becomes 
quite useless at the end. Models are useful because they are abstractions of the real 
world, just as maps are useful because they simplify geography. In his book 
Dreamtigers, Jorge Luis Borges tells the ironic story of how cartographers driven by 
the “rigor of science” to create maps of increasing precision:

“In that Empire, the Art of Cartography attained such Perfection that the map of a single 
Province occupied the entirety of a City, and the map of the Empire, the entirety of a 
Province. In time, those Unconscionable Maps no longer satisfied, and the Cartographers 
Guilds struck a Map of the Empire whose size was that of the Empire, and which coincided 
point for point with it. The following Generations, who were not so fond of the Study of 
Cartography as their Forebears had been, saw that that vast Map was Useless, and not with-
out some Pitilessness was it, that they delivered it up to the Inclemencies of Sun and 
Winters. In the Deserts of the West, still today, there are Tattered Ruins of that Map, inhab-
ited by Animals and Beggars; in all the Land there is no other Relic of the Disciplines of 
Geography.”

The appropriate level of detail is largely determined by the research question a 
model is intended to address (see also An et al. 2014); different questions about the 
same system may require different model designs. Let us use modeling the brain 
and the mind as an illustrative example. The human brain is an extremely complex 
system comprising billions of neurons and numerous physical, chemical, and bio-
logical processes that somehow give rise to higher-level cognitive functions and 
human intelligence (Baars and Gage 2010). Assume that our modeling goal is to 
explore how the brain gives rise to the mind. At the crudest level, a simple model of 
the left-right brain can bring us some understanding of human cognition. When we 
differentiate the frontal lobe, parietal lobe, temporal lobe, the occipital lobe, etc. in 
the model, we can understand more of the brain’s functions. However, this model is 
not yet sufficient to explain how the brain gives rise to the mind. To understand the 
brain-mind relation, it is probably necessary to include neurons and neuron  networks 
in the model. But since neurons are supported by many chemical processes, should 
those also be represented? My thinking is no. Humans and other animals share simi-
lar chemical processes, and therefore these processes are probably not critical for 
explaining human intelligence.
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Let’s suppose now we have developed a model that simulates how neurons form 
networks through learning mechanisms, and that this is the process that gives rise to 
human intelligence. Even so, can this model explain cognitive problems, such as 
autism and Alzheimer’s disease? I do not think so, for these disorders involve impor-
tant physical, chemical, and biological processes that are not included in this model.

A good agent-based model captures a system’s key elements and dynamics, with 
a level of detail that is sufficient to address the research question. Modeling is not 
only a technique—it is an art. The art is to capture the essence of a system, as a 
painter captures the spirit of the subject with a few strokes. The modeler, like the 
artist, must decide what details to include and how to capture them. Yes, there are 
painters who include such fine detail that we get lost in the intricacies. There are 
also painters in whose few strokes we can barely recognize the subject. Modeling is 
useful if we do it right. After all, there are the impressionist masters, but none of 
them painted solely from imagination—they all made intense observations of 
reality.

7.2.3  Strengthen a Model’s Credibility

Conceptualization, based on a good understanding of the system in question, is the 
first step toward building a credible model for policy analysis. Several techniques 
can help us test and enhance a model’s credibility: validation, sensitivity analysis, 
and robustness analysis.

 Validation

We can address model validations on three levels: the conceptual, micro, and macro 
(Robinson 1997). Conceptual validation involves capturing the right processes and 
dynamics in a model. Empirical research and theory can provide insight into the 
processes and dynamics of the real system and are part of the conceptual validation. 
On the micro level, empirical data is useful for initializing model parameters and 
populating agents (Brown et al. 2008). At the macro level, comparing the simulated 
patterns with observed patterns, either qualitatively or quantitatively, constitute a 
formal validation (Axtell and Epstein 1994). A model could implement different 
mechanisms that all lead to the same macro-level pattern; the likelihood that the 
model captures the right mechanism is increased, and its credibility strengthened, if 
a model can reproduce multiple observed patterns (Grimm et al. 2005).

