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AIMES : Analysis, Integration and Modeling of the Earth System 
Past Achievements & Future Plans 

 
Summary 

The International Geosphere-Biosphere Program's "Analysis, Integration and Modeling of the Earth System" 
(AIMES) activity has developed and championed the notion of Earth System Science (ESS). ESS studies how the 
planet operates as an integrated system of interacting components, producing emergent behaviors over and be-
yond the dynamics of the individual parts. This perspective has now moved into the mainstream of GEC research, 
in part because of the success of IGBP-AIMES and its forerunner (IGBP-GAIM) and partner projects (e.g. WCRP-
WGCM).  

ICSU’s sponsorship of global sustainability science is transitioning to a new framework, called “Future Earth”,  
(http://www.icsu.org/future-earth), which is to provide the information required for sustainable management of 
the Earth system. This implies including humans as fully interacting components of the Global Earth System, rather 
than as external drivers of environmental change.  AIMES hopes to play a key role in this important endeavour. 

1.0 INTRODUCTION 

The International Geosphere-Biosphere Program activity, Analysis, Integration and Modeling of the Earth System 
(AIMES) has championed and developed the notion of Earth System Science (ESS). ESS studies how the planet op-
erates as a coupled system of interacting components, which produce emergent behaviors over and beyond the 
dynamics of the individual components. This perspective has been slowly moving into the mainstream of global 
environmental change research over the last decade, in part because of the success of IGBP-AIMES, and its fore-
runner (IGBP-GAIM) and partner projects (e.g. WCRP-WGCM). ICSU’s sponsorship of global sustainability science is 
transitioning to a new framework, called “Future Earth” whose agenda (http://www.icsu.org/future-earth) is to 
provide the information required for sustainable management of the Earth system. This requires perceiving hu-
mans as fully interacting components of the Global Earth System, rather than just as external drivers of environ-
mental change.   

Many of the latest climate models to be used in the next Intergovernmental Panel on Climate Change (IPCC) report 
will include not just representations of the physical components of the climate system, but also couplings to the 
biological components of the land and ocean carbon cycle. Serious international modeling of the carbon cycle was 
initiated by GAIM through projects like OCMIP, TRANSCOM, VEMAP, CCMLP and CMIP.  AIMES has been instru-
mental in this advance (Friedlingstein et al., 2006), and in encouraging dialogue between climate modelers and 
socioeconomic researchers to ensure greater consistency in the IPCC assessment process (Hibbard et al., 2007).  

Today, society faces various pressing challenges including climate change, financial crises, food security, govern-
ance of pandemics, and energy sufficiency. These issues are symptomatic of 1) the increasingly global and highly 
interconnected nature of challenges facing humanity and 2) the pervasiveness of Information and Communication 
Technologies – ICT - in all human and societal endeavors.  This interconnectedness makes these challenges increas-
ingly shared worldwide across different nations and cultures but provides a new universe of tools for research and 
engagement. The high level of connectedness of global challenges is putting demands on decision makers to un-
derstand systemic risks for which the available tools – both from science and from policy - provide insufficient 
guidance.  

AIMES, employing the Global Earth Systems Science (GESS) approach, will attempt to seize these opportunities to 
support more integrative and problem-oriented science, and better links of science with stakeholders in society to 
stimulate appropriate policy and societal responses. Tackling global challenges requires an understanding of the 
behavior of connected systems that cannot succeed with specialized disciplines developing insights that may later 
be disseminated to practitioners. We need a continuous exchange with decision-makers and society at large.  

1.2 The Need for a Paradigm Shift in Global Change Research 

The last thirty years of Global Change Research has yielded a patchwork of information about many environmental 
aspects of the current Earth System. That patchwork has many strengths and weaknesses.  Current understanding 
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has been gained through the efforts of scientists mainly working in disciplines, or small clusters of disciplines and 
many challenges and research frontiers exist! Current Earth System Science is insufficiently holistic for the chal-
lenges of today.  While the environment and societal dynamics have been co-evolving together over millennia, 
relatively little scholarship has explored this. Indeed the environmental and the societal domain have until recently 
been seen as separable for the purposes of most research.  Scale, which is the first topic the IGBP explored 
(Rosswall et al 1988), remains a fundamental challenge.  Most of our understanding is gained at one, two or at 
most three scales in time and/or space, and we lack the knowledge to define the time/space scales at which hu-
man and natural systems interact strongly or weakly.  

