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INTRODUCTION 
This report summarizes the findings of a research project that was undertaken to investigate the links between land-
use patterns and vulnerability to flooding and economic change in the Poyang Lake Region of China.  The report 
lists the original research questions and objectives, listing some modifications that were made during the course of 
the project.  A brief summary is provided of the important results and conclusions that we draw from the work.  
Finally, we list of students supported by the project and describe the peer-reviewed publications, with abstracts, and 
presentations that cite this support. 
 
RESEARCH QUESTIONS  

1) How have LCLUC patterns and dynamics in the PLR changed over the last 20 years as a consequence of (a) 
changes in the frequency and intensity of flooding and (b) liberalization of land and economic policies? 

2) How have changes in LCLUC patterns and dynamics, or lack of changes, affected the vulnerability of the 
people and economy of the region to flooding hazards? 

3) What are the implications of these changes, or lack of changes, for the amount and quality of wetland wildlife 
habitats? 

4) How might future changes in lake levels affect vulnerability of human livelihoods and wetland wildlife 
habitats? 

OBJECTIVES 
1) Analyze spatio-temporal patterns of anthropogenic land-use and land-cover changes and their relations to 

demographic and economic changes, flood events, and the evolving policy context within the PLR over the 
period 1984-2004.   

2) Model households as agents making land-use decisions in the context of evolving flood risks, market 
incentives, and legal restrictions on behavior, and analyze the combined effects of these changing contexts 
on modeled land-use patterns. 

3) Analyze and model the combined effects of changing water levels and land-use patterns on the pattern of 
wetland habitat availability, especially as it affects the Siberian Crane. 

4) Evaluate scenarios of possible future flood dynamics and their effects on human vulnerability and wetland 
wildlife habitat. 

 
RESULTS SUMMARY 

 The general trend of land-cover changes in the region over the last 30 years was, with some notable exceptions, 
toward less vulnerability of farmland and urban areas to flooding. Factors of markets, laws and regulations have 
likely influenced changes in landcover patterns and, therefore, in vulnerability. 

 There is significant variation in well-being among the 298 towns in the region, and different sustainable 
development pathways and policy interventions are needed to mitigate flood vulnerability in different places. 

 The spatial patterns in land use are mostly determined by the natural environment and proximity to urban 
centers, though spatially variable government interventions have also played a role. Crop choices on individual 
plots, as part of the overall livelihood strategies of a household, however, are also affected by the characteristics 
of the household, including its demographic structure, social connections and farmland endowment. 

 Based on our agent-based model analysis, we concluded that (i) farmer households in PLR are significantly 
constrained by their farmland resources; (ii) the private market for land-use rights is efficient enough, and no 
other forms of market are needed; (iii) the policy of subsidizing rice production does more harm than good for 
rural development; and (iv) an alternative policy can significantly improve several aspects of rural development 
in most places with less costs and in a fairer way.   

 Inundation frequency could be mapped with relatively higher accuracy by improving digital elevation data with 
lake boundaries from multiple Landsat scenes. 

 Uncertainty in location of bird observations was effectively incorporated into bird habitat models, which 
showed a sensitivity of representative species to lake levels and resulting wetland habitat patterns. 
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OUTPUTS 

Edited special issue. 

Walsh, S.J., Messina, J.P., and Brown, D.G.  2008.  Mapping & Modeling Land-Use/Land-Cover 
Dynamics in Frontier Settings. Special Issue. Photogrammetric Engineering and Remote Sensing, 
74(6): 677-679. 

Published Papers: 

Jiang, L., Bergen, K.M., Brown, D.G., Zhao, T., Tian, Q., Qi, S., 2008. Land-cover change 
and vulnerability to flooding near Poyang Lake, Jiangxi Province, China. Photogrammetric 
Engineering and Remote Sensing, 74(6): 775-786. 
Inhabitants near Poyang Lake, in the Central Yangtze River Basin, China, are vulnerable to loss 
of life and livelihood because of the interactions of flooding and land-use policies and decisions. 
We analyzed implications of land-cover patterns for vulnerability to flooding in the Poyang Lake 
Region. Land- �cover and change were mapped using multitemporal Landsat TM/ETM  images 
at high and low water levels from 1987, 1993, 1999, and 2004. Vulnerability to flooding was 
analyzed based on the distribution of land covers relative to elevation and the levee quality. 
Results showed that patterns of Farmland, Urban, and Wetland covers varied by elevation, by the 
relative likelihood of flooding within polders, and over time; the general trend, with some 
notable exceptions, was toward less vulnerability of farmland and urban areas to flooding. 
Factors of markets, laws and regulations have likely influenced changes in landcover patterns 
and, therefore, in vulnerability 
 
