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ABSTRACT

FOREIGN AID AND GOVERNANCE IN A COMPLEX ADAPTIVE SYSTEM

Brian Z. Wilson, Ph.D.

George Mason University, 2020

Dissertation Director: Dr. Jack A. Goldstone

Donors and foreign aid agencies have come to believe that ‘good governance’ facilitates 

economic and, by extension, overall development. However, their lack of success in 

identifying what initiatives are most effective in promoting better outcomes is 

discouraging. Conventional linear regression techniques are of limited help due to sample

size considerations which hinder their ability to fully capture the complex effects of non-

economic factors such as the culture and institutions in recipient nations. In this 

dissertation, I develop an agent-based model of governance and development which, 

combined with Monte Carlo simulations, overcomes the constraints of traditional 

econometric analysis. Using 83 development indicators and aid categories for 123 

countries over 15 years, I demonstrate which aspects of governance contribute most to 

development and trace how this relationship changes across different host country 

contexts such as varying regimes, initial conditions, and budgetary resources. By 

examining scenarios based on current foreign aid practice, I determine that in aggregate, 

donors are pursuing incoherent policies in terms of good governance promotion. This 

model identifies how agencies can prioritize aid efforts to better promote good 

governance accounting for the contexts in which the programs must operate. 



CHAPTER ONE: INTRODUCTION

With the ultimate goal of developing and applying an agent-based model (ABM) 

to analyze and inform the constitution of foreign aid policy and good governance 

programming, this dissertation begins with the assumption of the positive benefit of good 

governance on economic development based on the copious arguments in the literature. It

then details the muddled results of much empirical analysis on the topic and makes the 

case of attaining better results by the application of computational methods. Thereafter, it

continues by presenting a new general model and substantively applying it through two 

use cases while building a foundation from which to draw implications, conclusions, and 

suggestions for further development. This brief introduction serves to outline the 

remainder of the dissertation as a succinct preamble to the detailed chapters which 

follow. 

The argument for good governance rests on its universal applicability. However, 

difficulties abound in measuring the amorphous concept, much less its effects and the 

effectiveness of promoting it in varying regime contexts through various foreign aid 

interventions. As good governance involves several interrelated factors that likely interact

with a host of contextual variables in non-linear fashion, empirical work should 

supplement linear methodologies with complex adaptive techniques such as agent-based 
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modeling. Though the adoption of these models is presently shallow, the dearth of 

examples does not preclude drawing important, general guiding principles. Accordingly, 

Chapter two lays the foundation for the ABM which is the primary undertaking of this 

dissertation by reviewing literature and models from which it draws inspiration, including

the Policy Priority Inference (PPI) initiative. 

Chapter three examines the minute facets of the ABM developed for this 

investigation. Inspired by PPI and significantly expanded to include Official 

Development Assistance (ODA) by foreign donors, this complex adaptive model 

explores systemic behavior aggregated from the strategic interaction of agents in an 

environment contextualized using 83 development indicators for each of 123 ODA 

recipients from 2002-2017. Beginning with the data which calibrates the model, 

progressing through the agent behavioral rules, and extending to a narrative of its 

operation, the model specification and computational implementation are discussed fully. 

Simulation and validation results confirm the robustness of the model and its suitability 

to the task for which it was conceived.

Chapter four uses the ABM to examine the role of governance, as measured by 

the World Bank governance indicators, in the development process. In particular, this 

chapter examines hypotheticals regarding the well-known governance case studies of 

Rwanda and Burundi. With thoughtfully constructed adaptations to the standard model, 

the ABM explores the development paths of each country in the presence or absence of 

the governance conditions intuited by the qualitative literature as uniquely responsible for

the present outcomes. Repeated simulations demonstrate that increased good governance 
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levels do indeed contribute to faster achievement of development goals in nearly every 

case, while reduced levels dramatically increase the potential for slower and less 

predictable development. 

Thereafter, using the standard model to overcome sample size limitations to 

econometric methodology, the effects of changes in governance indicators on both the 

duration to improved development outcomes and changes in overall development levels 

are shown to be significant and substantial. Greater positive changes in control of 

corruption, rule of law, and voice and accountability significantly decrease duration to 

improved development levels, while greater positive changes in all dimensions of good 

governance, save voice and accountability, lead to greater positive changes in overall 

development levels. 

The penultimate chapter examines policy coherence vis-a-vis foreign aid 

agencies. Building off of an observation from the previous chapter that a boundedly 

rational approach on the part of agencies does not quite deliver the expected results as far 

as rectifying governance deficiencies in developing countries, this chapter examines the 

extent to which donors are promoting governance and overall development where they 

explicitly intend to by comparing historical data with simulated allocations based on a 

complete knowledge of the political economic topography in each country which has 

been heretofore denied them as part of constructing a realistic picture of interventions. 

Disappointingly, this exercise demonstrates the incoherence with which policy among 

agencies is currently executed. However, in further evidence of the importance of good 

governance, policies that consistently promote overall development and those that 
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specifically promote good governance are found to be coherent with one another in 

nearly all cases. Finally, coherence on the part of aid agencies is found to have a positive 

and statistically significant impact on development. 

In the concluding chapter, this dissertation will draw implications for the field of 

aid policy as well as lay out avenues for future research.  Methodologically, this 

dissertation successfully demonstrates the uses of computational techniques in a field 

which has primarily relied on linear econometrics up until the present. Further, the 

importance of improved governance in all contexts as well as the unique multipliers for 

varying regimes and resources are conclusively identified and proven. Although aid 

agencies are currently incoherent in pursuing their development goals in the vast majority

of cases, this dissertation provides a tool and a technique for rectifying policy failures in 

the future while remaining flexible enough to pursue other avenues of research. Over the 

course of this investigation many tangential issues arose outside of the scope presented; a 

select few are also discussed in the final chapter. 
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CHAPTER TWO: GOOD GOVERNANCE AND AGENT-BASED MODELS IN

INTERNATIONAL DEVELOPMENT

Though Western in origin, the concept of good governance is seen as universal, 

with applicability across cultures and nation states around the world. Representations of 

good governance have come to be understood as regimes based on rule of law, which 

protect human rights, with bureaucracies and executives which are competent and non-

corrupt. At a deeper level than formal institutions, good governance is built on a 

foundation of accountability, stability, effectiveness, and absence of corruption.  

Less a theory in itself, good governance is more a set of vague goals without a 

clearly delineated pathway for achieving them. The argument, succinctly put, is that 

sustained economic growth (development) is fueled by the freedom for individuals to 

remake their world to their own benefit without opportunity costs to others (Goldstone 

2015). Rule of law allows entrepreneurs to build businesses without fear of forfeiting 

their profits unjustly. Accountability means that officials can be removed if their policies 

result in arbitrary or self-interested outcomes. Transparency and predictability assures 

that laws are enforced equally and markets operate fairly. 

Developing good governance is the process of achieving these ends. 

Transforming society to support these ideals is assumed to involve a transition in the long
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term to liberal-democracy and the aforementioned formal institutions. Democratic 

institutions with fair, competitive elections and a restrained executive are best able to 

maintain stability (Goldstone and Ulfelder 2004). Still, history records many instances of 

decades-long economic growth spells without accompanying democratization (H. L. Root

2016). 

Promoting governance in foreign aid policy is so comprehensive that difficulty 

lies in drawing clear distinctions about what program areas are considered governance 

ones and which are not. Unfortunately, over the past 25-30 years, the phrase good 

governance has become a catch-all which encompasses an unrealistically large number of

policy changes and programs aimed at helping development along (Grindle 2017). 

Moreover, the configuration of good governance is unique to each context which is 

functionally impossible to unify across developing nations, leaving the judgment as to 

whether a country embodies “good governance” as completely subjective.

While the logic and widespread acceptance of the good governance paradigm as a

key to development indicates a settled debate, aid agencies still face difficulty in 

translating empirical studies of governance into effective programs in developing nations.

One factor in the debate is undoubtedly the difficulty in empirically measuring the 

concept of governance. 

The most well-known measure, the World Bank Governance Indicators (WGI) 

span six dimensions – voice and accountability, political stability and absence of 

violence, government effectiveness, regulatory quality, rule of law, and control of 

corruption – and are aggregated from hundreds of variables culled from dozens of data 
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sources and organizations (Kaufmann, Kraay, and Mastruzzi 2009). A poignant criticism 

is the overlap among the dimensions potentially resulting in measures which are “noisy” 

at best and wrong at worst, though the problem is universal to governance measures and 

not merely the WGI (Thomas 2010). At the same time, WGI takes no stand as to what 

level of each dimension constitutes “good” governance. With no agreed upon, 

empirically precise, definition of good governance, the remainder of this dissertation will 

equate improving governance indicators (whether on the part of a host country or aid 

agency programs or policy) with pursuing good governance while not asserting any 

specific country or type of regime as exemplifying good governance or not. At the same 

time, the WGI utilize voice and accountability in lieu of democracy when discussing 

political structures in regimes under study. Though some of the empirical works of 

governance which are critiqued in the following paragraphs explicitly reference 

democracy promotion aid, this work adopts a stance consistent with the WGI which does 

not intend democracy as necessary precursor to good governance.