The Complex Adaptive Systems approach, fundamental for understanding the dynamics in the GESS, has been ap-
plied patchily. AIMES will necessarily adopt a Complex Adaptive Systems perspective that crosses sectors, scales 
and disciplines. AIMES will work to develop an intellectual framework in which human-natural systems interactions 
are intrinsically coupled.  McGlade argues (1995): “There is no natural (sub) system, there is no social (sub) system, 
there are only interactions in an integrated system”.    

2.0 ACCOMPLISHMENTS AND PROGRESS WITH PRIOR SUPPORT: AIMES 1.0 

2.1 Earth System Modeling 

AIMES, with its forerunner (IGBP-GAIM), and WCRP partner (the Working Group on Coupled Modeling, WGCM), 
have been instrumental in the evolution of climate models into Global Earth System Models (ESMs).  AIMES has 
supported the development and evaluation of ocean and land carbon cycle components, and will continue to do so 
through its MAREMIP (http://lgmacweb.env.uea.ac.uk/maremip/index.shtml) and iLAMB (http://ilamb.org) activi-
ties, respectively.  AIMES and its SSC members, have led the development and intercomparison of fully coupled 
climate-carbon models (Cox et al., 2000; Friedlingstein et al., 2006). As a result of these efforts, the next IPCC re-
port (the IPCC 5

th
 Assessment Report, or IPCC AR5) will contain results from ESMs (i.e. coupled climate carbon-

cycle models). Through one of its co-chairs (Cox), AIMES is providing the key assessment of the carbon cycle simu-
lations in these models to the IPCC AR5.  

AIMES has begun to focus model evaluation on the aspects of current climate that matter most for the future, us-
ing the new concept of emergent constraints (Collins et al., 2012). Emergent constraints use an ensemble of ESM 
results to relate an observable aspect of the current climate to an aspect of future climate system sensitivity that 
we need to know. The original example of this related a model’s simulation of the seasonal cycle of snow-cover in 
the northern hemisphere to the strength of its snow-albedo feedback under future climate change (Hall and Qu, 
2006).  

 
Figure 1: Emergent constraint on the sensitivity of tropical land to warming arising from the observed inter-annual variability 

(IAV) in the growth-rate of atmospheric CO2 (Cox et al., 2013). (a) Climate sensitivity of tropical land-carbon (LT) versus the 
sensitivity of the CO2 growth-rate to tropical temperature, for each of the models shown in Table 1.. (b) Probability density 

function (PDF) for the climate sensitivity of tropical land-carbon (LT) derived from applying the IAV constraint to the across-
model relationship shown in panel (a).   
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More recently, a similar emergent constraint has been found relating the loss of carbon from tropical lands to the 
sensitivity of the annual atmospheric CO2 growth-rate to variations in the mean tropical temperature – providing 
an invaluable constraint on the risk of tropical forest dieback in the future (Cox et al., 2013, see Figure 1).  

2.2 The Integrated History and future Of People on Earth  

IHOPE studies the long-term trajectories of integrated human-environmental systems based on archaeological, 
palaeo-environmental, anthropological and historical data. The choice to extend the temporal scale is enabled by 
reducing the spatial scale, and offers the opportunity to observe the following: 

 The very slow, very long-term dynamics, that are not observable at shorter timescales.  

 A much wider range of system states than is observable over the short term.  

 The second order dynamics of the socio-environmental co-evolution: how the dynamics governing that 
co-evolution have themselves changed as the societies involved and their environments became more 
and more intricately intertwined.  

To do this, IHOPE studies how societies of different size and structure have co-evolved with their environments 
over the long time, from their first emergence to their collapse, causing and dealing with environmental change. 
The data and information from the past are then used to build dynamical models of the processes that have 
shaped that co-evolution, and those models are used to learn for the future by experimentally modifying them, 
stressing them and otherwise studying how the dynamics would play out under ranges of different circumstances. 
Comparing these scenario’s teaches us about the structure, strengths and weaknesses of the dynamical systems 
involved, their potential tipping points, and also allows us to study the unintended consequences of different hu-
man responses to any set of circumstances. 

Currently, IHOPE is using the following as case studies: Australian hunter-gatherer societies, small-scale dry-
farming and irrigations societies in the SW of the USA and Northern Mexico, the more complex chiefly societies of 
the Maya area, and the Roman Empire. One of the purposes of the current proposal is to widen the scope of the 
case-studies to such other societies as those of China and SE Asia, the islands in the Caribbean and the Pacific, and 
the circum-Arctic zone. In this manner we will ultimately have a stable of such ‘real-life’ experiments to study. 

