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Abstract 
The increasing range and complexity of global-scale 
problems call for both interdisciplinary approaches and 
ever-increasingly sophisticated modeling tools to use in 
analyzing issues and forecasting potential issues and their 
resolution. This study has focused on the Indian 
subcontinent (India, Pakistan, and Bangladesh) as a 
developing region with essential roles in the global issues of 
climate change, terrorism/national security, and overall 
economic development and well-being. The research is 
integrating the domains of social conditions, technology, 
environment, climate change, food security, terrorism, and 
national security. In a new modeling space developed in 
STELLA®, researchers are drawing upon three existing 
models (MiniCAM, EPIC, and VRIM), adding governance 
and societal factors, and focusing on integrated issues such 
as the expansion of biofuels production. The working 
prototype draws on all of these models and knowledge 
domains to address issues relevant to analysts and 
policymakers re tradeoffs in food and fuel security in 
biofuel production.  

Overview of the Challenge   
Globalization collapses the boundaries between political, 
economic, and sociocultural domains. No longer is it 
possible to specialize in one of these domains without 
accounting for the others. Popular books such as The Lexus 
and the Olive Tree (Friedman 2000) point out the 
inextricable connections among ideologies, consumer 
products, and geopolitics, while in scientific realms calls 
for integrated analyses abound. Researchers who wish to 
contribute to human well-being and address real-world 
issues must increasingly cross disciplinary boundaries and 
tread in interdisciplinary territory. And the complexity of 
global systems (whether truly increasing or simply 
increasingly recognized) demands new computerized tools 
to represent important factors of these real-world issues. 
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 Nevertheless, most research is still conducted within 
disciplinary boundaries or across only closely related 
fields. Models are thus structured and exercised to address 
questions about economics OR crop yields, for instance, 
even though the two have obvious connections. 
 The push for interdisciplinarity and the drive toward 
computer-based tools can productively meet in an 
approach that uses the tool space as the way to integrate 
disparate domains of knowledge and define their 
interconnections. This is a guiding concept in the current 
research effort. 
 This research team is tackling the problem of integrating 
and modeling connections and interactions among 
domains: natural resources (agriculture, water resources, 
and unmanaged ecosystems), energy and economics, 
national security (especially with regard to food and energy 
security), and governance and culture, all under conditions 
of climate change. Understanding the connections among 
these domains is crucial to predictive analytics in a world 
that is increasingly globalized and where issues like 
climate change have a global scope. To date, a proof-of-
concept model has been developed. 

Specific Region  
To anchor, to “ground truth” integration, the research team 
focuses on the Indian subcontinent: India itself, Pakistan, 
and Bangladesh. Joined by history and geography, divided 
by ethnicity, religion, and governance, at least two of these 
three countries are in some senses failed states, but 
tremendously important geopolitically; and they are among 
the most vulnerable areas in the world to climate change. 
 India, a major developing country, is a multi-ethnic state 
that deals with internal and external conflicts related to 
ethnicity, religion, and caste, all of which contribute to 
economic and social inequality. Sixty percent of India’s 
people depend on agriculture and thus on a more-or-less 
stable climate. Therefore, they are very vulnerable to 
climate change. The democratic government is attempting 
to address these issues, and India’s economy has achieved 90
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strong growth overall, although many citizens have not 
benefited from this growth. 
 Pakistan is highly significant, at least to the United 
States, with respect to terrorist activity, especially in 
Afghanistan and Iraq. Governmental volatility has 
increased Pakistan’s visibility and concerns about its 
ability to combat terrorism within its own borders. 
Meanwhile, its aging irrigation system accounts for a 
significant fraction of GDP, and issues of water sharing 
between India and Pakistan will likely worsen with climate 
change. Governing institutions are in a precarious state, 
needing maturity, expansion, and effective leadership. 
 Bangladesh is particularly noteworthy in its vulnerability 
to climate change, with about 30% of its land flooded 
annually, rising sea levels, and a claim that India is not 
fulfilling its agreement to provide river waters (increasing 
the advance of the saline front). Despite steady economic 
growth and increasing agricultural productivity, most of its 
citizens remain mired in poverty and insecurity. 
Bangladesh is heavily dependent upon foreign aid and the 
efforts of internal nongovernmental organizations for 
infrastructure and development projects and disaster relief. 
 So their current situation and prospects for the future 
demand helpful tools…the kinds of tools that integrate 
knowledge from various domains and cast a wide net for 
that knowledge. 