Validation at three levels gives a model increasing credibility; and the levels at 
which we confirm validation affect what we can claim from the model’s experi-
ments. Also different modeling purposes may require different levels of validation. 
To further illuminate the issue of model validation, it is helpful to quote John 
Holland about modeling (personal comm.):
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“I think of the model as a kind of axiom system. First, I try to make the basis of the model 
(the axioms) as clear as possible. I actually try to write an explicit list of assumptions. Then 
I try to make sure that the construction adheres to just these assumptions and no others. This 
is hard, but possible. The whole purpose of setting up axioms is to move all questions of 
interpretation to them. From that point onward, the rules of deduction, or the program, are 
a “mechanical” working out of consequences, with no interpretation involved in that part 
(unlike arguments of rhetoric and persuasion). That is what, in my mind, separates the sci-
entific method from other methods (say, philosophical argument). In short, when the ‘axi-
omatic’ approach can be followed, the art and interpretative cleverness are concentrated in 
selecting the axioms. Then consequences are ‘proved’ without resort to interpretation. 
Note, however, that intuition usually guides us in what consequences we would LIKE to 
show. But you cannot ‘cheat’ the deductive method—the consequences may, or may not, 
follow from the axioms chosen.”

Let’s build upon Holland’s “axiom systems.” We may think in general that there 
are three types of agent-based models. In the first, not much is known about the 
system’s processes, and the modeling purpose is to explain the mechanisms under-
lying macro patterns. In this case, the modeler can list any axioms, including any 
assumptions about the mechanisms. The modeler may even choose to “manipulate” 
the axioms. As long as the model reproduces the observed patterns, the modeler can 
claim that the postulated mechanism is plausible. Even such plausible mechanisms 
are useful and can guide the direction of empirical studies. Craig Reynolds’s bird 
flocking model (Boid) and Holland’s language model, which explores how gram-
mar emerges and how languages evolve, fall into this category. I would think these 
models are so-called “existence proof models.”

A second type of model is used to explore and test abstract ideas. The modeler 
assumes or has some intuition that a system works in a certain way and seeks to 
“prove” that assumption, using a model capable of reproducing some stylistic pat-
terns. The modeling purpose, however, is not to prove the assumption or intuition 
but to illustrate further insight about the system. In this case, it is appropriate to list 
all the assumptions as axioms and then let the program work out. My simple model 
on Towns, Cities, and the Happiness of Humanity (see personal.umich.edu/~qtian/
HappinessOfHumanity.htm), and some of the early exploratory agent-based mod-
els, such as Robert Axelrod’s (1997a) culture dissemination model fall into this 
category. I tend to think that such models are more about brain exercise, and attempt 
to illustrate some insight.

The third type of model is used for prediction (e.g., An et al. 2005) or, as in this 
study, has clear policy implications. For these models, validation at all three levels 
is essential to achieve sufficient credibility to persuade policy-makers. In other 
words, the axioms must largely reflect facts. This is close to Steve Bankes’s (1993) 
notion of “consolidative models.” Bankes (1993) offers an interesting discussion on 
the important role of “exploratory models” for policy analysis. However, even the 
exploratory capability of a model need to rely on certain levels of understanding 
about a system to be useful for policy analysis. In implementing agent-based mod-
els, we almost always make some assumptions, but the more our axioms rely on 
assumptions rather than fact, the less credible will be our inferences from the model 
experiments. There are also technical issues associated with using too many assump-
tions I will discuss later.
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These three model types are intended for different purposes, and the validation 
levels required for them differ as well. To make agent-based modeling a rigorous 
research method, we should be clear about the modeling purpose and our assump-
tions, just as mathematicians explicitly list their axioms. We should also discuss 
how the assumptions may affect our conclusions. For important assumptions, it may 
be necessary to do additional experiments to examine their potential impacts on 
model outcomes. Two analytical tools especially useful for analyzing axioms are 
sensitivity analysis and robustness analysis.