The projects for the US Southwest (http://www.ecologyandsociety.org/issues/view.php?sf=46} and Yucatan during 
the Maya area (http://www.openabm.org/model/3063/version/3/view) are the most advanced. In each, we have 
selected a number of hotspots for which recent research on both the environmental and the societal aspects gives 
us sufficient data to build a detailed model. We will here use the Maya case as an example of how we proceeded. 
The Maya model is so designed that it is portable and can also be used for other regions where urban dynamics 
play a part. 

The MayaSim model is constructed using the soft-
ware Netlogo (Wilenski et al. 1999). It examines 
the relationship between population growth, agri-
cultural production, pressure on ecosystem ser-
vices, forest succession, value of trade, and the 
stability of trade networks. These combine to allow 
agents representing Maya settlements to develop 
and expand within a landscape that changes under 
climate variation and responds to anthropogenic 
pressure.  The model is able to reproduce spatial 
patterns and timelines somewhat analogous to 
that of the ancient Maya.  
The simulation begins with calculations of bio-
physical variables for precipitation, water flow, and 

net primary productivity, and these are then used to calculate forest succession, agricultural production, and eco-
system services. Settlement agents interact with the spatial landscape to generate agricultural yield through crop-
ping, derive benefit from local ecosystem services, and generate trade benefits within their local trade network. 
The combined benefits of agriculture, ecosystem services and trade drive demographic growth including migration. 
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By setting the parameters (temperature, hydrology, area available for cultivation, crops, population) differently, 
different scenarios can be elaborated for the evolution of Maya societies. These can, for example, relate to energy 
demand and consumption, as is done below: 

1. High Resources/ Low Demand - rapid adaptations to exploit excess energy 
2. High Resources/ Moderate Demand - Stable period, able to adapt or withstand changes in resources or demand 

3. Moderate Resources/ Low Demand- makes changes 
in social organization, population growth, territorial control 
4. Moderate Resources/ Moderate Demand - unstable 
period, "quick-fix" changes in demand or resources change.  
This band only exists briefly. 
5. Moderate Resources/ High Demand - rapid adapta-
tions to declining supply; consumption of future resources to 
meet needs 
6. Low Resources/ High Demand- highly susceptible to 
any climate, social or environmental 

A regression analysis over three principal factors then gives 
the relationships for different groups of settlements (illustrat-
ed in the figure to the left). Each dot is a city (and the sur-
rounding landscape on which it depends), and the yellow cir-
cles indicate four different bands of energy availability and 

consumption. 

We expect that thus exploring the possible alternative attractors around the historical ‘real-life’ case studies will 
multiply the number of scenarios that we can investigate in order to better understand how we have come, as a 
society, to be in the predicament we are currently in. 

2.3 Integrated Assessment Modeling and Analysis 

Over the last 6 years, AIMES’s Integrated Assessment Modeling activity helped initiate and support development 
of the Representative Concentration Pathways (RCPs), a set of four new pathways developed with the climate 
modeling community as a basis for long-term and near-term modeling experiments in support of the IPCC. The 
approach evolved out of a workshop, held in Aspen, Colorado and sponsored by AIMES and the Aspen Global 
Change Institute (Hibbard et al 2007).  The four RCPs together span the range of year 2100 radiative forcing values 
(in contrast to traditional emission-oriented scenarios) found in the open literature, i.e. from 2.6 to 8.5 W/m2. Ra-
ther than projecting a socio-economic storyline, the RCPs span a range of likely future climate forcings and can be 
analyzed both in terms of 1) the climate impact and carbon cycle consistent with a given radiative forcing, and 2) 
multiple socio-economic story lines that could lead to that degree of radiative forcing and so are far less prescrip-
tive and controversial that the prior IPCC approach.   The RCPs are the product of an innovative collaboration be-
tween social scientists, including integrated assessment experts, climate modelers, terrestrial ecosystem modelers 
and emission inventory experts. The resulting product forms a comprehensive data set with high spatial and sec-
toral resolution for the period extending to 2100.  The underlying integrated assessment model outputs for land 
use, atmospheric emissions and concentration data consistent with the different radiative forcing scenarios were 
harmonized across models and scenarios to ensure consistency with historical observations while preserving indi-
vidual scenario trends. The RCPs are an important development in climate research and are the foundation for a 
great deal of research and assessment, including emissions mitigation and climate impact analysis. 