Existing Models 
To integrate domains of knowledge about these three 
countries, the research team is starting with three existing 
models designed to examine (1) greenhouse gas emissions, 
climate change, and mitigation scenarios; (2) agriculture 
and ecosystems; and (3) social and environmental 
resilience to climate change. All of these models have been 
exercised in multiple studies and been subjected to full 
uncertainty analysis. Each addresses specific aspects of the 
climate change issue; because they are disparate in 
structure and scale, it is difficult to add other domains to 
any of them. For instance, the economic paradigm that 
structures MiniCAM has caused problems in accounting 
for land-use change and agricultural production, which 
respond to many non-economic factors and constraints.  
 · MiniCAM, an integrated assessment model of 
moderate complexity in its component parts, focuses on the 
energy and agriculture sectors. The MiniCAM incorporates 
a reduced-form climate model to calculate the global-mean 
temperature and sea-level consequences of emissions 
scenarios, which are then passed to the agriculture and 
land-use module, which simulates food and fiber supplies 
and demands along with associated emissions and land-use 
changes. Technologies that reduce emissions are also 
modeled (Brief Description 2008; Kim et al. 2006). 
 · EPIC [Environmental Policy Integrated Model], a 
watershed-scale biophysical model capable of simulating a 
wide array of agricultural management as well as non-
agricultural land uses such as tree plantations, grasslands, 
and biomass crops. Within the Joint Global Change 

Research Institute (JGCRI), EPIC has been used to analyze 
agricultural productivity in response to interannual climate 
variability in the conterminous United States, and climate 
change in the conterminous United States and the Huang-
Hai Plain of China (Thompson, Izaurralde et al. 2006, 
Thomson, Rosenberg et al. 2005). 
 · VRIM [Vulnerability-Resilience Indicators Model], 
which aggregates a number of social and environmental 
proxy values into sectors, then into sensitivity and adaptive 
capacity values, and finally into a resilience index. 
Developed at JGCRI, VRIM provides comparative analysis 
of an area's social-ecological resilience with regard to 
various stressors; the set of indicators can be modified or 
expanded to address particular concerns (Brenkert and 
Malone 2005; Yohe et al. 2006a,b; Malone and Brenkert 
2008). 

Additional Factors 
To the existing model building blocks the scientific team is 
adding knowledge about governance and social capital/ 
civil society. To date, many of the connections between 
climate change impacts and human security issues 
(including conflict) have been made via narratives. For 
example, "water wars" stories have connected projected 
water scarcity with armed conflict, and "environmental 
refugee" stories have connected climate change conditions 
with privations that drive people from their homes and 
perhaps across international borders, resulting in massive 
social problems. Thus, one purpose of integrating 
governance and social capital/civil society with other 
forms of knowledge is to permit evaluation of potential 
scenarios. 
 Another purpose of adding these factors is that they help 
account for other-than-technical and other-than-rational 
aspects of decision-making. For instance, there are many 
rational reasons why a country such as India should engage 
in emissions mitigation—the benefits of clean, energy-
efficient development, for one, or the opportunity to 
engage in profitable bilateral trading of emissions rights. 
But India maintains its position that the developed world 
must act first; it’s a matter of international equity. Its fierce 
desire to be independent of the West, and other historically 
established leanings, may trump rationality. Or another 
rational national goal—maintaining the pace of economic 
development—may take precedence over climate 
stabilization efforts.  