 Sensitivity Analysis

Sensitivity analysis tests how changes in a model’s parameters or variables can 
affect outcomes (Railsback and Grimm 2011). We can apply sensitivity analysis 
when we lack reliable or accurate estimates about a model parameter or variable. If 
the results are sensitive to small changes in a model parameter or variable, we need 
to collect additional data to improve the estimates. Sensitivity analysis can also be 
used for model verification and validation (e.g., An et al. 2005). We can vary the 
parameter or variable values to explore how this affects outcome variables. If the 
patterns of change do not conform to our expectations (based on our theoretical 
understanding or empirical work), we need to examine model design and imple-
mentation to make sure the computer code is correct and the conceptual model is 
“right.”

Scenarios that combine extreme values of parameters or variables are particu-
larly useful because it is relatively easy to discern how the simulated system should 
behave under them. As the numbers of parameters and variables increase, it can 
quickly grow burdensome to conduct systematic model experiments using all pos-
sible combinations; sensitive parameters or variables identified by sensitivity analy-
sis can help narrow the range of possible scenarios (e.g., Happe et al. 2006).

Sensitive parameters or variables can be useful for policy interventions. For 
example, An et al. (2005) identify several variables to which household electricity 
consumption and, consequently, panda habitat in the Wolong National Nature 
Reserve, are sensitive. Among them, the age at which people marry and the price for 
electricity could help formulate policy interventions for habitat conservation. The 
PLR model shows that in villages with average farmland, the decisions of house-
holds to rent out farmland are sensitive to the size of the rental subsidy. This insight 
could be used by policy-makers to choose a subsidy amount, for example, one that 
influences land rental markets cost effectively, or one that allows for farmland con-
centration synchronized with rural labor transfer to the urban sector.

 Robustness Analysis

Robustness analysis tests how a specific component of a model’s implementation 
affects model outcomes. For example, we can test alternative representations of 
agent decision making or alternative distributions of agent attributes. We can explore 
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the distribution of an outcome variable to understand the uncertainty of model out-
comes if we know the distribution of a parameter or variable. Every assumption is 
theoretically subject to robustness analysis. In practice, however, it is impossible to 
test every one because agent-based models usually make a great many 
assumptions. 

We should at least try to examine the major assumptions. If the model still pro-
duces the same outcomes with alternative implementations, the model results are 
robust and the assumptions are not problematic. Otherwise, we would need to do 
additional research to learn more about the real system. Despite all the effort made 
to understand rural development in the PLR through empirical research, there are 
still some unknown elements in the system. The robustness tests against two major 
assumptions—that current grain subsidies are based on actual areas planted for rice, 
and that all farmland rental contracts involve payments—do not only enhance cred-
ibility of the model but also improve our understanding of policy effects.

We can also use robustness analysis as an analytical tool to understand our cre-
ations. What is the specific contribution of a given component to model outcomes? 
What is the relative importance of a model’s major components? We can remove a 
component from a model to understand its contribution to model outcomes. This 
allows us to look into the black box and unravel the inner workings of an agent-
based model, and helps us explain why a model behaves in a certain way or pro-
duces certain outcomes. Such explanation also helps us to communicate with 
non-ABM modelers and convince policy-makers.

These analysis results may be used to simplify a model as well. The Einstein 
principle is a good guideline for modeling: Models should be made as simple as 
possible, but not simpler. Robustness analysis is a useful technique to find that 
“right” model by teasing out relevant but unimportant components. For example, 
social relations in the farmer household model are relevant to the negotiation of 
farmland contracts and make the model appear more realistic. But they carry little 
weight for model outcomes, and the model could be simpler without them. In fact, 
a parallel model implemented in Python without social relations produces the same 
dynamics and results.

7.2.4  Models as Projection Systems

Holland’s notion of models as axiom systems is very useful; we may further think 
of all models as projection systems from some elements to outcomes. Mathematicians 
start with axioms (elements) and use logical deduction rules (the projection system) 
to infer system behavior. For regression models, and mathematical model more gen-
erally, the elements are state variables, and the project system is a formula; to define 
a mathematical model, the modeler needs to choose the form of the formula and the 
variables.
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For agent-based models, the elements are many and diverse, including agent 
attributes, agent decision making, the attributes and dynamics of the environment, 
interactions, feedback, and often some stochastics. The computer program that 
weaves all these elements together is the projection system. The modeler must 
decide which elements in the real system to include and how to relate these elements 
to one another in the model, necessarily making numerous assumptions. The projec-
tion system is thus not as straightforward as a mathematical formula or as clean as 
deduction rules. From this perspective, we can see more clearly why the benefit of 
using an agent-based model to represent micro-level processes also creates chal-
lenges for its modeler.