 Though development aid has been found to be more effective where governance 

and policy are considered reasonably good (Collier 2008) and there is little debate that 

increased levels of governance indicators are desirable, linear empirical analysis to date 

has provided little practical policy guidance for donors and aid agencies beyond broad 

strokes which do not account well for country-specific context. This is demonstrated 

through the examples that follow.

Prior to broadening to include concepts such as regulatory quality and rule of law,

governance was synonymous with democracy promotion for some Western aid donors. 
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Finkel, et al were among the first to empirically evaluate the impact of US foreign 

assistance on democracy promotion. Prior to their study, much of the work regarding 

democracy promotion consisted of case studies or large N quantitative studies that did not

isolate democracy aid or focused on particular regions. Using a global data set on USAID

democracy promotion spending by program and by country, controlling for GDP growth, 

region, military grants, and other pertinent characteristics in hierarchical longitudinal 

growth and fixed effects models, the authors found that democracy aid did increase 

democracy as measured by Freedom House and Polity IV scores over the time period of 

1990-2003 (Finkel, Pérez-Liñán, and Seligson 2007).  

Knack, writing earlier, had found no connection between aid provision and 

democratization using a larger sample covering data from 1975-2000. His multivariate 

model controlling for region, initial level of democracy, and other socioeconomic 

indicators found no connection between aid and the Freedom House and Polity IV scores 

over time. Because Knack used the aggregate level of aid provided, and not specifically 

democracy promotion aid, he cautions that this does not mean specific governance 

programs are ineffective, simply that larger volumes of aid per se do not necessarily lead 

to more democratic governance (Knack 2004).

Evaluating several central aspects of governance, a cross-sectional empirical 

analysis found that aid dependence was related to higher levels of corruption, worse 

bureaucracy, and weaker rule of law. Gathering data from the International Country Risk 

Guide (which is subsequently included among the sources for WGI) covering 1982-1995,

these aspects were tracked against aid as a percentage of gross national product and of 
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government expenditures with appropriate instrumentation. Overall, increased aid 

dependence was found to be associated with poorer quality of governance, though this 

does not indicate causation; countries that suffered from worse conditions might been 

granted more aid. Rather, the policy implications suggested by the author entail focusing 

more aid specifically on the task of improving governance (Knack 1999). In another work

extending the analysis but focusing on the same data for Africa, Knack and Brautigam 

found increased aid levels not only debilitated governance but also reduced efforts to 

collect taxes in recipients of large amounts of aid. Their conclusion, far from reducing 

aid, is again that aid needs to be better targeted and selectively delivered to instantiate 

positive feedback loops and not simply replace government responsibilities (Bräutigam 

and Knack 2004). 

Expanding past Knack’s conceptualization of governance by focusing on 

regulatory quality, Rajan and Subramanian found that governance dependent industries 

(ex. manufacturing) in developing countries grow comparatively slower as aid increases 

(Rajan and Subramanian 2007). Using ICRG indicators in OLS and instrumental variable

models which control for total aid and technical aid (not governance specific), the authors

suggest poor governance leads to slower growth in developing countries. 

Busse and Gröning critique Knack and others for their use of cross-sectional data. 

Using a panel dataset and similar methods, however, they are able to confirm Knack’s 

conclusions (Busse and Gröning 2009). Two other critiques are warranted on the 

governance studies discussed thus far. Each study fails to utilize a comprehensive 

definition of governance. The data utilized is generally only a portion of the World 
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Bank’s WGI, as will be covered in the following paragraphs. Secondly, with the notable 

exception of Finkel et al, all studies fail to isolate aid specific to governance 

improvement and only more generally compare whether foreign aid improves 

governance. 

Adopting the WGI framework of six governance dimensions, Asongu and 

Nwachukwu found that increased aid reduced government effectiveness and regulatory 

quality, as well as control of corruption and rule of law. Insignificant effects were 

associated with political stability and voice and accountability in Africa. Using 

instrumental variables such as trade openness and population growth to control for 

endogeneity, their analysis is completed using OLS methodology on African 

Development Indicators from the World Bank. Though using the widely adopted measure

of governance, the authors make no effort to examine governance aid, preferring to use 

total aid as an independent variable (Asongu and Nwachukwu 2016). 

Replicating Knack’s analysis while adopting the WGI framing, Ear used a pooled 

time series cross sectional analysis (such as that previously critiqued) with different data 

and found that the effect was not as pronounced as Knack suggests. After adjustments to 

account for individual types of aid such as technical cooperation, the only consistent 

indicator which suffers in aid dependent countries is rule of law, when regressed against 

total aid flows (Ear 2007). 

While econometrics has undeniably divulged crucial insights into international 

development, however, the conflicting results based on studies using varied and non-

specific measures of foreign aid and good governance concede a gap to be filled by 
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alternative analytical methods. Though numerous measures of the concept under study 

have existed for nearly two decades, the sheer variability of governance indicators and 

the need for additional independent and/or instrumental variables is too great for 

conventional linear methods. Indeed, it can be said without exaggeration that the 

mechanisms and institutions of governance are unique to every sovereign entity. This is 

evident in the flexible model specification and definitional assumptions of the muddled 

results presented. With particular regard to foreign aid and governance, more difficult 

still is predicting the evolutionary change governance will undergo in light of path 

dependence and systematic constraints which are again unique to every nation. 

In considering international development, which clearly exhibits the traits of a 

complex adaptive system, flawed models can result in poor fitting (either over- or under-)

and partial solutions. The complicated view of international development, based on 

mostly linear combinations of input variables producing specified outputs, as opposed to 

the complex view, with multiple feedbacks and high-order interactions, reinforces a 

framework in which the simple application of the right programs and inputs will 

invariably achieve the desired results. Furthermore, the assumption of rational selections 

and actions on the part of all agents in a system creates an expectation of repeatable 

outcomes, belying a more complex reality. Just such assumptions have undergirded 

international development policy for the last 50 years with only mixed results as 

recompense (Easterly 2015).

 Reflecting on the state of foreign aid and governance, Grindle mourns the passing 

of good governance and attempts to establish the framework of “good enough 
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governance.” Because good governance affects every aspect of the public sector and 

institutional change is critical to government, she argues that a more realistic 

understanding of the evolution of institutions as well as capabilities and trade-offs is 

needed to properly conceive foreign aid programs (Grindle 2004). In that vein, this 

dissertation addresses some of the failures of econometrics and develops a computational 

model of foreign aid and governance which attempts not to definitively determine what 

comprises “good governance,” but rather informs policy through a consideration of 

international development as a complex adaptive system and seeks to guide policy to 

improve overall governance levels. While it is no longer controversial to assert the 

overall importance of governance on development, neither the differential effects of each 

dimension nor the possibilities of promoting each through foreign aid, considered in the 

holistic context of each nation, are fully captured through conventional methods. 

Though not without potential pitfalls themselves, computational models are a 

deserving complement (not a replacement) to research into the drivers of international 

development (Kohler and Gumerman 2000). As a precursor to developing a new model 

of foreign aid and governance the remainder of this chapter will review scholarship from 

agent-based modeling and network analysis which will influence and guide the remainder

of this dissertation, after first justifying agent-based modeling as an appropriate 

methodology for this particular complex adaptive system.

Section One: Why Agent-Based Modeling?  

Four major components of complex adaptive systems (CAS) necessitate 

alternative analytical approaches. Firstly, CASs display emergent properties – those 
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properties of systems which are not shared by their constituent components. Local 

interaction is a second unique identifier of CASs, as multitudes of interactions on a local 

level greatly influence the behavior of the system at large, often in unexpected fashion. 

Third, CASs are made of up large numbers of agents. It is out of these huge numbers of 

agents’ interactions that complex phenomena can be studied. Finally, CASs are adaptive, 

meaning that agents learn from the results of their actions and those of their neighbors, 

while the system as a whole also adapts to the actions of the agents interacting inside 

itself (Cederman 1997).

These conditions are especially important to those interested in creating policy 

around models of development interventions. Dealing with complexity in the 

international development aid process centers around the need to thoroughly plan, assess, 

and continually adapt programming to ensure it is fulfilling expectations. Cascades and 

explosions are more natural representations of change than incremental steps and 

governance is inseparable from politics which is itself decidedly non-linear. To mirror the

realities of the world we inhabit and in which policy is made, tools are needed which can 

analyze the organically produced change which actually occurs. Linear models are simply

not conducive to the politics and continual adaption which by necessity characterize 

development policy. 

