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General Goals: Theoretical Background: The Science of Complexity

Coupled Human-Environment Systems (CHES)

»Advance sustainability science from the

Systems Dynamics:
perspective of CHES ¢ 4

- Use multiple system-level variables to represent the state

- Concretize the concept of sustainabllity
- Provide analyses for achieving sustainability

Governments

- Explain the dynamics by interconnected changes of these variables

Human

Well-being
MARKET \ ‘ Food Security

Living Standard .
INSTITUTION Physical Health Environmental

- Differential equations & mathematics

»Integrate climate change into development ) B <
. Individuals/ Frr?;;tgts of Natural Hazards \é\c/.)ai':eél%ﬂ?c:/ity
- Integrate useful ideas from climate change Complex Adaptive Systems (CAS) rovseholas e "
research with a larger framework of sustainability - Explain global patterns by the actions and interactions of the N f
Biophysical

- Faclilitate mainstreaming climate change into agents at the micro level
development

processes

Natural U
Resources

- Agent-based & network modeling

What Is Sustainability? A Conceptual Framework for Studying Sustainability Three Steps toward Sustainability

In the Dimension of Climate Change/Variability

Two key concepts for characterizing sustainability of a CHES:
WELL-BEING and RESILIENCE

SUSTAINABILITY

IS
a Global Property of a CHES

The Space of Well-being 1. Figure out where the system Is;

“"‘\
Resilience

2. Understand how the actions and interactions
of the agents In the system determine the

current state and drive state change (treating
climate as one of many factors in the system that

Well-being describes the state of a system at one pointin time.  Development

Resilience describes the state of a system in the dynamic term. Level Sensitivity

A system is RESILIENT if it does not experience sudden transition
between CRITICAL states (specified by thresholds of variables) In

EMERGENT from

‘*the actions and interactions of multiple human players the face of social or environmental shocks. E affect well-being):
Sy . i _ . xposure )
under the social-economical-political setting A system Is SUSTAINABLE If its development has reached a 3 _ _
2 the biOphysica| processes of the environment certain level, and it is resilient. e 3. Explore the potentlal effects of alternative
. . . . vernmen . human behaviours /policies under various
“the interactions between humans and the environment Notes: { CULTURE P m o o Fd' o
Exposure of the human system to climate change/variability . N \ ﬁssggggzlecsal u Qre scenarios (including social and/or
ESSENTIALLY about is determined by the environment; Farms Wy  Individuals/ environmental changes).

Households

C

Development level includes various aspects of development:.-" ;
iIn economic achievement, education and health;
Sensitivity reflects how human development is affected by

climate change/variability. ‘

Some Simplified States and Implications

the WELL-BEING of a CHES in a LONG time horizon

.

Multiple Dimensions of Sustainability Analyses and Implementations

Natural Development Exposure Sensitivity Possible Implication
1. Assessing well-bein '
Resources High Low Low No problem A large S?:ales 9 glesﬁlf)te Sensing +
HBiodiversity H L H Stupid — needs to locate the sensitive part of the development and . .
improve social-economic data
Climate Change H H L Smart 2. Analyzing multi-source quantitative + qualitative analyses
H H H Serious problem — need to seek for both engineering and “soft” \f‘vemtgte';:]evel causes of (surveys + interviews)
®m Human Health measures to reduce sensitivity J
L i i Key issue is development, but make sure not to do stupid things 3. Shape the future & agent-based model +
Polluti L i H Key issue is development, also need to reduce sensitivity explore the dynamics  network analysis +
] = — — of the system mathematics
L H L ~urther develop, may need engineering work to keep sensitivity low
L H - Worst case — migration away?
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Shaping the Future: Exploring Potential
Effects of an Alternative Policy with
an Agent-Based Model

A

- Experiencing rapid and dramatic social-economic-political changé

Part |l

=128 P A Regional Assessment of Well-being Combining ||[=ETE@ [ An In-depth Analysis of Causes underlying | o
GIS, Remote Sensing and Social-Economical Data Household Well-being based on Surveys and Interviews The household analysis suggests that the Key Issue of Sustainability in PLR & Rural

China is Negative Resilience: rural income & agricultural production are low and
difficult to grow.

Objective: To understand the state of development in PLR, especially variations
between places in the region.