2.4 Earth System Observations 

In 2010, at the annual meeting of the IGBP Steering Committee, a working group composed of IGBP participants, as 
well as representatives from the other ESSP projects, ESA and other key partners, reviewed the status of observing 
systems and networked observations in the IGBP family of projects - concluding that significant gaps existed in the 
current portfolio of activities in geographic coverage, disciplinary integration and especially in integration of hu-
man and natural system observations.  
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IGBP, in consultation with other ESSP partners, GEO/GEOSS and other key organizations, conducted a study to re-
spond to this gap analysis (Schimel et al 2011: supplemental documents). Earth System Science requires globally 
integrated data, yet currently many distributed programs represent a pattern of investment in specific marine, 
ecosystem, social and climate regimes, with uneven sampling effort distributed over the globe or even continents. 
Certain ecosystems and land cover types are under-sampled (Martin et al., 2012).  

A major conclusion was the need for identifying required observables, and their availability, quality and coverage 
for the societal dynamics to be addressed as part of the integrated dataset. Most of these data are collected at a 
national level, or even a regional one, and the metadata for these datasets are highly variable. The community 
involved is increasingly aware of the challenges this poses, but AIMES will make a major contribution by promoting 
a community discussion of the types of data most urgently required for Global Earth System Science.    

AIMES is currently working to promote an integrated approach to coupled human-environment systems through 
its co-sponsorship of the IGBP-IHDP “Integrated History and Future of People on Earth (IHOPE)” project. This pro-
ject is stimulating cross-disciplinary research to identify the impacts of environmental change on human well-being 
in the past (Costanza et al., 2012). Second, as part of Future Earth, AIMES will use such understanding of human-
environment interactions in the past to inform models of the future (van der Leeuw et al., 2011). In both cases, in 
order to give the integration between human and environmental systems its due, the scalar focus has been moved 
from the global to the regional, as it is at that scale that the different kinds of dynamic interact.  

2.5 Young Scholars Network  

AIMES, in collaboration with the UK, held five Young Scholar’s Network (YSN) workshops 
(http://www.aimes.ucar.edu/ysn/).  The YSN goal was to foster collaborations among Young Scholars on integra-
tive research to better understand the role of humans in perturbing biogeochemistry and climate, across discipli-
nary and geographic boundaries 

The first was held in concert with the National Center for Atmospheric Research’s (NCAR’s) annual working group 
meeting in 2005.  Participating in the three-day meeting were 52 young scientists from 18 countries (Argentina, 
Australia, Bangladesh, Brazil, Canada, France, Germany,Ghana,India, Italy, Nigeria, Poland, Portugal, Russia, Swit-
zerland, United Kingdom, United States, and Zimbabwe). While most participants were involved with the biologi-
cal, chemical, and physical sciences, about one-fourth work on problems involving human decision making (Scholze 
et al., 2005). In 2006, the second YSN meeting brought together city and urban planners, atmospheric scientists at 
a joint conference with the Global Carbon Project on Urbanization and interactions with biogeochemistry and cli-
mate in Mexico City.  In 2008, a follow-on workshop was hosted by Cornell University with AIMES.   

The third YSN, in 2007 was held in the UK on land use modeling and decision making.  This workshop consisted of 
land use planners, resource managers, land cover modelers from the climate community with the goal to under-
stand and identify topics that were important to the decision and resource management and the modeling com-
munities (Scholze, 2007).   

A fourth YSN was held at NCAR on cultural uses and impacts of fire.  Atmospheric scientists, fire resource managers 
and climate modelers from all over the world all participated in this workshop (Coughlan and Petty 2012, This YSN 
resulted in a peer-reviewed publication (Petropoulos et al., 2010). Clearly, this would not have happened without 
the stimulus of the YSN.    

The 5
th

 workshop was held in remote Uxeau, Burgundy, FR to understand historical ecology, integrating biophysical 
and ethnographic evidence at landscape scales.  This workshop consisted of historians, ethnographic scientists, 
atmospheric and climate modelers as well as archaeologists and anthropologists.   

The AIMES YSN has been extremely successful in bridging disciplinary and geographic young, and early career sci-
entific and scholarly communities towards the development and future collaboration of trans-disciplinary under-
standing of Earth system science. All of the AIMES YSN’s required participation from physical, biological and social 
scientist communities as well as the humanities, especially in the 5

th
 YSN.   