Issues in Integration  
Drawing on existing, disparate models raises several 
issues. Since the models were designed for different 
purposes and within different knowledge domains, each 
has a different structure and is essentially closed to 
variables and processes that cannot be made conformable 
with that structure. Among the formal issues are those of 
spatial and time scales, and units of analysis. 
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 Spatial scale is a core issue in gathering information 
from these three models in one modeling space. MiniCAM 
is a global model with 14 regions (one of which is India; 
another is Southeast Asia); EPIC works at the field or 
watershed level but can be scaled up to regional, national, 
and even global levels; and VRIM, although in principle 
scalable, has only been used at country and state levels 
(Brenkert and Malone 2005, Brenkert et al. 2006, Malone 
and Brenkert 2008). Moreover, the political boundaries of 
countries (used in VRIM) and regions (country or multi-
country areas used in MiniCAM) do not conveniently 
coincide with the geographical grids used in EPIC. 
 Likewise, timescales are different in the different 
models. MiniCAM runs on 15-year time steps, as does 
VRIM, which uses MiniCAM scenarios. However, EPIC 
runs on timescales of days – a very large scale disparity. 
 Finally, the units of analysis in the models vary from 
dollars to tons of coal, from water inputs to crops to years 
of life expectancy. Such a diverse set of units presents 
huge challenges for would-be integrators. 

Approaches to Integration
Several approaches can be used to integrate knowledge 
domains and/or models of difference domains: developing 
a new “model of everything,” developing interfaces among 
models, running models within a common framework, or 
creating a new modeling space.  

Build Bigger and Better 
It is tempting to build a “model of everything”—scrap the 
existing models or migrate them into another, bigger and 
better model. This model of everything will include 
multiple domains and allow for expansion indefinitely. 
This was the approach taken by the U.S. Department of 
Defense in JSIMS, which was canceled in 2004 after 7 
years of effort and $2 billion in investment. Using rapid 
prototyping can theoretically ameliorate some of the 
issues; however, the time and resources required for 
development of such a model are daunting. 

Interface Development 
Researchers can develop software interfaces among models 
and run them in a coordinated manner; typically, one 
model will be dominant. This is the approach used in 
MiniCAM to include reduced form models of the climate 
and unmanaged ecosystems. This approach works in 
MiniCAM because the reduced form models are not 
actually run; instead, spreadsheets of model results are 
called based on defined emissions scenarios. That is, the 
reduced form models are highly subordinated to the overall 
model. 

Use an Integrative Platform 
Analysts can run the models separately, using a platform 
such as MeDICi (an evolving middleware platform; see 

MeDICi 2008) to coordinate the runs. MeDICi makes 
creating pipelines from heterogeneous, distributed 
platforms easier and enables passing of large datasets. 
FRAMES (FRAMES 2008), allows users to link codes 
under one integrated system using standard data file 
specifications. However, such platforms do not address 
issues that result from paradigmatic differences among 
models that express different disciplinary assumptions. 

New Modeling Space 
Scientists can create a new modeling space that is problem-
focused, drawing data and results from different models 
only to the extent needed to address the problem. Thus, the 
strengths of each model are not diluted by compromises 
with other models’ structures or logics. Moreover, if 
additional knowledge is needed to address the problem, 
this can be accomplished in the new modeling space, rather 
than in pre- or post-processing. Finally, if the new 
modeling space is transparent and flexible, this approach 
allows either connections to reduced form models or 
eventual connections to the “live” models. A disadvantage 
of this approach is that some of the knowledge from each 
model may be lost. 

The Prototype Solution
The research team has chosen the last option, creating a 
new modeling space in which data, variables, and results 
from MiniCAM, EPIC, and VRIM can be combined in an 
integrated, systems theoretical way. This section describes 
the proof-of-concept prototype that focuses on the issue of 
expansion of biofuels in India, thus bringing together the 
domains of climate change, energy security, and food 
security.