QU estlon: How the complex interactions between individual household characteristics and

their social and environment settings shape the well-being of households on average and Qu estions:
Ma ind Flood-Risk Zones variations between households I.  How effective is the current policy of subsidizing rice growers in increasing rural
pp 9 A h _ S S Income and agricultural production?
| pproaC : Quantitative + Qu alitative . What if the government subsidizes long-term land-use-right renters (“Rental
. (i) Focus on the livelihoods of people; Policy”) to facilitate larger scale of farming operations”? How may policy effects
& NAWWWM (ii) Draw insights from sustainable livelihoods analysis social vulnerability analysis, and development economics; vary across places that have different endowments on farmland resources?
: (iii) Examine and explain the variations between communities, groups, and households;
(iv) Examine household livelihood decision-making processes to understand how various social, economic, institutional, Th e I\/l()d el ed System . Boundary, Interactions & Feedbacks
0 and environmental factors at multiple levels interact with each other to affect the well-being of rural households;
FELFLLPLFLSL LSS (v) Further look into flood impacts on the current land-use practices (the sensitive part of the livelihoods to flooding).
Historical lake levels — Growth Rate of the Industrial Sector(IS) MO d el Val | d atl on
Number of surveyed villages 8 co000 b el
Some of the s Wage per Workday =mpirical data from three
Number of Surveyed Households 193 . = Gusinesscone? villages (with poor, average,
Number of Households Interviewed 40+ . I SE‘;CC‘SJZZ”" -
with apen-ended guestions) Analys es. ool Forerons SR and rich land resources
Legend Number of local - | o Fehmancon? respectively) were used to
government officials 10+ N DA _
. v & scientists interviewed & ForesthcomeP validate the model and
ery low i @ CropincomeP
_— o000 ¢ answer the research
- Medim Rep resentl n g Wel I -bel n g at th e h O useh O I d Ievel oo ShazhouTou ZheJinagYiMin Fanjia ZhouJiaQiao  ZhangJia DaWuPan TaoJiaKan HuXialLi A , N Land'use'”ght queStlonS.
High  — . . 4 SCOUEUCAVEWGE (1) Multiple macro-patterns as
_ _ _ Livelihoods and Income Diversity observed
Very high
Y hig Well-being Variables i N Maior land o
' e ) © < .__\ Managed (i) bajor ag -use change as
: : : | _ Exposure Flood-Risk Zone i Land-use-right observe
Township boundary Land use Population density Flood-risk zones _ o - Distribution of development Rental Price ;?Qland (iii) Relations between land-

use-right rental prices and

Sensitivity Income Composition in: 1
For each town (total of 298): Farming Income "] level among households Agri-income Agri-output / other factors as expected
. . Off-farm Income o H‘w - "’m oer Workday er Unit Area

Frequency

Percentage of land in high flood risk zone Flood-Risk Zone Area of Land Population Area of Farmland