Agent-based models excel in understanding these types of emergent phenomena 

(R. Axtell 2000). Based on a simple set of rules to govern behavior, agents are allowed to

interact over hundreds or thousands of periods and their individual as well as collective 

behavior and traits are measured and analyzed. Unpredictable behavior can arise, agents 
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can adapt, and social phenomena can be observed. The analytical demands of CASs 

parallel the components of the technique. 

ABM is by definition a bottom-up approach. At it simplest, ABM abstracts away 

most elements of society to leave agents and the environment with and in which they 

interact. Agents themselves, embodying heterogeneous characteristics and simple 

behavioral and decision-making rules, interact endlessly or over a definite period, 

adapting to each other and changing the environment around them. Two key elements 

which differentiate a complexity approach are bounded rationality and heterogeneity of 

agents. Widely associated with Herbert Simon, bounded rationality strikes at the heart of 

traditional economic assumptions. Rather than possessing a global awareness of their 

environment and an unfluctuating set of preferences, humans engaged in rational choice 

are limited in their ability to gather information and exhibit tastes which change over time

(Simon 1955). 

Limited memory and randomization (distortion) further distinguish bounded 

rationality. It is not uncommon for humans to have difficulty recalling events of the 

distant past, mis-remember those events, or even believe something to have occurred 

which in fact did not take place at all. Likewise, humans are of heterogeneous capability 

in decision-making and recall. A logical corollary is that the ability to learn from 

interactions and alter future behavior depends on the capability to remember the results of

past actions which is inextricably linked to the quality of an agent’s memory (Rubinstein 

1998). Agents in these models, like humans, differ in their capabilities and preferences. 
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These differences influence how agents approach decisions and beliefs while being all 

but ignored in traditional methods. 

Though deceptively simple in summation, the rules of ABM allow modeling that 

far closer resembles the complex adaptive systems in which humans operate and make 

decisions than that allowed by linear models. Whereas linear models assume utility 

maximization and fixed preferences (Pindyck and Rubinfeld 2009), ABMs allow agents 

to gather limited information to make boundedly rational decisions and change their 

values based on their surroundings. With thousands or millions of computations 

occurring simultaneously, system-level behavior emerges in unexpected and at times 

unpredictable ways. Understanding how these simple rules give rise to collective 

structures is a central goal of complexity (Joshua M. Epstein and Axtell 1996). 

Though used to explore human behavior such as cooperation (Axelrod and 

Hamilton 1981) and large scale human development outcomes (Abdollahian et al. 2013) 

agent-based modeling is a powerful tool which few development agencies take advantage

of. Using ABM, programs which succeed in some contexts while failing miserably in 

others could be modeled and dissected to identify points of failure. Given the success 

with which ABM models have illuminated human behavior in many fields such as 

primitive societies and segregation (Diamond 2002; Schelling 2006), with proper 

conceptualization and parameters, governance and foreign aid in international 

development has the potential to benefit from this methodology as well. As with linear 

models which lose applicability with overfitting, practitioners should be wary of overly 
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complicated ABM models, as parsimony is often very illuminating (Laver and Sergenti 

2011). 

While intriguing and possessed of many advantages, ABM is also not without its 

drawbacks. Among a few which Cederman identifies are ad hoc assumptions, failure to 

yield unique predictions, fragility of results, and lack of cumulation. It is difficult to 

determine which results are derived from an artifact of code, which are one-off 

occurrences which cannot be replicated, and which are simply a snapshot at some point in

time rather than a true equilibrium state (Cederman 1997). The robustness of a model, 

including the appropriateness of its parameterization and structure as well as the 

replicability of its results, is consequently dependent on the transparency of the 

researcher (Manzo and Matthews 2014). To that end, the model description in the pages 

which follow is as detailed as possible while utilizing Monte Carlo simulation to 

demonstrate the repeatability of results as a basis for interpretation.

As will become clear in the following chapters, the policy horizon this model 

seeks to impact is necessarily limited and concentrated on national level governance (or 

the perception thereof) as measured by the WGI. The model accepts the institutional 

structure and mechanisms already in place, as determined through a time series dataset of

indicators and estimated networks among them, and seeks to re-create the short term 

evolution of each. Implicit in this configuration is the recognition that a long complex 

history of evolution preceded the time period under study. Higher level determinants of 

governance and development (not all change is bottom-up) are at play in each nation 

which are most likely not captured in the decade and a half of indicators utilized for this 
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exercise. Indeed, it is debatable if an ABM could adequately model the centuries of 

history and arrive precisely at the starting point of this dissertation model. Furthermore, 

the focus on national governance is in deference to the availability of data and does not 

preclude the occurrence of deviating local equilibria as the result of sub-levels of 

governance which might occur in reality but are omitted or impossible in the model.  

Potential pitfalls and null findings aside, the direct application of ABM to 

development is in its infancy. Though few ABMs exist which directly study 

development, there are several notable examples of the technique as applied to topics 

directly related to governance and foreign aid including politics and nation building, 

quality of government and institutions, and conflict and cooperation. The next section 

will review relevant models to help illustrate their applicability to governance and foreign

aid before moving on to discuss social networking and its governing role in any complex 

adaptive system which does not rely on spatial proximity for interactions.

Section Two: Agent-Based Models in International Development  

While most ABM’s offer tangible lessons for the construction of models for 

international development, there is one which breaks considerable ground on the pathway

to a foreign aid model. Because of the great significance of this model for this 

dissertation, I will delve into it in considerable detail and dwell on its lessons.

Policy Priority Inference

The field of ABMs in the realm of economic development is sparse, while those 

which examine foreign aid in the context of economic development are nonexistent in the

body of published literature on the topic. One partial exception to this rule is the Policy 
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Priority Inference model recently made public by Castaneda, et al. (Castañeda, Chávez-

Juárez, and Guerrero 2018). As an exceptional example of how to implement complex 

adaptive methodology to investigate development phenomena, it serves as an instructive 

blueprint when considering the addition of the role of foreign aid to the complex 

environment of economic development. 

PPI utilizes a handful of inputs to build and calibrate its model. Firstly, a time 

series collection of development indicators, gathered mostly from the World Economic 

Forum and World Bank databases, serves to measure country level development across 

79 dimensions for 117 countries over 11 years.  This data is clustered into 13 pillars for 

easier analysis, and the countries themselves are further grouped into four categories of 

relative development for cross-country comparisons. The indicators themselves are scaled

to (0,1) and inverted where necessary such that increasing levels correspond to higher 

levels of development. 

A second input, a unique network of indicator dynamics represented by a 

weighted adjacency matrix, contextualizes the interplay among development indicators of

each country. Logically, development indicators influence one another through a system 

of positive and negative spillovers. For instance, education and health are often 

considered simultaneously when discussing country development levels. Increased 

education often correlates with increased levels of general health, though the average 

effect and direction as measured in OLS models can vary from country to country. This 

unique context highlights the distinct circumstances in each country; whereas the 

measures of development are identical across countries, the dynamics which influence the
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levels of each are quite ingrained in the social norms and institutions of each country. 

Networks themselves may appear similar which is a reflection of some general truths 

about international development, such as the correlation of health and education. 

Nonetheless, their direction and weight suffice to render individual context crucial even if

graphical analysis appears to demonstrate similarities, which is not always the case. 

Early iterations of the model used a Triangulated Maximal Filtered Graph 

(TMFG) technique to estimate positive spillover networks among the development 

indicators (Massara, Di Matteo, and Aste 2016). A limitation of the technique is that it 

only produces a matrix of network edges for positive spillovers. Additionally, a method 

of likelihood ratios is utilized to determine the direction of edges, i.e. which indicators 

positively affects which (Hyvarinen and Smith n.d.). Since the publication of the original 

model, subsequent efforts have utilized a method of concave penalized estimation for 

sparse Gaussian Bayesian networks, which has the added advantages of estimating 

weighted networks of both positive and negative edges on high-dimensional data (more 

dimensions than observations) and scales well to large datasets (Aragam and Zhou 2015).

Nonetheless, this is not to suggest that there is an ideal network estimation technique for 

this type of model. Indeed, PPI authors explored various techniques and determined a 

number of suitable variations (Ospina-Forero, Castañeda Ramos, and Guerrero 2019).  

After calibrating the model using relevant data and determining the network upon 

which the computational political economic game is executed, the final step in PPI is to 

define the agents whose interactive behavior will inform the system of development in 

each country. In each variation of the model, there are two classes of agent, a central 
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authority and public servants. Essentially, the former class determines policy priorities, 

sets goals for the indicators, and allocates a budget while the latter executes the policy 

vision with the provided resources. 