Qi, S., Brown, D.G., Tian, Q., Jiang, L., Zhao, T., Bergen, K.M., Inundation extent and 
flood frequency mapping using LANDSAT imagery and digital elevation models  
GIScience & Remote Sensing, 2009, 46, No. 1, p. 101–127. DOI: 10.2747/1548-1603.46.1.10 
We modeled the extent of inundation around Poyang Lake, China using 13 Landsat images and 
two digital elevation models (DEMs). Boundaries of the observed inundation extents were (a) 
labeled with lake-level measurements taken at a representative hydrological station and (b) 
interpolated to create a Water Line DEM (WL-DEM) that was used to map inundation frequency. 



A 30 m contour-based DEM produced slightly better results than the Shuttle Radar Topography 
Mission DEM, but neither DEM was accurate for medium and low lake levels. The WL-DEM 
exhibited improved accuracy at medium lake levels, but had relatively high errors at low lake 
levels 
 
Papers in Preparation: 

 
Kwaiser, K.S., Bergen, K., Brown, D.G., and Qi, S.  In Revision. Accounting for 
observational uncertainty in species-habitat models: A case study using bird survey data 
from Poyang Lake, China.  Ecological Informatics. 
Species-habitat models provide a basis for greater knowledge of such relationships and are 
important in conservation planning and habitat preservation. Locational uncertainty of species-
habitat observations can degrade model performance and has been analyzed by comparing 
models based on true versus perturbed species and/or habitat locations.  The present study 
extends this work first by addressing a potentially common situation where an existing dataset 
contains valuable records of species observations, but for which known true locations of the 
observations may not exist; and second by focusing on observational uncertainty, a characteristic 
of datasets including some avian surveys where observer location is known, but the specific 
locations of the observed individuals within heterogeneous habitat may not be known. A large 
survey of wetland birds taken over the Poyang Lake region, China in 2006 was used to develop 
and interpret a spatial Monte Carlo simulation approach to account for the amount and influence 
of observational uncertainty in such datasets.  The approach involved: 1) development of wetland 
land-cover data from which habitat variables were derived, 2) Monte Carlo simulation of the 
observational uncertainty by resampling the landscape around geolocated sample points and 
building multiple species-habitat models, 3) analysis of observational uncertainty based on the 
variance in and direction of coefficient estimates, and 4) assessment of whether simpler models 
based on fixed, circular areas provide similar information.  Presence/absence and abundance 
models were created using hurdle regressions for tundra swan (Cygnus columbianus; TS) and 
greater white-fronted goose (Anser albifrons albifrons; GWFG). Model coefficients contained 
uncertainty, as shown by coefficient variation and both positive and negative effects, and this 
varied by habitat metric.  Models provided plausible descriptions of the habitat associations of 
both species, although fixed-area models performed relatively poorly when used to predict the 
observed data.  Overall, 80% and 95% of coefficient estimates for fixed-radius models for TS 
and GWFG, respectively, were contained within the 95% prediction intervals established by the 
variable-radius simulations. The construction of a full simulation, as done here, is preferred to 
fully gauge the extent to which observational uncertainty degrades inference capabilities; simpler 
fixed-radius models were consistent with simulation results in direction of effects of habitat 
metrics but should be used with caution when interpreting the strength of species-habitat 
relationships. 
 
 
Tian, Q., Brown, D.G., and Bao, S. A regional assessment of well-being for sustainable 
development: A case study in the Poyang Lake Region of China 
The assessment is intended to provide useful information for government policy interventions 
regarding development in the context of flood hazards in PLR. It was carried out for the entire 
region with towns as basic units. Flood risk zones were, first, mapped using levee GIS data, a 



digital elevation model (DEM) and historical high lake levels with an innovative approach. The 
flood risk zones reflect spatial variation of flood risk in PLR, and serve as the basis for 
measuring exposure of the towns to flood impacts. Land-cover/use data interpreted from Landsat 
images and population distribution map were then used with mapped flood risk zones to derive 
measures of sensitivity of existing development to the flood risk. Based on UNDP’s human 
development index, socio-economic data were used to represent development level in three 
aspects: life expectancy, literacy and income. The assessment indicates that the development in 
PLR is highly exposed and sensitive to flooding risk. It also reveals that there is significant 
variation in well-being among the 298 towns in the region, and suggests different sustainable 
development pathways and policy interventions for different places.  