The Modeling Tool. We are using STELLA®, a well-
established social science tool (STELLA 2008). STELLA 
is based on systems thinking. Intuitive, visual, and 
dynamic, STELLA offers the ability to develop a working 
model quickly, integrate disparate kinds of knowledge, and 
encompass whole systems that include physical, biological, 
and social aspects. Those who use and run the model can 
increase or decrease the values of certain variables (in this 
case, prices) to examine the results of changing policies on 
the outcome. 
 STELLA models are built with stock-and-flow diagrams 
and causal loop diagrams that can have multiple, 
hierarchical levels. Equations are generated automatically 
and are easily available to the user. The diagram of the 
proof-of-concept prototype for this research is presented in 
Figure 1. 

The Use Case The prototype focuses on the issue of 
biofuels. An analyst (e.g., decision-maker, policymaker, 
intelligence analyst) seeks to understand, first, how 
everything connects to everything else and, second, how 
various interventions could affect the evolution of a 
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complex system. What happens if, to achieve some energy 
independence, a country wishes to provide incentives to 
grow biofuel crops? The energy system and its 
infrastructure will be changed by an infusion of biofuels 
(ethanol may initially be added to gasoline and require no 
modification other than in refining, but eventually 
modifications of vehicles will be required). On the 
agricultural side, land-use changes, both in terms of 
cropland (which may change in extent and intensity) and 
agricultural output (which changes to include biofuel crops 
and potentially decrease quantities of food crops). Prices of 
all these commodities will also change (rising food prices, 
perhaps stable biofuel prices with government subsidies, 
lower prices of energy fuels like oil that are displaced).  

Figure 1. Partial diagram of STELLA prototype examining 
biofuels production. 

 In the prototype, an analyst can explore what level of 
biofuels can be produced without negative consequences, 
such as food shortages and active protests. Land will get 
pulled into biofuels production, but only up to some limit 
(an absolute limit defined by the physical world, or a lower 
limit based on a need for food security). Similarly, food 
prices would likely only rise to some limit. Thus, the 
analyst would be able to understand the potential limits of 
biofuels production under different sets of circumstances. 

Governance Factors. The need to represent highly 
variable factors that are also not easily quantified provides 
yet another challenge in integration and in modeling a 
dynamic system. The knowledge repository developed for 
this research assists in formulating such variables for use 
with more quantitative data such as crop yields, 
greenhouse gas emissions, and so on (Cowell et al. 2008, 
Sanfilippo et al. 2007). 
 First, textual data is collected and annotated to highlight 
relevance, confidence in the findings/conclusions, and 
relationships to other texts. Since most governance data are 
textual rather than numerical, the ability of the knowledge 
database to represent features of textual data is crucially 
important for modeling (Cowell et al. 2006). 
 Second, the underlying tools feeding the repository 
continuously scan social media such as weblogs, online 
forums, and wikis, as well as more traditional media such 

as the online editions of newspapers and newsletters. In 
addition, the database tools provide semantic parsing to 
determine relevance to a first-order analysis; this helps to 
screen for relevance (Sanfilippo et al. 2008). 
 These activities are performed with complete 
transparency to the user – that is, users are still required to 
manually perform the relevance judgments and alignment 
with specific elements of the model. Based on these 
directions, the underlying algorithms learn and aim to 
provide more exact matches next time. 
 Of particular importance is the ability to represent 
changes in policy as responses to outcomes. For the 
biofuels use case, the government makes an initial decision 
to invest in new technology and stimulate its expansion, 
then also responds to negative feedback in the form of civil 
society protests about rising food prices, decisions that 
reduce food production, and worsening nutrition for the 
poor and children. In the current prototype, this negative 
feedback is represented by a “Panic Button,” which 
changes to yellow when less-than-adequate levels of 
protein are provided by domestic food production and then 
to red when the undernourished population is receiving 
close to no protein from domestic production (see Figure 
2).  

Figure 2. User interface of prototype (panic button at right). 