The goals set by the central authority, in the basic variation of the model, are the 

values of the indicators at the furthest point available in the time series dataset. Starting 

from the initial values, the central authority allocates its budget (constrained by its actual 

budget as determined by historical data) across the indicators, one bureaucrat for each 

indicator. In terms of scale, each could be thought of to represent a specific government 

department and/or program. Each bureaucrat, in turn, exhibits a certain degree of 

inefficiency (corruption) such that the entire allocated amount of a budget is not directly 

translated into gains for the indicator. 

As in real life, the inefficiency is tempered by the likelihood of discovery, which 

the central authority establishes through the level of its corruption variable, which itself is

endogenous and continuously adapting throughout the process. Likewise, higher profile 

program (higher priorities) are more likely to be more closely monitored. Another 

endogenous variable, the rule of law, determines whether a bureaucrat caught embezzling

funds is actually punished. Simultaneously, both the government and bureaucrats exhibit 

learning behaviors which adapt as they pursue their goals. Thus, the model continues 

iterating through the cycle of allocation, inefficiency, update indicators, etc. until the 

goals are reached and all indicators are greater than or equal to their desired level. 

The ramifications of this model are plentiful. Firstly, it is extremely modular, 

adaptable to numerous types of indicators, networks, behavioral rules, etc. A mild 
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critique on the original model is its almost sole focus on indicators traditionally 

associated with economic development. In viewing development as a more holistic 

measure, a better balance between indicators is a must (PPI has since expanded to cover 

all of the United Nations Sustainable Development Goals). Fortunately, the model is 

entirely agnostic to the type of indicator used. Additional data requires only the re-

estimation of the network. 

Moreover, goals are infinitely adjustable. As the model is described, the goals of 

the central authority are merely the level of the indicators which are attained by the end 

of the time series dataset. However, in subsequent publications, these goals have been 

adjusted to coincide with other country indicators, in essence, for example, to see how 

long it would take Mexico to attain the cumulative level of development of, say, France, 

and further, to see if Mexico is then acting coherently to attain that level of development. 

Indeed, even the decision-making of the agents can be altered to fit a desired 

scenario. For instance, the central authority prioritizes indicators with a large out-degree, 

that is, those which positively influence the greatest number of other indicators; however,

this then assumes that central authority has at least an inkling of how the network in its 

country functions, which is certainly debatable. This can easily be changed to reflect 

simply that a government puts more money towards the indicators which lag behind to 

the greatest degree. 

In the same vein, as currently configured, bureaucrats simply try to get more and 

more benefits before they are caught, which is basically realistic, but could easily be 
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more nuanced. The model currently makes no distinction between those caught and those 

punished, despite having a decision point around indicators of each. 

Despite these mild critiques, PPI is an immense addition to the ABM literature 

and particularly that of economic development. This model has proffered analytic insight 

on policy coherence, policy resilience, and the details of the effects of governance on 

corruption (Castaneda and Guerrero 2018; Castañeda and Guerrero n.d.; Guerrero and 

Castañeda 2019). 

Much of the basic structure and decision-making of this model is adapted into the 

baseline model of governance and foreign aid developed and applied in the following 

chapters. In addition, the critiques leveled here are addressed and managed to suit the 

slightly different circumstances and phenomena under investigation.

Other Models

The following is a review of additional works which involve complex adaptive 

systems. They include concepts which either influence the construction of my own model

or relate to topics which will be harkened back to over the course of the analysis in the 

following chapters, even if some are only tangentially related to international 

development.

Cederman undertook extensive application of complex adaptive methodology to 

international relations. The precarious situation of multi-ethnic societies seeking to form 

a nation state together mirrors that of a society deciding on a new government. Each is an

effective upheaval of the current status quo and a reconsideration of how resources are 

distributed. Cederman identified the delicate balance required between inclusivity on one 

23



hand and total devotion to the state on the other. His work showed that peaceful, multi-

ethnic societies emerged when each side was relatively inclusive towards the other, but 

dissolved quickly with heavy-handed efforts to instill loyalty to the state (Cederman 

1997). 

In addition to his work on nationalism, which showed it was possible to expand 

ABM models to states, Cederman also found it was possible to create cooperation 

between like-minded states in what might be considered hostile environments (Cederman

2001). In seeking to build or grow a perpetual peace in the Kantian sense, Cederman 

successfully replicated a system where democratic peace prevails among those with 

nominally different interests. As in international relations, spatial relations are indeed 

central to the model, but nonetheless, such modeling can be adapted to encourage 

cooperation, good governance, etc. on an interpersonal level, with the ultimate goal of 

building a democratic, responsive state. 

Acemoglu et al. developed a similar line of inquiry on the basis of the observation

that all current democratic regimes evolved politically and socially from authoritarian 

ones. Rather than pursue a model themselves, they established a framework for 

investigating the question of political transition with complex adaptive models. Three key

components to any study are strategic agents, discounting (limited weight on distant 

future events), and an environment subject to stochastic shocks (D. Acemoglu, Egorov, 

and Sonin 2011). Together these influence the balance of power in society, allowing 

future changes in both positive and negative directions.  
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In a previous work, the same authors studied the persistence of bad governments. 

While finding that perfect democracies always lead to the most competent governments, 

it is not inconceivable, and in fact at times likely, that poor governments are able to 

absorb stochastic shocks and endure in spite of incompetence or rent-seeking. At the 

same time, democracies can lead to extremely poor governments as well. Greater 

flexibility on behalf of democracies in the face of systematic shocks increases the 

probability that high competence governments will come to power. Thus, the authors find

that flexibility in challenging circumstances rather than raw competence allows 

governments to endure (Daron Acemoglu, Egorov, and Sonin 2010). Entrenchment is 

clearly an obstacle to achieving good governance, even more so for third party 

interventions. Indeed, such a model is hugely informative when studying means to 

reconfigure incentives for governing elites or instantiating large-scale societal change. 

In the face of these findings, the consideration of complexity must be considered 

essential for planning governance policy. Democracy is clearly not a panacea for 

development issues as incompetent governments cannot achieve an efficient allocation of

resources in the long-term, potentially leading to unrest and additional transitions evident 

in other similar ABMs. As development history shows, implanting institutions has not 

been a successful policy, despite linear models confirming that democracies have better 

sustained economic growth and resource allocation. Computational ABM models are able

to go a long way towards reconciling the two seemingly opposing positions while also 

being able to analyze multiple potential points of failure. 
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To further address government failures and differentiate among institutions of 

government, other scholars have sought to investigate how citizens respond when given a

choice of institutions to live under. Kollman et al. used a Tiebout model (where differing 

jurisdictions compete for citizens) to see how effectively varying institutional 

arrangements allocate goods when citizens have alternative choices. Institutions which 

become more politically unstable as citizen heterogeneity increases were found to 

perform poorly given a single jurisdiction while performing better when there are 

multiple ones due to multiple equilibria. Agents sorting themselves towards their optimal 

allocation can eliminate bad local equilibria to the overall benefit of the system (Kollman,

Miller, and Page 1997). Good governance is often about the common perception, among 

all agents, of a just allocation of resources. Heterogeneous preferences among agents 

means this perception is possible, despite varying levels of allocation in actuality. 

Despite the obvious implications for governance, their work is deficient of several

of the characteristics which Acemoglu et al. deem appropriate to studying governance. 

Namely, the authors do not employ strategic agents, political parties do not have policy 

preferences, and there is no mention of stochastic shocks. Still, the model is informative 

and could conceivably be extended to account for the framework developed by Acemoglu

et al. Clearly, heterogeneity is a driving factor in many cooperation models. As 

governance, at its core, relies on cooperation, an accounting will have to be made for this 

contingency. 

Finally, Epstein models the outbreak of civil violence. This is particularly 

poignant for developing country governance as civil violence is often a side effect when 
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policies do not live up to promises or uneven development leads to new fissures in 

already fragile societies. Epstein tackles two configurations of violence; a general 

rebellion against the central authority and inter-group violence in which the central 

authority intervenes (J. M. Epstein 2002). Though coming to some generalized 

conclusions about early intervention, political tipping points, and the deceptive nature 

developed by revolutionaries in the presence of authority figures, Epstein’s model relies 

on spatial relationships to govern interaction among agents. Still, the approach is novel 

and offers insight which might be more difficult to ascertain with traditional 

methodologies. In a complex adaptive environment which aims to create reasonable 

facsimile of society, a model cannot solely rely on spatial proximity for interactions. For 

this reason, networks will be examined in more detail in the next section.

More concrete international development policy has not been addressed widely 

with ABM models. One exception concerns targeting rural interventions in Nigeria. 