  

http://www.aimes.ucar.edu/ysn/
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3.0 PROPOSED RESEARCH: COUPLED HUMAN-ENVIRONMENT DYNAMICS IN THE ANTHROPOCENE 

3.1 AIMES Structure and Future Earth Research Themes  

Worldwide, Global Change Research is undergoing a structural transition, from an ensemble of four Global Envi-
ronmental Change Programs (WCRP, IGBP, Diversitas and IHDP) to an integrated structure, 'Future Earth', that ex-
plicitly focuses on the trans-disciplinary integration of available knowledge and methodologies to answer a specific 
set of questions. From among these questions, AIMES addresses:  

Theme 1: Dynamic Planet 

This theme deals with observing, explaining, understanding, projecting earth, environmental and societal system 
trends, drivers and processes and their interactions; anticipating global thresholds and risks. Specifically: 

a) What are the states and trends of key environmental components such as biodiversity, climate, soils, 
cryosphere, biogeochemistry, air quality, hydrology, and oceans, and in the human drivers of change and the 
social foundations of sustainable development such as population, consumption and technology, wellbeing, 
equality, health, education, human security?  

b) What approaches, theories, and models allow us to explain the functioning of Earth and socio-ecological sys-
tems, understand the interactions between them, make projections for the future, and anticipate critical 
thresholds?  

c) What are the risks of crossing regional to global thresholds and planetary boundaries and inducing tipping 
points and social-environmental crises due to global environmental change?  

d) What kind of integrated global and regional observing systems and data infrastructures are needed to docu-
ment and model the coupled Earth system and the anthropogenic drivers of change?  

e) What can be understood and anticipated about the condition and future for critical zones and biomes such as 
coasts, tropical forests, or polar regions? 

Theme 2: Global Development  

This theme aims to provide the knowledge for sustainable, secure and fair stewardship of food, water, biodiversity, 
health, energy, materials and other ecosystem functions and services:  

a) What are the patterns, trade-offs and options for equitable and sustainable use of resources and land, and 
how can we ensure sustainable access to food, water, clean air, energy and materials for current and future 
populations?  

b) What are the implications of climate change for food, water, health, human settlements, and ecosystems? 
How can climate services and disaster risk reduction reduce these impacts and facilitate adaptation? 

c) What are the links between biodiversity, ecosystems, human wellbeing and sustainable development? 

Addressing these questions will be done through a mixture of existing tools and projects and others newly to be 
developed. The current and future projects of AIMES will contribute to four broad research themes as identified by 
the color coding in Figure 1. Each theme has a balance of relatively low risk elements built on ongoing successful 
AIMES activities, as well as new high-risk/high-gain synthesis activities that will utilize the infrastructure of our new 
virtual institute. The themes are summarized below. 

3.2 Structure of AIMES 

3.2.1 Earth System Observations (Overall lead: David Schimel, Jet Propulsion Lab, USA) 

(Addresses Future Earth Theme 1, question d) 

AIMES will continue the dialogue on next-generation observing strategies and to coordinate with other organiza-
tions that might implement such a strategy (including Future Earth organizations, GEOSS and others) and to con-
tribute leadership from AIMES unique vantage point to these activities.  AIMES goal is not to build or manage ob-
serving systems, but to elicit and communicate the emerging, interdisciplinary and novel observing requirements 
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of Global Earth System Science.  We envision this will be a 2 year activity, leading to a handoff of initial require-
ments to Future Earth, GEOSS and other interested organizations for implementation.  AIMES role in this area will 
be both to 1) communicate emerging observing requirements for GESS analyses and models to the observing 
communities, and 2) integrating GESS observations into new analyses and models. 

AIMES will continue the dialogue on next-generation observing strategies and to coordinate with other organiza-
tions that might implement such a strategy (including Future Earth organizations, GEOSS and others) and to con-
tribute leadership from AIMES unique vantage point to these activities.  AIMES goal is not to build or manage ob-
serving systems, but to elicit and communicate the emerging, interdisciplinary and novel observing requirements 
of Global Earth System Science.  We envision this will be a 2 year activity, leading to a handoff of initial require-
ments to Future Earth, GEOSS and other interested organizations for implementation.  AIMES role in this area will 
be both to 1) communicate emerging observing requirements for GESS analyses and models to the observing 
communities, and 2) integrating GESS observations into new analyses and models. 