On the other hand, as projection systems, agent-based models are not so different 
from other types of models. In fact, an agent-based model can be approximated by 
a mathematical model (most likely nonlinear) that directly relates model parameters 
and variables to model outcomes, ignoring agents and their actions and interactions 
(e.g., Happe et al. 2006). For all model types, model outcomes depend on nothing 
more than the elements we select and the projection system we use. How much truth 
we attach to axioms, model elements, and mechanisms affects our confidence in the 
model and what we can claim from modeling results.

We know that for mathematical models, and for regression models in particular, 
more variables increase fitness—but the fittest model may not be the most useful. 
We know that higher orders of mathematical formula generally lead to better fit to 
data—but the model’s prediction ability may decrease, as shown by Gigerenzer and 
Brighton (2009). Similarly, more details in agent-based models do not necessarily 
improve the model, and too many details can make a model lose generality and 
become less useful for explaining other systems, or make it problematic for predict-
ing future scenarios; those relevant but inessential details can vary among similar 
systems or easily change in the future. Again, robustness analysis is helpful for find-
ing the “right” agent-based model just as step-wise techniques are useful for finding 
the “right” regression model.

Modeling is essentially about exploring the unknowns of a system based on what 
we know—we build a model based on what we know to learn new things about a 
system. The model’s ability to bring new understanding therefore rests on what we 
know. With agent-based modeling, we can gain new understanding by exploring 
scenarios, and we can do experiments to explore plausible scenarios. But when too 
little is known about the real system, the number of scenarios we must test grows 
exponentially from our assumptions. Systematic model experiments will be over-
whelming, and even techniques like sensitivity analysis and robust analysis can 
become ineffective.

To model for policy analysis, then, it is essential to learn as much as possible 
about a system. This helps us to ask meaningful questions about the system and 
provides insight about how to design alternative policies to influence the system. 
This is important for model conceptualization and validation, and can also mitigate 
the practical issue of experiment analysis just described.
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7.2.5  Unlock the Modeling Potential for Policy Analysis

Agent-based modeling is useful for evaluating policy effects, but we can take it 
further, using models to explore policy levers, tipping points, adaptive policy, robust 
policy, unintended consequences, and disastrous future outcomes. Agent-based 
models are particularly powerful for addressing what if questions. Goolsby and 
Cioffi-Revilla (2011) raise many great what if questions about development and 
disaster response in sub-Saharan Africa, where social conflicts, unstable govern-
ments, and climate all contribute to low levels of development and human 
well-being.

Models are excellent adjuncts to human intellect, and we can combine models 
and human intellect to better inform policy decisions (Lempert 2003). Humans have 
an incredible ability to recognize patterns and make inferences with limited infor-
mation. We also possess contextual and qualitative knowledge that is difficult to 
implement in a model. A computer cannot capture the richness of human experience 
but is capable of computing a large number of scenarios. If we offer policy-makers 
the modeling results about the performance of multiple policy options, rather than 
just one, across many scenarios, it will allow policy-makers to integrate their unique 
human capabilities and other sources of information as they consider policy choices. 
In this study, for example, the model provides insights into the effects of different 
subsidies on rural development at different stages of development across multiple 
outcome variables. This gives policy-makers flexibility to consider and choose 
appropriate options and use contextual information, such as generational changes—
which are not represented in the model but play an important role in influencing the 
success of subsidies to large farms—under a variety of scenarios.