Using two approaches which based decision-making both on economic factors and 

reputation for two separate interventions, the authors found that mass response to 

interventions was negligible, interventions are not the be all and end all of poverty 

alleviation, and there are potential differential effects despite ostensibly similar 

environments. (Saqalli et al. 2011). While the findings are not profound, this work shows 

the presently shallow penetration of ABM into the development field. Indeed, much of 

the work of development agencies is compatible with guidance from ABM modeling, and

while not yet widely adopted, the next example demonstrates its aptness.  
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The World Bank, as arguably the highest profile development agency, gears much

of its current work towards governance. Indeed, its preeminent report was entirely 

dedicated to the subject in 2017 (World Bank 2017). The run-up to the reports’ release 

produced numerous background pieces in the same vein, one of which modeled 

governance and tested three different institutional designs aimed to forestall rent-seeking 

behavior, a key trade off in overall citizen welfare.  The authors experimented with a 

simple game of governance by randomly assigning roles in society between groups and 

policymakers, giving groups the option to contribute to common causes, having the 

policymaker decide how to allocate the combined pot before having the citizens express 

their opinions on the choices made. After replicating a society with weak governance, 

Banuri found that voting was the most effective mechanism (as opposed to punishment or

policy commitment) to constrain policymaker rent-seeking. Gains in citizen welfare were 

directly tied to reduced rent-seeking and not the scale of citizen contributions. Policy 

commitment – where citizens enforced promises from policymakers – also aided welfare,

but to a lesser extent (Banuri et al. 2017). Though conducted with live subjects, the 

findings could easily have been produced through ABM and the study provides lessons 

for further research.

Clearly, much of the current research into governance, such as the World Bank 

example, could be conducted with properly conceived ABMs. From emergent regimes, 

democratic transitions, and cooperation at the state and individual level, to institutional 

choice and arresting civil violence, reasonable guidelines exist to create models which are

relevant, yet parsimonious, and will withstand analysis for ABMs as developed by Axtell 

28



and Epstein. Building on econometric methods, Kaufman’s six dimensions of governance

could easily be incorporated to study variation among countries and plan interventions 

aided by discrete parameterization based on actual data.

Networks

A commonsense extension of governance ABM models is the inclusion of 

networks as the mode of information transmission and interaction (such as that in the PPI 

models). As previously mentioned, many models rely on spatial relationships to govern 

interaction and information sharing among agents. Cederman used spatial relationships to

great effect to study international relations issues. Likewise, neighborhood analysis, such 

as Schelling's segregation model, explicitly relies on spatial distance (Schelling 2006). 

While unquestionably useful in these instances, many of the relationships which are 

under study in governance comprise the exchange of ideas and influence among agents 

which is independent of spatial proximity. Moreover, the tendency to imitate others when

making similar decisions can greatly influence system behavior (Axtell and Epstein 

2006). Because of the profound implications networks can have, any ABM of developing

world governance would do well to include a network aspect. 

If the obvious goal of development practitioners is to implant and develop 

sustained societal norms to benefit the whole of society, a conspicuous avenue to this end

is harnessing the power inherent in networks. More powerful nodes in a network, or a 

country, have the ability to effect more change and dominate policy in a network 

(Mérand, Hofmann, and Irondelle 2011). Power is derived from centrality in networks, 

especially political ones (Kahler 2009), and certain patterns of network ties can make 
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leaders more effective (Balkundi and Kilduff 2006). When allowing the actions of others 

to influence one’s own decisions, in essence allowing observations to overcome private 

information, this concept is labeled herding. When enough of the herd decides to follow a

certain path (which can indeed be the objectively wrong one) the familiar cascade from 

complexity science forms. Similar to the influence effects of networks, particularly from 

nodes which are similarly attributed, is the diffusion of innovations. Innovations can take 

any form, whether opinions, new technologies, types of government, etc. Though 

similarly attributed agents may have the largest effect on other agents and certain types of

relationships are more influential than others, the change in attributes will also change the

network structure, perhaps weakening (or strengthening) network ties that development 

practitioners are seeking to exploit (Easley and Kleinberg 2010). By integrating these 

characteristics into ABMs and allowing them to vary, governance-specific insights could 

potentially be discovered which inform policymaking and allow tailoring to country-

specific circumstances.

Much like the transmission of bacterial epidemics, opportunities for the spread of 

innovations are a function of the contact network – nodes which come into contact and 

provide the ability for diffusion.  By studying the networks through which diseases travel,

epidemics can be arrested prior to mass infections (Eubank et al. 2004). Among society, 

the spread of ideas and behaviors is often referred to as social contagion (Easley and 

Kleinberg 2010). Fluid individual dynamics, which is a hallmark of social contagion, 

does not necessarily lead to positive feedback loops, as the opposite is quite possible and 

does occur. Likewise, the dynamics of agents, known from complexity, do not directly 

30



translate to system dynamics. Though group preferences can change over the course of 

time, this is not always the case. The Condorcet Paradox refers to non-transitive group 

preferences despite individual transitive preferences consistent with emergent behavior, 

which differs between the system and individual levels in complex adaptive systems like 

social networks (Easley and Kleinberg 2010). 

Though these observations certainly hold at the interpersonal level, they are 

likewise applicable at networks of policies, institutions, etc. PPI utilized a network of 

spillover effects among policies to great effect. Because the level of interaction in the 

model developed in the next chapter is of aid agencies and host governments and the 

various departments directly under them, it makes sense to include a similar network of 

channeled effects resulting from funding various departments or programs to account for 

spillovers, both negative and positive, among them. 

As will be seen, the analysis does not focus on the nature of the networks 

themselves, but node centrality and contact networks as a key decision points for budget 

allocations and facilitators of spillover diffusion across the network play a predominant 

role in the behavior of agents in the system to be detailed. Likewise, patterns of network 

ties will be exploited in order to prescribe foreign aid policy in the specific context of 

every country and explore whether, in fact, foreign aid agencies are most efficiently 

promoting their goals across given networks in developing countries.

Conclusion 

Given the demonstrated focus on governance in the foreign aid and international 

development debates and the compatibility of the framework of complexity science in 
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describing the entire development ecosystem, it is clear that complex adaptive 

methodology has the potential to offer great insight, particularly when it comes to 

devising policy in each respective sphere. While no one comprehensive model exists to 

address all international development questions, particular governance and foreign aid 

related questions can be sufficiently addressed when combining theoretical and 

methodological insights from the models reviewed in the previous sections. The next 

chapter will draw on these models to construct an ABM of foreign aid and governance 

before applying it to estimate the effects of governance on overall development in foreign

aid recipient nations. The model will also allow us to assess the policy coherence of aid 

agencies as they seek to both promote the overall development and governance 

specifically through their programming.
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CHAPTER THREE: A COMPUTATIONAL MODEL OF FOREIGN AID AND

GOVERNANCE

Traditional econometric analysis of foreign aid and governance necessarily pools 

country-level data to overcome sample size limitations. This produces estimates of 

average effects, which while generally informative, hinders the generation of context-

specific policy advice. Exploring how outcomes vary across highly diverse contexts is a 

niche that can be filled with computational methodology. Though previous efforts in 

related areas have forged a path forward, the conspicuous absence of investigations of 

foreign aid and governance remain notable. From that starting point, this chapter will 

detail the development of an agent-based model to fill the void, beginning with its 

guiding principles and detailing the data used to parameterize the model as well as its 

computational implementation. Thereafter, stylized facts and validation are presented to 

demonstrated the robustness of the model and its suitableness to examine specific 

research questions concerning international development. 

Section One: Guiding Principles  

This model is built upon the twin pillars of international development and 

complexity theory. As such, a considerable number of concepts converge to form a 

complex, yet logical model of the system under investigation. The most important 
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contributions from the body of international development scholarship are the emphasis on

a holistic concept of development encompassing far more than economic growth as well 

as the potential linchpin role of governance, while complexity science demands 

contextualization, bounded-rationality, and stochastic influence in addition to 

interconnected (through a network) and adaptive heterogeneous agents.

The great majority of econometric analysis of foreign aid and, indeed of 

international development, focuses on economic growth as the primary dependent 

variable, generally measured as changes in real GDP per capita (Burnside and Dollar 

2000; Collier 2008). While certainly important, as a measure of overall country 

development it can be overshadowed or distorted by other factors such as the Gini 

coefficient, which characterizes the extent of equality of income distribution in an 

economy. This has led to the development of indices such as the United Nations Human 

Development Index (HDI) which supplements economic variables with health and 

education dimensions to focus more on human well-being, though its adoption as a 

dependent variable in comparable analyses remains scattered (Stanton 2007). 