 

Tian, Q. An in-depth analysis of well-being and its underlying causes: A case study in the 
Poyang Lake Region of China 
The analysis focuses on the livelihoods of people. It synthesizes multiple perspectives from 
social vulnerability, sustainable livelihoods and development economics. I combined quantitative 
and qualitative data and methods to (a) examine and explain the variations between communities, 
groups and households in well-being, (b) analyze flood impacts on the current land-use practices 
(the most sensitive part to flooding), and (c) examine the household land-use and livelihood 
decision-making process to demonstrate how the various factors and forces at multiple levels 
(from the biophysical environment and the human system) interacting with each other affect the 
well-being of people through their decisions and actions. Based on the analysis, I also 
recommend a comprehensive set of rural development policies and programs that focus on 
people and aim at lifting the constraints and assisting rural populations in China building up 
robust livelihoods through different paths.   

 
Tian, Q., Brown, D.G., Zheng, L., Qi, S., Liu, Y., and Jiang, L. Spatial, temporal, and 
household variations in land-use drivers in the Poyang Lake Region of China. 
We describe variations in land-use systems in three dimensions, all of which can provide insight 
into the drivers of these systems: spatial patterns, temporal changes and individual/household 
behaviors. To synthesize information about land-use drivers across these three dimensions in the 
Poyang Lake Region (PLR) of China, we combined multilevel models with qualitative analysis 
based on household surveys and interviews . We found that the Chinese policy reforms beginning 
in the late 1970s, by creating an increasingly free-market economy and opening up off-farm 
work opportunities for rural households, has been the most important driving force for temporal 
land-use changes in PLR. The spatial patterns in land use are mostly determined by the natural 
environment and proximity to urban centers, though spatially variable government interventions 
have also played a role. Crop choices on individual plots, as part of the overall livelihood 
strategies of a household, however, are also affected by the characteristics of the household, 
including its demographic structure, social connections and farmland endowment. We 
demonstrate how these social and biophysical factors and forces interact with each other through 
the land-use and livelihood decision-making process of the households to affect their decisions 
and actions, which collectively shape land use and drive land-use change in PLR. Our findings 
suggest that policies aimed at rural development should be targeted in ways that are sensitive to 
variations in environmental and household characteristics.  
 



Tian, Q., Brown, D.G. Land resources and land exchange affect rural development in the 
Poyang Lake Region of China: Explorations with an agent-based model. We used an agent-
based model to explore the role of land resources and land exchange mechanisms in the future of 
rural development in the Poyang Lake Region of China (PLR).  We sought to answer: (i) How 
much are farmer households in PLR constrained by the availability of land resources? (ii) Is the 
current private market for land-use rights efficient enough to match the demand and supply of 
land for farming? (iii) How effective is the current policy of subsidizing rice growers for 
promoting agricultural production and increasing rural income? (iv) Can an alternative policy 
that subsidizes long-term renters of land-use rights induce the system to a more desired state, and, 
if so, how should policies vary across villages?  We used survey data three villages that represent 
different kinds of environments to validate the model and answer the above questions.  The 
model was able to generate multiple macro-patterns in these villages and reproduce the major 
land-use changes in the region since national economic reforms began in the late 1970s. To 
evaluate the effects of policies, we looked we looked at (i) the end state of the system 
(represented by multiple variables), (ii) the trajectory of the system, and (iii) the costs and 
fairness in the system.  We concluded that (i) farmer households in PLR are significantly 
constrained by their farmland resources; (ii) the private market for land-use rights is efficient 
enough, and no other forms of market are needed; (iii) the policy of subsidizing rice production 
does more harm than good for rural development; and (iv) an alternative policy can significantly 
improve several aspects of rural development in most places with less costs and in a fairer way.  
But, alone the proposed new policy cannot raise rural incomes to a whole new level, and in 
places that are rich in farmland, other forms of policies will be more effective in promoting the 
development of the agricultural sector and further increasing rural income. 