Use of the Prototype. The user can set prices for wheat, 
rice, and biofuels crops in India, then run the model to see 
how much is produced of each crop. The “panic button” 
shows whether or not domestic production of these two 
crops will deliver sufficient protein for both “well-
nourished” and “undernourished” segments of the 
population. In practice, well-nourished people are always 
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fed; the panic button changes from green to yellow to red 
to indicate deficits in the undernourished part of the 
population. The user can stop the model and adjust prices 
to balance levels of production across the three crops and 
achieve domestic food security as well as biofuels 
production. 
 In the next version of the model, the levels of policy 
response could be expanded, e.g., as follows: 
 Background: U.S. citizens spend an average of about 
10% of their income on food. Indians spend an average of 
about 60%, and poor Indians spend about 80%. At some 
level, the government will be pressured to do something as 
food prices and percentage of income spent on food rise. 
Levels could include the following: 
 Level 1: At 10-60% of income, the Indian government is 
very satisfied with the results of its package of investments 
and incentives, and allocates more land resources to 
biofuel crops.  
 Level 2: At 60-80% of income (the current level), the 
government continues moderate investments in irrigation 
and other agricultural improvements to offset declines in 
land devoted to food crops, and increases price supports, 
but continues to encourage the production of biofuel crops. 
 Level 3: At 85% of income, people begin to suffer and 
the media express concern; the government tries in modest 
ways to control prices. 
 Level 4: At 90% of income, there are food riots, and the 
government begins to provide food to stricken areas and 
increases price supports to increase food production; food 
crops become more attractive to farmers, and biofuel crops 
are curtailed. 
 Level 5: At 95% of income, there is starvation and 
migration, and the government institutes massive aid 
programs that are unevenly implemented; energy policy 
becomes less important, and investments are diverted away 
from climate change and energy concerns. 
 However, if ethnic violence breaks out or violent 
conflicts with Pakistan, government responses to food 
security pressures only reach the level below the situational 
level; i.e., if the Level 3 (85% of income) is reached, the 
government has only a Level 2 response because attention 
and resources are being diverted. 
 Note; The percent of income spent on food could be 
determined by internal production; for instance, a 5% 
decrease in production would raise a Level 2 situation to 
Level 3. This may be offset by productivity increases or 
trade.
 Changes in the agenda of the government as well as 
detection of changing levels of proportion spent on food 
and resulting civil unrest may be tracked through 
monitoring of social media, constrained by knowledge of 
historical governmental responses.  

Conclusions and Future Work 
The study has demonstrated the feasibility of integrating 
data and model results from disparate domains (energy, 
greenhouse gas mitigation, economics, agricultural 

production, and governance) to address issues relevant to 
analysts and policymakers re tradeoffs in food and fuel 
security in biofuel production. The working prototype 
brings knowledge from relevant domains to examine the 
level of biofuel production that will both reduce India’s 
dependence on imported oil and preserve progress toward 
the goal of reducing food insecurity. 
 The problem focus in the development of the research 
tool enables researchers to draw upon model results 
without having to account for their disparate structures. 
 In the next phase of the research, the interdisciplinary 
team, with input from peers and prospective users and 
clients, will conduct a review of the prototype and further 
develop it. The limitations of the current prototype include 
the following:  
 (1) It only deals with India, so the team needs to 
determine the roles of Pakistan and Bangladesh, who may 
not be interested in biofuels development.  
 (2) The influences of other countries are vaguely in the 
background; the team needs to consider how external 
influences affect government and other actions. For 
instance, widespread food riots would certainly prompt 
expressions of concern from some allies.  
 (3) Greenhouse gas emissions, a perhaps secondary but 
real issue, need to be accounted for; reductions in oil use 
will reduce emissions, thus perhaps strengthening ties 
between India and other countries, perhaps becoming and 
nationalism issue as well as a controversial (food v. fuel) 
issue.
 (4) The effects on India’s national security may be 
positive (reduced reliance on imported oil) or negative 
(need to import food).  
 (5) This is just one of many issues with climate change, 
food vulnerability, energy, and national security 
dimensions. The team needs to chart a path through other 
issues and the integration that applies. 
 As research proceeds, more of the relevant complexities 
of the global system can be accounted for, thus enabling 
analysts to use the embodied knowledge from various 
domains to explore alternative futures and anticipate 
potential surprises. 
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