Additionally, the perception of how well a country is governed is now also undoubtedly 

crucial to measuring the development of nations, particularly given the efforts and 

expenditures of foreign aid agencies to correct identified governance deficiencies in 

recipient nations over the past three decades.    

For these reasons,  this model considers a wide range of development indicators. 

Totaling nearly four dozen across 12 unique categories, they include the six separate 

governance dimensions from the World Bank, and numerous indicators of well-being. As
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will be seen, those dimensions of governance which directly impact the inputs to the 

system, namely control of corruption, rule of law, and government effectiveness are 

explicitly incorporated into the decision-making structures of the model which allocates 

those inputs. As with all variables in this model, the governance measures are 

endogenous and subject to all the machinations and dynamics of the model itself rather 

than being a static measure applied at decision points throughout. The result is a far more 

comprehensive measure of development overall, while the model retains the ability to 

tease out implications for individual indicators over the course of time.

The same level of specificity is pursued with regard to foreign aid indicators. By 

grouping the spending of all major donors (bi- and multi-lateral, NGO, etc.) into 42 

distinct program areas, the ability to more granularly prescribe policy becomes possible –

something which is vague at best with catchall categories such as economic or democracy

aid. Moreover, including all major donors in any one year not only expands the phase 

space of the model, but hedges against the bias that is proven to exist in individual aid 

relationships throughout history (Dreher, Sturm, and Vreeland 2007; Fleck and Kilby 

2001; Irwin 2000; Milner and Tingley 2009, 2013; Tingley 2010). Further, restricting aid 

relationships would systematically introduce bias by eliminating choices and influencing 

decisionmaking of individual agents non-stochastically, possibly tainting any findings. 

While the inclusion of 83 development and foreign aid indicators provides 

important contextualization for each country in the model, the agents themselves are 

imbued with various heterogeneous qualities which together, fully embrace the principles

of complexity science. Each agent is established with random qualities as far as 
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dispositions to act in certain ways and limited in the information with which each is able 

to make decisions. As experience is gathered, agents are able to better make decisions, 

but are still unable to fully observe the dynamics of the system in which they operate. As 

such they place limited or no weight on distant future events, acting only from cycle to 

cycle towards ambiguous goals. Stochastic shocks serve to hamper the predictable effects

of any one action in the environment, thus satisfying the three conditions of the 

framework laid out by Acemoglu, et al. when using complex adaptive methodology to 

investigate topics such as governance and international development (Acemoglu, Egorov,

and Sonin 2011). Finally, the interaction of agents takes place on and is governed by, a 

network topology of which only one type of agent has even a limited understanding.

Together, the relevant theoretical concepts of international development and 

complexity science parameterize and govern the interaction of agents in this political 

economy game, resulting in the creation of a realistic simalcrum of the system in which 

foreign aid and governance decisions are made. The detailed manifestations of each – the 

historical data which feeds the model and the agent environment – are discussed in the 

next section, followed by a results overview and validation of the computational 

implementation.

Section Two: Inputs  

While the interactions of the agents in the political economy game follow the 

same protocol regardless of the country under study, the parameterization of the agents 

and the calibration of the effects of their interaction, in addition to the network topology 

upon which the game is executed, are individually computed from two datasets, 
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comprised of well-known and well-sourced development indicators and foreign aid 

funding. When joined, they form a time-series dataset for 123 countries across 2002-2017

for 83 variables (41 development indicators and 42 foreign aid categories). A co-

evolutionary network among the variables is estimated using the combined dataset, 

individually for each country, as the primary environment in which agents interact. The 

individual variables for each dataset are discussed in separate sections below as well as 

the network among them which is estimated from the data. 

Development Indicators

The development indicator data is sourced primarily from the Quality of 

Government Institute at the University of Gothenberg, which itself collects and 

aggregates these data from many world-renowned organizations (Teorell et al. 2019). As 

such, this dataset is well-suited to the task of presenting multifaceted view of human 

well-being in developing countries. In particular, the indicators chosen are derived or 

directly utilized from the World Bank, The World Health Organization, Freedom House, 

Varieties of Democracy, and several others. Collectively, they total 41 indicators across 

13 societal pillars. They are listed in the table below.

Table 3.1: Development Indicators

Pillar Variable Name Description Invert
Governance bci_bci Bayesian Corruption Indicator Y

cspf_sfi State Fragility Index Y
wbgi_gee Government Effectiveness

Civil Society/Culture wdi_poprul Rural Population Y
wbgi_pve Stability/Absence of Violence
hum_trust Social Trust

Conflict/Military bicc_gmi Global Militarization Index Y
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Education wdi_gerp School Enrollment, Primary
wdi_gers School Enrollment, Secondary
wdi_gert School Enrollment, Tertiary
wdi_litrad Adult Literacy Rate

Infrastructure wdi_acel Access to electricity
wdi_internet Individuals using Internet
wdi_mobile Mobile Cellular Subscriptions
who_dwtot Population w/ basic drinking water
who_sanittot Population using basic sanitation

Environment wdi_co2 CO2 emissions tons per capita Y
Gender gii_gii Gender Inequality Index Y

vdem_gender Women Political Empowerment
Health who_let Life Expectancy Total

SH.MED.BEDS.ZS Hospital Beds per 1000
SH.IMM.IDPT Immunization, DPT
SH.TBS.INCD Tuberculosis cases/100,000 pop. Y
wdi_fertility Fertility Rate Y
who_mrt Adult Mortality Rate Y
who_infmort Infant Mortality Y

Judicial wbgi_rle Rule of Law
fh_pr Political Rights
fh_cl Civil Liberties
h_j Independent Judiciary

Media fhp_mclr5 Laws that influence content Y
Political System dpi_fraud Vote Fraud Y

diat_ti Transparency Index
fh_ipolity2 Level of Democracy
vdem_egaldem Egalitarian Democracy
wbgi_vae Voice and Accountability

Public Economy dr_ig Index of Globalization
hf_taxbur Tax Burden Y
hf_trade Trade Freedom

Private Economy fi_legprop Property Rights
wbgi_rqe Regulatory Quality

A key input to each stage of the model is the amount a government decides to 

spend to enhance or maintain the level of each indicator. Because detailed budget data is 

unavailable for most of the countries of the world, particularly so for developing 

countries which receive the bulk of foreign aid, spending decisions must be inferred. 
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Overall government consumption data as a percentage of GDP was gathered from the 

Penn World Tables and used to calibrate the effects of budget allocation across countries 

(Feenstra, Inklaar, and Timmer 2015). An important assumption of the model is that 

spending on these indicators buys forward progress. As will be shown later, some 

indicators, for some countries, do in fact regress over time rather than advance. In these 

cases, a negative budget, best imagined as forced degradation, is allocated. Because the 

budget is best thought of as that available to transform the well-being of the country and, 

therefore, not representing the overhead or operating expenses of the government, this 

degradation could realistically take the form of not replacing aging computer equipment 

or converting from paper to electronic records, investing in training, or upgrading 

facilities, etc. Though unused in the network estimation, the figures play a significant role

for agents as a factor in decision-making about allocation and corruption. Importantly, all

spending figures for both governments and foreign aid agencies follow the Penn World 

Tables in being standardized to 2011 US Dollars. 

Finally, indicators were chosen with an eye towards what is available for the 

greatest number of countries for the time period, although, one cannot escape some 

missing data. Data were normalized and inverted where necessary such that all indicators 

have a value between 0 and 1, with higher values corresponding to more positive 

development outcomes. After this process, missing datapoints were interpolated using 

middle distances, i.e. datapoints for a missing year take on the midpoint value between 

the year previous and the year after. Great care was taken to avoid the extensive use of 

this method to ensure the most accurate results possible.
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Foreign Aid

Comprehensive data on ODA is a relatively recent innovation in terms of research

into foreign aid. New, but popular datasets such as the AidData project at the College of 

William and Mary are sourced from data on individual aid projects submitted by donors 

to the Organization for Economic Cooperation and Development (OECD) and made 

public thereafter (Tierney et al. 2011). Drawing from the same data source, ODA figures 

from the years 2002-2017 were gathered, aggregated, and formatted into a time-series 

dataset which enumerates spending across 42 categories of aid projects. 

Each figure represents the total of donor commitments for that particular category 

in that year. Ideally, figures would represent the money actually spent in order to more 

directly estimate effects of that spending. However, aid programs often represent multiple

year commitments with varying rates of disbursement over the course of the timeframe. 

Moreover, aside from a select few categories of aid such as direct budget support, which 

are seldom used, aid programs are generally implemented by third party contractors with 

much of their spending going to cover their own costs. Nonetheless, one benefit is that 

priorities need not be inferred, but rather can be identified by the scale of funding for one 

category over others. However imperfect, these figures are undoubtedly better than none 

at all for the task at hand.