We can combine agent-based modeling with other methods to enhance its capa-
bilities for policy analysis (see also O’Sullivan et  al. 2016). For example, we can 
combine mathematical tools developed in systems dynamics (LaSalle and Lefschetz 
1961; Martynyuk 1998; Bramson 2009, 2010) and bring in data-mining techniques, 
such as evolutionary algorithms, to explore the model parameter space and data pro-
duced by agent-based models (e.g., Miller 1998). This can help identify conditions 
that lead to disastrous outcomes, generate insights about robust policy, and inform 
adaptive policymaking. We can integrate GIS within an agent-based model to explore 
spatial effects (see Torrens 2010; Heppenstall et al. 2012; Malanson and Walsh 2015). 
Geospatial agent-based models are particularly useful for disaster evacuation and res-
cue planning (e.g., Crooks and Wise 2013; Crooks et al. 2015). We can also integrate 
social network analysis (see Wasserman and Faust 1994; Barabási 2002; Newman 
et al. 2006) with agent-based models to explore social influences (e.g., Andrei et al. 
2014). Real social network data are often difficult to collect, and modeling can help 
explore situations associated with incomplete information or uncertainty.

Social network analysis, as another technique for analyzing complex systems, 
brings unique insights about policy interventions. Social network-based principles 
have long been used to effect change in the real world. Such interventions may aim 
to control or accelerate the diffusion process in social networks (e.g., to contain 
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contagious disease, promote innovation), stabilize or destroy system structure (e.g., 
enhance stability of electrical grids, eliminate criminal or terrorist networks), or 
improve system performance (e.g., increase voting participation, improve organiza-
tion efficiency). Social network-based interventions can target nodes, links, groups, 
or the overall network structure to influence system-level outcomes (see Valente 
2012). Social network analysis is an area where the complexity approach has been 
relatively successful in influencing policy, particularly in epidemiology.

Social network analysis and social network-based interventions are large topics, 
beyond the scope of this book. The point here is that social interactions could be 
policy levers for influencing individual behavior to curb negative outcomes or foster 
positive changes (e.g., Centola 2010; Rand et al. 2011; Bond et al. 2012). Social 
network-based interventions are therefore an important part of “smart” policy. As 
social media and smart devices become more popular, social networks in the cyber-
space will likely exert increasing influence over individual behavior and could be 
used for policy purpose. To make “smart” use of social media for policy interven-
tions, again, we need to understand how these virtual relationships affect individual 
behavior in the first place.

7.3  An Unfolding End

Agent-based modeling has become increasingly popular in a growing number of 
fields to simulate various systems, but advances in the theoretical understanding of 
complex adaptive systems are slow. According to Murray Gell-Man and late John 
Holland, the founding fathers of CAS, these systems are difficult to study and we 
are only just beginning to understand them.

I have no doubts that the science of complexity is the science of the twenty-first 
century, as Stephen Hawking says. But I think it may be helpful if we shift away 
from the broader notion of complexity and instead focus on some of the specific 
properties of complex systems and emphasize the CAS approach to examine the 
micro-level processes. (The very notion of complexity, to some skeptics, indicates 
something that is unknowable, contributing to suspicions about the science of 
complexity).

Sustainability is a common property of many complex adaptive systems, from 
social organizations to economic systems and human civilizations, and can be an 
organizing concept for studying CAS more generally. These systems all “grow” in 
some way. And it is generally desirable for them to exhibit resilience. However, they 
also seem to share a common cycle of fast growth, stagnancy, decay, and collapse. 
It appears that growth and resilience are somehow intertwined, and even at odds 
with each other at times.

We can characterize the sustainability of complex adaptive systems in terms of 
growth and resilience, and define it as continuous, resilient growth. Investigating the 
fundamental mechanisms underlying sustainability will expand and deepen our 
general understanding of complex adaptive systems, and also bring profound insight 
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for how policy can foster changes to promote growth and enhance resilience in such 
systems. I believe that niches, which interested John Holland in his late life (see 
Holland 2012, 2014), play a large role in such mechanisms. And I can envision how 
niches are responsible for those common evolutionary patterns in complex adaptive 
systems—but this is for future research.

Thus, my inquiry about the sustainability of coupled human-environment sys-
tems, which started a decade ago, has arrived at this point, an unending end. Our 
quest for understanding human-environment systems, and complex adaptive sys-
tems more generally, will continue to unfold and expand. It is in that quest, that 
examination of the deep unknown, that one discovers the purpose and the joy behind 
all scientific inquiry.
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