Overall aim: Laying the groundwork for an integrated Global System Observation effort  
Deliverables:  

 Year 1: Working group looking at ways to improve integration of environmental and social components of the 
global system. 

 Year 2: Collective paper identifying these gaps and challenges in some detail and proposing the required ac-
tivities to remedy them, as input to Future Earth and other stakeholders. 

3.2.2 Understanding and modeling Planet Earth as a Complex System (Overall Lead: Peter Cox, University of Exe-
ter, UK)  

(Addresses Future Earth Theme 1, questions a, b, c) 

In general, a system is defined as a conceptualisation of a portion of reality in terms of a set of interrelated ele-
ments. In the GES, the elements can be molecules, organisms, geophysical factors, social entities, or other. Each of 
them can be viewed as subsystems including other interrelated elements. The interrelations, interlinkages, or cou-
plings

 
between the elements may also have very different manifestations (economic transactions, flows of matter, 

energy or information, causal relations, etc.). Hence the notion that “the whole is more than the sum of the parts”.  

The functional couplings between human and natural factors are increasingly becoming powerful co-determinants 
of the dynamics of the whole GES, yet our theoretical and empirical tools to address this remain limited.  The obvi-
ous example is the coupling between the impressive buildup of CO2 generated by human activities (fossil fuels 
combustion, generation of aerosols, cement manufacture, deforestation, and others) and global climate change, 
which is in turn reverberating back into human wellbeing.  

Many sources of uncertainty arise in complex systems. Some of them are reducible with more data and additional 
research, such as the uncertainty due to random processes (amenable to statistical or probabilistic analysis), or 
that due to ignorance (because of lack of data or inappropriate data sets, incompleteness in the definition of the 
system and its boundaries, incomplete or inadequate understanding of the system). When we consider the com-
plex ES, it is clear that those sources of uncertainty can be insurmountable in practice Sources of uncertainty aris-
ing from chaotic and computationally irreducible behaviour are reviewed in Beckage et al 2011), How to deal with 
this kind of irreducible uncertainty is one of the significant epistemological challenges of ESS (Gallopín 2004). 

AIMES will continue the development and use of Earth System Models as a tool for understanding complex dynam-
ics through CxMIP (Coupledx Model Intercomparison Program, x = carbon, climate, communities…), increasingly 
focusing on the simulation, analysis and evaluation of emergent behaviour (as described above).  Coupled carbon-
climate, in future models, human-environment and other emergent phenomena will be compared to observations, 
and in addition, gaps in our observing portfolio that limit our ability to evaluate emergent behaviour may emerge 
from this activity, and will serve to inform the Observing activity (below).   

IGBP-AIMES, and its forerunner IGBP-GAIM, has been instrumental in the identification of climate “tipping points” 
that could result in abrupt and/or irreversible changes (Lenton et al., 2008). AIMES will continue to promote re-
search on tipping points, with the goal of providing techniques that could be used across the whole-range of disci-
plines that will contribute to Future Earth - from the economics of market crashes to the dynamics of human mi-



8 
 

gration.  An intriguing research question is the possibility of the existence of “social tipping points” and whether 
they can be identified and, more fundamentally, of the potential for socio-ecological tipping points (and elements).  

Overall Aim: Constraining projections of future climate change, identifying tipping points and other instabilities in 
the Earth System. 

 
3.2.3 The future of IHOPE (Overall lead: Sander van der Leeuw, Arizona State University, USA) 
(Addresses Future Earth Theme 1, questions a, b, Theme 2, a, b, c) 

The example of the Maya work described in Progress with Prior Support above is a first attempt to move beyond 
learning from the past to learning for the future (van der Leeuw et al., 2011) about the complex adaptive system 
that is Earth, at the regional scale. Our first tasks in the current project will therefore be: 

 To widen the set of case studies by completion of the modeling of the case studies on Australian hunter-
gatherer societies and the Roman Empire, and addition of examples from the circum-Arctic and South-East 
Asian tropical areas, and for island societies (in the Pacific). We will do this by linking up with the NABO 
(McGovern, PI) , Greater Angkor Project (Fletcher, PI) and two Oceanian projects (Kirch, PI) respectively. 

 Other suitable linkups will actively be promoted, with the aim of having the widest possible coverage of differ-
ent environments and different kinds of societies, from the tropics via the temperate zone to the Arctic, from 
hunter-gatherers to urban societies, and both island and continental cases. 