 
Cheong, S., Brown, D.G., Lopez-Carr, D., and Kok, K.  In Review. Mixed methods in land-
change research: Towards integration. Re-submitted to Transactions of the Institute of 
British Geographers. 
This paper focuses on the question of the appropriate balance between 1) quantitative and 
qualitative approaches, 2) simulation and observation, and 3) diversity and integration central to 
the pursuit of an integrative approach to mixed methods in land-change science. It employs 
examples primarily from land use, agent-based modeling, and scenario development, and 
discusses why the use of mixed methods are complementary rather than integrative. 
 
Conference Presentations: 

Tian, Q. A Conceptual Framework of Sustainability of Coupled Human-Environment Systems 
and its Applications in the Poyang Lake Region of China (Poster Presentation). The 
AAG Annual Meeting, Seattle, April 2011.  

Brown, D.G. Modeling processes and projections of land-use change.  15th Anniversary LCLUC 
Science Team Meeting, College Park, MD, March 2011. 

Tian, Q. and Brown, D.G. A Study of Land-use System in the Poyang Lake Region of China 
(Poster presentation). NASA LCLUC Science Team Meeting, Bethesda, March 2011. 

Tian, Q., Brown, D.G., Zheng, L., Qi, S., Liu, Y., Jiang, L. A Synthetic Analysis of Land-use 
Drivers in the Poyang Lake Region of China. The GLP (Global Land Project) Open 
Science Meeting. Arizona State University, Tempe, Oct. 2010. 



Tian, Q. From Vulnerability to Sustainability: A Study of Sustainable Development in the 
Context of Climate and Institutional Changes in Rural China. NASA LCLUC Science 
Team Meeting. Bethesda, April 2010.  

Tian, Q. and Brown, D.G. Exploring the Dynamics of Sustainability of Coupled Human-
Environment Systems using Agent-based Modeling: A Case Study in the Poyang Lake 
Region of China. The AAG (Association of American Geographers) Annual Meeting. 
Washington DC, April 2010. 

Brown, D.G. The role of land-change science in exploring climate change vulnerability and 
adaptation.  2010 AAAS Annual Meeting, San Diego, CA, February 2010. 

Tian, Q. A Conceptual and Methodological Framework for Understanding and Studying 
Sustainability of Coupled Human-Environment Systems in the Context of Climate 
Change/Variability. Climate Vulnerability and Adaptation Workshop: Theory and Cases. 
University of Illinois, Urbana Champaign, Feb. 2010. 

Tian, Q. A Conceptual Framework of Sustainability of Coupled Human-Environment Systems 
and its Applications in the Poyang Lake Region of China. The 7th Open Meeting of 
IHDP (International Human Dimensions Programme on Global Environment Change). 
Bonn, Germany, April 2009. 

Tian, Q., Brown, D.G., Zheng, L., Qi, S.  Land-use Drivers and Implications for Vulnerability to 
Flooding near Poyang Lake, China: A Micro-analysis of Farmer Household Surveys and 
Interviews. The AAG Annual Meeting. Las Vegas, April 2009. 

Brown, D.G. Land use and vulnerability to environmental variability and change: The case of 
flooding at Poyang Lake, China. Annual Meeting of the AAG, Boston, MA, April, 2008. 

Tian, Q. and Brown, D.G. Rural Household Vulnerability and Development under Climatic Risk 
in the Less Developed World: A Case Study at Poyang Lake, China. The AAG Annual 
Meeting. Boston, April 2008. 

Tian, Q. and Brown, D.G.  Social Surveys and Agent-based Modeling. International Conference 
on Poyang Lake Wetland Environment and Biodiversity. Nanchang, China, Nov. 2007. 

Brown, D.G. Land use and vulnerability to flooding in the Poyang Lake Region, China. 
NEESPI/LCLUC PIs meeting, Urumqi, China. 2007. 

 

Outreach Activity 
“Poyang Lake Human-Natural Systems,” planning meeting with support from NSF and NASA.  
Convened by University of Michigan and Jiangxi Normal University, Nanchang, Jiangxi, China. 
December 2007. 
 
At the meeting we brought together a number of scientific and management stakeholders in the 
region to discuss both new possible scientific projects, as well as possible solutions to 
development and environmental challenges in the region.  We also met with local press to 
discuss findings from our project.  
 