Percentage of farmland in high flood risk zone Low risk 63.3% 68.2% 73.8% Development Income per capita "MHH WMHH N 1] H H
Percentage of population in high flood risk zone . . Level T | . | | | . . .
J POp J Medium risk 7.4% 8.6% 15.5% 0 5000 10000 15000 20000 25000 30000 Ag”'prOdUCt Prices on World Market
Assessment Results; Ml ma o B2 the orocess of urbamization o Qe opion st Some Experiments
. . . e process of urbanization . . eeason 1 P
Land, population and farmland in each flood-risk zone P Evaluating Options one-season rice & 70 1 V2: average
<0 : Special government I Way l - R )
Legend p— 2 govern » ) . Compare effectiveness of policies looking at: 4 farmland
abor Marke 0 v ~ .
EXpOSUfG, SeﬂSItIVIty Policie . Have skils to grow ﬁ Close to urban centers? [Have.suffici.enteduca.\tio_n ][ Have investment (l) The End State Of the SyStem Improve = i x\w»"\/‘v"“—-\/\\/\
- gratio Of-farm Work Options dustria grati higher-return crops? , or skills to find work in city? capital? (Changes by policies compared to an initial period with no policy) ment of :Z J\//J .
— s v [ spectal kinds ] T ||| (I1)The Trajectory of the System outcome 5 1 —Agi Production
2.1 [Salary-based Work] Rural Household of natural resources? l l l Welfare policies YN Special governmen t (EaCh stair UD s 2 10% Change) variables 30 7 W —=Total Income
— e crarrs i 2 ol s Y e e — o 9 crgioicton LA —t e
' Risk taking s o resources? Can children be y = . 15 - —Pct. Two-Season Rice
l‘ iy Education m Off-farm work & temporary taken care of? ; ) : B Totallncome
: . .2 Community Characteristics | f1ardworking 8 = — work : Can acquire ® =] —Pct. Area Top 10
B Social capital/Location ﬁi?;ﬂﬂ;;}{;““re g vy Land Po"j:'Les v Add options enabled Social l Y investment capital? J i PctAreaTopl0 S =N
itivi - ; S 4 Skills = Agricultural work b ial | connecti‘mfs Y 3 0 - k ' . o
EXpOSuUre - pct of land in high risk zone SenSItIVIy Population J— j 3 Agricultural Options ?Eevgli::t?:; mi‘:smg 2 8: Can sell? ] rgsi?,iz;as et La“°"°°"j':‘is v vy Y i B PctTwoSeasonRice 5 88 rg%%gg%gr%%g%@g
; . - - Vegetable Cultlvatlon PCombine feasible 0;)tions. E otdl e and Area l Y Can acquire use rights? Can take high risk? 0 B CultivationRate 2 .
. i T y 1 Subsidy to long-term renters (YUAN per
arge ecia i v
Development Level % Lanc Note: The vertical lines on the graphs represent the amount of subsidy
e ak ihood Agricufiura ubsia — - . . to renters that makes the total subsidy to a village about equal to what
® IstQuartle (4-11) s *® | (”I) COSt! Beneflt & Falrness it receives under the current policy. The symbols x indicate the change
@ 2nd Quartile (12 - 15) Note: texts in [talic style indicate where policies or - . . in the state of the system resulting from the current policy.
P (16.- 21) Natural Environment special government programs have an influence. I\/I aJ O r I n S I g h tS ]
option se
@ 4th Quartile (22 - 30) ] ] ] ¥ Not feasible for most households. || || >The current policy of subsidizing rice cultivation may have done little good for rural development; is not a fair policy in
ik M aJ O r' F| n d | n g S " that farmland-rich places receive a lot more subsidy than other places; produces immediate and short-term effects.
Education - et with high school diploma Overall Well-bein o o _ _ _ _ o > The rental policy appears to have apparent advantages in promoting rural development over the current policy. It is
INCOME - Pet spending 50,000yuan+ in housing Health - infant mortality rate g » The majority of rural households are limited on feasible options. One important constraint on their livelihoods comes from the expected to move the agricultural system to a more desired state with less cost in most places. It is more socially fair by
| current small land holdings and land right insecurity inherent in the current short-term land-use-right exchange contracts. making every household in farmland-poor places better off. It is also expected to create the potential for continuous

Exposure Sensitivity Development  Possible Implications for Different Types of Towns »Some household characteristics (especially human and social capital) and local factors (location relative to urban centers, richness | | improvementin the agricultural system.

Human Life Land Use Level in natural resources, and social capital of a village) contributed to the variations of well-being between rural households. » The rental policy IS unlikely to improve the agricultural _system in places with rich farmland resources (much less costly
High High Low Candidates for wetland restoration or natural reserves A _ _ _ _ than the current policy, though) where other types of policies or programs are needed.
T S Induce or help beoble miarate avwav in the lona run » The livelihoods of most rural households in P_LR are not greatly affected by flooding due to large p_roportlonS of oﬁf-farm INcoOme, »The rental policy’s effect in increasing rural income is expected to be small across places. Rural development in China
= - 3 o gg D J Juch Y1 tural J t' but poor households are most affected by flooding because they commonly have a small-scale farming-dependent livelihood. is tightly linked to and depends on the industrial sector’s growth.
= = = Eromc_) < doo I amage-re ;'C”'Ogag”ﬁu uc;r_a PTactees Jinal »Those households in farmland-poor villages have double development disadvantages because their farmland is usually protected »>While continuing to promote the development of the industrial sector, the government may use subsidy size for long-
xamine deve opment care_ ully & make adjustments accordingly by poor-quality levees that are constructed and maintained by local people term renters as an instrument to effectively stimulate land rental markets and control the degree to which farmland is
L L Look for reasons seriously in the human system ' concentrated in rural areas to keep agricultural sector development synchronized with industrial sector growth.
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