The second set of tasks will concern the exploitation of these models to better understand the general nature of 
such regional complex adaptive socio-environmental systems. 

 To evaluate the models against existing datasets, in particular by comparing model-based with data-based 
reconstructions of past trajectories in similar circumstances 

 To compare and experiment with the models in order to identify (a) general dynamic trends (second-order 
dynamics), (b) evaluate alternative scenarios in each case-study, and (c) look for the unintended consequences 
of systemic 'decisions' made, which later led to challenges. 

 Link the results of these steps to some of the IAM models (below) in order to (a) show some of the under-
standing that is gained by looking at the IAM cases over the long term, and (b) see which (and how) insights 
derived from the long-term studies may contribute to our understanding of the future of IAM's. 

Overall aim: Developing theory and specific techniques for applying knowledge gained from historico-
environmental research to future conditions 

3.2.4 Integrated Regional Assessments (IAMs) (Lead: Kathy Hibbard) 

(Addresses Future Earth Theme 1, questions b and e, Theme 2, questions a, b and c) 

Global IAMs have produced scenarios based on policy assumptions that provide insight into technological, eco-
nomic and environmental outcomes based on alternative assumptions about policy choices, population growth, 
technology and so on. There are not now components of the global IAMs that account for human beings as socially 
and culturally operating agents in the Earth System.  Developing and accounting for these human cultural and non-
optimal economic behavior is a top priority for the AIMES contribution to Future Earth and we will pursue this 
largely through the development of a family of regional IAMs, at scales closer to the human decision-making and 
cultural scales than global models can easily achieve.  Collaboration between this project and IHOPE scales will also 
allow us to integrate historical dynamics and better learn from the past that is possible presently. 

We will do this in collaboration between IAM teams working in various parts of the world to answer questions con-
cerning the impact of climate and other environmental and societal factors on a region, its population, its economy 
(business and agriculture), in the context of regional cultural characteristics. Hence, they will provide solution- and 
decision-making oriented deliverables that integrate with and account for regional socio-economic and cultural 
needs. They will also offer an opportunity to compare both across various modeling strategies and conceptions, 
and across scales (e.g., how important is a regional analysis) and thus to improve the quality of regional IAM's and 
their intersections with climate and environment.  

Currently, the following regional integrated assessment activities are early examples of the type of projects done 
to date, as a foundation for future work: 
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1. Climate Impact and Assessment Center for Arizona (at Arizona State University). This Center will provide 
place-based services and products to address climate variability and uncertainty, merging research-based cli-
mate information and practitioner knowledge for decision-making in arid land urban centers of the United 
States and the world.  

2. The Global Change Assessment Model (GCAM), developed and maintained by the Joint Global Change Insti-
tute (JGCRI), is developing a regional capability for the 50-states in the United States. The emphasis of this 
work is to develop a 50-state electric, energy and demographic data system that can be used to evaluate poli-
cy implications in any combination of the 50 states.  

3. Impacts of Climate Extremes on Ecosystem and Human Health in Brazil (PULSE-Brazil), is a project funded by 
the UK Natural Environment Research Council (NERC) and led by AIMES co-chair, Peter Cox. PULSE-Brazil will 
develop a Geographical Information System (GIS) to enable scientists and policymakers to visualize data and 
model relationships between, climate, ecosystem function and human-health in the Brazilian Amazon.  

AIMES can provide the coordination to extend the regional IAM capability outside the US on an international level.  
Developing a regional capability based upon existing global IAMs will require the acquisition and archival of re-
gional data that currently are not available, nor often, easily obtained.  Many data that are required for energy-
economics are proprietary (such as energy operations models), and data sets that describe cropping systems, mi-
gration, demographic processes can be difficult or impossible to verify.   

Overall aim: Create a suite of regional IAMs, of which some are capable of modelling long-term historical trends 
and all are capable of projecting scenarios into the future.  

3.2.5 Young Scholars Network (Overall lead: Marko Scholze, University of Bristol, UK) 

(Addresses Future Earth Themes 1 and 2) 

With the extensive network developed under the first phase of AIMES, this proposal seeks to develop a virtual ca-
pability for existing and new topics of YSN scholarly activities. We intend to build on this to foster a new generation 
of climate and environmental change scholars who are equipped to take a complex adaptive systems perspective 
to the topic and help improve our capacity to find appropriate solutions to the challenges of environmental 
change. 