Unlike with the development indicators, little processing was necessary, save for 

normalization to values between 0 and 1 for network estimation. Missing data, indicative 

of $0 being allocated towards any particular project category in any particular year, are 

labeled as such. Finally, due to OECD procedures in releasing the dataset, raw numbers 
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were adjusted to 2011 US Dollars using information from the US Bureau of Labor and 

Statistics before normalization in order to make spending by governments and foreign aid

agencies broadly comparable. 

Table 3.2: Foreign Aid Spending Categories

Aid Category OECD Code
Education, Level Unspecified 111
Basic Education 112
Secondary Education 113
Post-Secondary Education 114
Health, General 121
Basic Health 122
Non-communicable diseases (NCDs) 123
Population Policies/Programmes & Reproductive Health 130
Water Supply & Sanitation 140
Government & Civil Society-general 151
Conflict, Peace & Security 152
Other Social Infrastructure & Services 160
Transport & Storage 210
Communications 220
Energy Policy 231
Energy generation, renewable sources 232
Energy generation, non-renewable sources 233
Hybrid energy plants 234
Nuclear energy plants 235
Energy distribution 236
Banking & Financial Services 240
Business & Other Services 250
Agriculture 311
Forestry 312
Fishing 313
Industry 321
Mineral Resources & Mining 322
Construction 323
Trade Policies & Regulations 331
Tourism 332
General Environment Protection 410
Other Multisector 430
General Budget Support 510
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Developmental Food Aid/Food Security Assistance 520
Other Commodity Assistance 530
Action Relating to Debt 600
Emergency Response 720
Reconstruction Relief & Rehabilitation 730
Disaster Prevention & Preparedness 740
Administrative Costs of Donors 910
Refugees in Donor Countries 930
Unallocated / Unspecified 998

Network of Spillovers

The complexity inherent in the development process of a country and the lack of a

uniform societal and institutional framework ensures a unique configuration of 

mechanisms for each national entity. While many development indicators, such as 

education and economic growth are understood to co-vary and produce spillovers almost 

universally across country and time, the scale and direction of the effects differ 

concretely among countries to say nothing of endogenous factors which prevent 

generalization. In a model such as that being developed here, with 41 facets of 

development represented, the inability to generalize about relationships between variables

necessitates the estimation of a playing field which accurately represents aggregate 

dynamics at the country level and the informal flows of resources across indicators for 

each individual country under consideration. 

The method of network estimation of this dissertation is known as concave 

penalized estimation for sparse Gaussian Bayesian networks as developed by Aragam 

and Zhou (Aragam and Zhou 2015). It is an iterative, regression-based technique which 

produces a weighted adjacency matrix indicating the direction and magnitude of effects 
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among individual nodes (variables) inside the system encompassing all variables. While 

not directly indicating causality, it does show covariation of a second variable when an 

effect occurs to the first, thus representing both positive and negative spillovers in a 

closed system. The noted advantages of this estimation technique are its speed, ability to 

work with high dimensional data (more dimensions than observations), and its production

of weighted estimates and graphs. Previous efforts of estimating networks among 

development indicator data used chordal information filtered graphs, inner composition 

alignment, and PC algorithm approaches, but collective shortcomings include the 

inability to calculate negative feedback loops, inaccuracies with high-dimensional data, 

and high false-positive counts (Ospina-Forero, Castañeda Ramos, and Guerrero 2019). A 

selection of one technique over another represents a trade-off, however, the model itself 

is agnostic as far as the network is concerned. Indeed, any network, imagined or 

estimated can be incorporated and analyzed. A potential extension of this work is the use 

of alternative networks to compare findings. The figure below displays the network 

topography for Rwanda which is used in subsequent chapters. 
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Figure 3.1: Rwanda, Estimated Indicator Networks and Intensity of Effects

In the above figure, one sees the network graph depictions of the positive and 

negative spillovers present in the Rwanda time-series. The intricacy of each is a fitting 

indication of the complexity of the environment in which international development 

policy professionals operate. An injection of resources, in this case funding, into one area

can have effects, both positive and negative throughout the system, making knowledge of

the phase space a decided necessity. Each of the 83 nodes in the system (the 41 

development indicators and the 42 categories of foreign aid) is represented by the dots 

around the edge of the diagrams, with vectors indicating the direction, but not intensity of

the effects each node has on the others, respectively. 

The intensity of the effects and covariation is depicted in the third frame of the 

diagram. As a matrix, the 41 development indicators, followed by the 42 categories of 

foreign aid are positioned left to right and top to bottom, thus the diagonal represents the 

effect of each on itself and is necessarily blank. The effects run from row to column, 

meaning each row represents the various effects on the other variables from one source 
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variable, while each column, when aggregated, expresses the effects on one variable from

all others in the system. By way of visual validation, much of what is depicted in the 

diagram comports with the general nature of the foreign aid system. The densest region 

of covariation is the upper left corner, representing the dynamics among development 

indicators themselves. This is indicative of trade-offs and spillovers governments must 

contend with as they set priorities and budgets in order to best serve their constituents. 

Likewise notable is the relative number of negative effects in the top right quadrant 

which depicts the effects of development indicators on foreign aid spending. In general, 

this suggests that as development indicator levels rise, spending is reduced along various 

categories of foreign aid program. The bottom right quadrant depicts the covariation of 

aid programs on themselves and is far more sparsely populated, indicating the relative 

independence of aid programs on one another, while the bottom left corner is the effects 

from foreign aid programs on the development indicators. The effects here are generally 

positive, but include many empty cells, indicative that some foreign aid spending has no 

demonstrable effect on development indicators. 

Together these data and the networks derived from them serve as the 

parameterization and topography for the political economy game which seeks to model 

reality by moving the indicators from their earliest value in the dataset to their final value 

over a similar number of years using only the budget provided, the network graph (the 

majority of which is hidden to the agents), and a few parsimonious behavioral rules. With

an accurate model of the foreign aid process in each country, more significant analyses 
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can then be undertaken. The next section details the participants in the game, the four 

types of agents.

Section Three: Agents  

Guided by the relationships shown in the data discussed in the previous section, 

this model takes the form of a political economic game played on a field represented by 

the network derived from relationships between unique indicators, among agents of four 

types – central authority, bureaucrat, aid agency, and aid program. Each is imbued with 

qualities and decision-making faculties befitting the position which will be described 

here, before discussing the interactions which form the core of each simulation.  

Central Authority

Because each game is played on a unique country network map, the central 

authority, of which there is only one, can be imagined as the host government - a clearing

house which determines policy priorities, allocates a budget, and enforces compliance in 

executing policy among the cohort of bureaucrats which it employs. 

In general scenarios, policy priorities are derived from the gaps which exist 

between the present values of each indicator and the goal set for that individual indicator. 

As previously stated, the goals for each indicator are the final value of the time-series 

dataset, while the simulation commences with each indicator being valued at the earliest 

level in the dataset. Hence, those indicators which differ greatest are accordingly 

considered higher priorities. With each cycle or tick of the model, the distances between 

current values and goals are recalculated and the corresponding priority ranking updated. 
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Once priorities are set by the central authority, each indicator is allocated a 

budget, calculated with stochastic variation, according to its rank. Importantly, each 

indicator is funded in every cycle, but as the exact amounts are randomly varied before 

being constrained by budget expenditures included in the data, amounts differ slightly 

from cycle to cycle. Thus, even if an indicator retains the same level of priority, there will

likely be slight variation, either positive or negative, in the actual budget amount, 

however comparatively its budget will remain the same. This is done to more accurately 

model an actual government budget cycle, which constantly changes for individual 

programs, but retains an indication of priority based on the overall amount allocated. 

After setting priorities and funding programs accordingly, the last function of a 

host government is to ensure that its will is carried out. In this model, this takes the form 

of rooting out corruption and punishing bureaucrats whose greed, represented through 

budget withholding for personal benefit, prevents the efficient translation of budgetary 

resources into indicator level increases. Again, with allowances for stochastic variation, 

the host government attempts to police this in every cycle until the simulation ends.

Bureaucrats

Underneath the central authority is a cohort of bureaucrats which implements the 

dictates of that body. In this model, one bureaucratic agent represents each indicator for 

which the central authority assigns a budget and a priority. Instead of an individual, it is 

better imagined that each agent therefore represents a department or program which is 

charged with attaining the goal for each indicator. 
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Each cycle of the simulation brings about decision-making on behalf of each 

bureaucrat: how much of the assigned budget to devote to the delineated work of the 

department, and how much to siphon away for his own purposes. Decision rules in this 

regard are necessarily simple. Each agent attempts to increase its gain, if predisposed to 

corruption, while limiting its take based on proximity to the amount known to have been 

discovered and punished by the central authority in the past. This is logical as 

governments often publicize corruption arrests and convictions as a deterrent. In the rare 

event that a bureaucrat is caught stealing but not punished, the bureaucrat reduces his 

take as he has been clearly caught skirting the rules and would most likely not flaunt his 

rule-breaking unnecessarily. In all cases, however, the inclusion of randomness allows 

unorthodox and unexpected behavior, such as increasing corruption after having been 

caught and reducing it when undiscovered, a small percentage of the time. 