AIMES IMPLEMENTATION AND MANAGEMENT 

The project has the following components and key positions: 

1. The project's Science Steering Committee will coordinate the AIMES program, identify activities (workshops, 
working groups and projects) and participants, allocate resources (travel funds and post-doctoral support), 
and provide project governance. The steering committee will also serve as a forum promoting interdisciplinary 
conversations with regards to building better mechanisms for information and analysis sharing.  The SSC is led 
by Dr. Peter Cox, a leader in Earth System Modeling and climate change assessment and an IPCC lead author, 
and Dr. Sander van der Leeuw, who has long worked at the interface of social and natural science and is an 
experienced science leader and manager as Dean of the School of Sustainability at Arizona State University.  
Other working groups within AIMES are led by Dr. David Schimel, founding director of the Max-Planck Institute 
for Biogeochemistry and former NEON CEO, Dr. Kathy Hibbard from Pacific Northwest National Lab, and for-
mer AIMES 1.0 Executive Officer and Dr. Marko Scholze from the University of Bristol in the UK, and a key par-
ticipant in the YSN during AIMES 1.0.  Other SSC members bring strong experience in interdisciplinary and col-
laborative science, and as leaders in Earth System Science worldwide. 

2. The IPO serves as the main point of contact for the large, international AIMES network, coordinates joint re-
search and synthesis activities, organizes major high-level workshops and conferences, arranges travel, and 
reports to the Science Steering Committee Chairs.  The Executive Officer and staff will also be responsible for 
developing an outreach strategy intended to reach broadly into the community through the Web and other 
media.   
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Composition of the AIMES Scientific Steering Committee 

 

Person Role and activity Institution and international co-
sponsorship 

Expertise 

Sander van der 
Leeuw 

PI & Co-chair 
IHOPE 

Arizona State University, USA Human-Environment iHOPE 

Peter Cox Co-chair 
Modeling Planet Earth 

University of Exeter, UK  Earth System Modeling 

David Schimel Ex-officio 
Observations 

Jet Propulsion Lab, USA Biogeochemistry Ecosystems 

Kathy Hibbard Ex-officio 
IAMS 

Pacific Northwest Nat Lab, USA IRAMs 

Almut Arneth SSC member  
Modeling Planet Earth 

Karlsruhe Institute of Technology, 
Germany  

Land-atmosphere 

Ana Paula Aguiar SSC member  
Modeling Planet Earth 

INPE, Brazil Land systems modelling  
Socio-environmental systems 

Gilberto  
Gallopin 

SSC member 
IAMS 

UN Economic Commission for Latin 
America and the Caribbean  
- Argentina 

Human-Environmental Com-
plex Systems 

Govindswamy  
Bala 
 

SSC member  
Modeling Planet Earth 

CAOS – Centre for Atmospheric and 
Oceanic Sciences – India 
 

Geoengineering, climate 
modelling, RCPs, Global Hy-
drological Cycle 

Jae Edmonds SSC member 
IAMS 

Joint Global Change Research Insti-
tute, USA  

IAMs 

James  
Randerson 

SSC member 
Modeling Planet Earth 

University of California, USA Land Ecosystems, iLAMB 

Kiyoshi Takahashi SSC member 
IAMS 

NIES, Japan  IAMs 

Lisa Alexander SSC member  
Modeling Planet Earth 

Climate Change Research Centre, 
University of New South Wales 
 - Australia 

Variability mechanisms of 
extreme climate events 

Mark Rounsevell SSC member 
IAMS, IHOPE 

University of Edinburgh, UK  Land-use Change 

Marko Scholze SSC member 
YSN 

University of Lund, Sweden  Carbon Cycle, YSN 

Patricia Pinho Ex-officio, IHOPE INPE, Brazil  Socio-Ecological Resilience 

Taka Hirata SSC member 
Modeling Planet Earth 

Hokkaido University, Japan  Ocean Ecosystems, MAREMIP 

Tim Lenton SSC member 
Modeling Planet Earth 

University of Exeter, UK  Tipping Points Earth System 
Dynamics 

Victor Brovkin SSC member 
Modeling Planet Earth 

MPI for Meteorology, Germany  Palaeoclimate 

 
Table 1: AIMES Scientific Steering Committee (SSC) members as of May 2015, including their home institution and 
key areas of expertise. 