Together, the central authority and bureaucrats work to effect the development 

goals, playing the odds in terms of increasing the benefit, covered by unknown spillover 

effects as a result of a network among indicators of which each is unaware of the full 

extent. A similar dynamic takes place among aid agencies and the programs which they 

implement.

Aid Agency 

While what has heretofore been described hews closely to the original PPI 

implementation, with a few configuration and stylistic changes, the addition of aid 

agencies significantly complicates the analysis and illuminates dynamics which are 

important for developing countries around the world.
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In general, the aid agency serves to allocate country-specific resources across its 

array of programs aligning with priorities of its own, independent of those of the host 

government, and polices the implementation of its programs. Because aid agencies serve 

as a data bank of knowledge drawn from historical experiences and research, it is sensible

to imbue these agents with a better, but not complete, understanding of the topography of 

each country in which it works. Thus, these agents are guided by the network estimated 

when establishing the game in the sense that they have specific knowledge of which of 

their programs has the greatest positive out-degree to indicators in that country. That is, 

while it does not know the magnitude of the effect or which exact indicator is affected, it 

knows the relative extent to which each of its own programs positively impacts the host 

government’s indicators. 

In this model, each agency is constrained by a budget and the number of programs

it can fund in any one cycle, which is distributed among its priorities based on the out-

degree just described and following a similar budget cycle to the host government. At the 

end of each cycle, though, the agency determines the effectiveness of the use of its 

funding by the host government and uses that to determine any restructuring of priorities 

necessary.

Aid Programs

Finally, aid programs are the agent vehicles through which the priorities 

established by the aid agency are implemented. Roughly analogous to the bureaucrat 

agents, these programs are connected to the network of indicators and ranked in priority 

by out-degree. Aid agencies rarely have a specific level of indicator they target, rather 
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seeking to fund programs which effect the most holistic good. Thus, priorities among 

programs go to those which can potentially reach the most indicators through spillover 

networks. Aid does not directly impact indicators as with government spending, as the 

majority of aid spending is channeled through contractors who provide programming, 

rather than direct infusions of funds.

Once assigned its budget, the effect on the indicators is calculated using the 

network estimated for each country. Drawn from ODA funding figures, an aid agency has

the potential to fund any program which has been implemented during the time period 

under study in that country. Accordingly, this is not consistent from country to country 

and prevents the introduction of new programs, but is realistic when conducting ex-post 

analysis. The level of funding for each follows a similar dynamic as the central authority, 

with stochastic variation but overall consistency in terms of rank across cycles.

Together, these four classes of agent interact across the network until the goals are

reached. The next section will detail the cycle of each simulation, known as a tick, which 

repeats until the goals are reached.

Section Four: Computational Implementation  

As a political economy game seeking to replicate historical outcomes in order to 

be able to investigate counterfactuals, the agents in this exercise are instantiated with the 

initial indicator values in the dataset and through each successive tick, work their way 

towards the indicators final values (increased in value by budgets and spillovers) at which

point the simulation ceases. The following table makes clear the progression of dynamics 

as described thereafter in narrative form.
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Table 3.3 : Standard Run of Computational Model

Input: countrydata, countrynetwork, montecarlo=1000
foreach montecarlo do

instantiate agents
calibrate agents
foreach tick do

foreach govt do
update priorities
update budget

foreach agency do
update priorities
update budget

foreach bureaucrat do
update benefit

foreach indicator do
update indicator

foreach govt do
enforce corruption
enforce rule of law

foreach agency do
enforce govt effectiveness

if all indicators >= goal then
halt

calculate metrics
foreach run do

concatenate metrics

Computational Narrative

After instantiating the required number of agents and assigning initial values to 

bureaucrats based on the earliest year available (2002 for the vast majority of countries) 

in the time series dataset, the simulation begins. 

First, both the central authority and the foreign aid agency establish goals and 

priorities in line therewith. The central authority, unless individually specified, as will be 

done in later scenarios, seeks to attain the level of each indicator in the most recent year 
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available in the time series dataset. The figure below provides initial and final values of 

each indicator, again for Rwanda. A sense of the priorities of the government can be 

gained here by observing the varying distances between some sets of values. Essentially, 

the government and aid agency seek to effect vertical movement in each such that the 

final values are reached nearly simultaneously. 

Figure 3.2: Rwanda Initial and Final Indicator Values

Generally speaking this refers to positive movement in terms of development, but 

this is not exclusively the case. Indeed, this model does not assume a benevolent 

government and the possibility of atrophy in some indicators from intentional 

degradation and corruption is a notable possibility. Based on the distance from the goal to

the present indicator, an ordered list is created, establishing the precedence of indicators 

in terms of urgent priorities for the central authority. The foreign aid agency retains the 

same goal throughout the simulation – to more significantly fund programs which have 

the potential to impact the indicators/bureaucrats most positively in as many areas as 
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possible. By calculating the positive out degree of each of its programs, the aid agency 

sets its order of funding precedent.

Once priorities have been established, both the central authority and the aid 

agencies allocate funding, based on constraints of magnitude consistent with the entire 

time series dataset, to their bureaucrats and aid programs, respectively. The central 

authority allocates budget in a manner consistent with its priorities but also affected 

stochastically. Using the time series data, the rate of budget growth and coefficient of 

budget variation for each country is determined. The beginning and end values of the 

budget data, corresponding to the years of the panel data are used to solve a compound 

interest equation. This establishes the average rate of budget growth each year, but 

clearly reality does not conform to the mathematical precision of this formula. Therefore, 

as the calculation is applied in each tick, this number is allowed to vary randomly up to 

the degree of its historic deviation from the mean. 

Once the budget is determined, programs are funded in proportion with the 

growth each needs to obtain its goal value and the number of programs which have yet to 

reach their goals. In this sense, the budget constraint can be thought of as that available to

fund transformational policies and is proportional to the number of indicators which need

extra funding to reach their goals. Crucially, this means that while there are discrepancies

among the budgets of each indicators, those highest ones are not orders of magnitude 

greater than the lowest.  All indicators in question represent transformative policies, as 

developing as a nation means breaking free of the status quo and transforming some 

aspect of society, culture, governance, etc. 
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A similar assignation process ensues for the aid agency, whereby the highest 

priority programs are funded the largest nominal amount. Foreign aid budgets, while 

perhaps hewing to similar budget growth formulas overall, do vary quite a bit from year 

to year in individual host countries. Therefore, budgets for each agency agent are 

determined by a random draw from a normal distribution matching the mean and 

standard deviation present in the data. One further difference is the ability only to fund 

programs which have previously been funded in the time series dataset. Therefore, if 

seven categories of foreign aid were funded in the 15 year period, the agency will allocate

funding across those seven categories in each cycle of the simulation. Additionally, 

programs are selected for funding in a given year based on their occurrence in the dataset.

Programs funded in every year are therefore selected every year while the remaining 

slots, for programs that were not funded every year, are filled based on the probability of 

their occurrence in the past. Regrettably, this prevents the analysis of new program 

introduction. 

Next, bureaucrats are tested as to their predilection for corruption (calibrated to 

the control of corruption variable), and if predisposed, calculate an amount to withhold 

from their official budget in percentage terms, conforming to established literature which 

observes that corruption eats away anywhere from 1%-5% of GDP annually in state 

owned enterprises (Baum et al. 2019). Given a randomly assigned disposition to 

corruption assigned at instantiation, every untested bureaucrat agent is then tested against

another random draw to determine whether it will act on its disposition. This is carried 

forward until an agent is replaced after being punished for corruption, if caught and 
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punished. Subsequent cycles undergo a decision-making and learning process whereby 

each agent compares his take to the average amount which was detected and punished by 

the central authority, and adjusts his benefit accordingly with the general principle being 

that the take is increased if the agent feels it can remain undetected. Knowing its own 

history and that of agents who were caught and punished, this is updated in each cycle.

After budgets and agent-side benefits are established for each cycle, the indicators

are updated. Each is affected by its own budget (that not siphoned off by corrupt 

bureaucrats) and through spillover effects from the network among the indicators. The 

budget for each indicator is multiplied by an average step calibrated for each country-

variable pair, then stochastically adjusted each cycle, before being added to the spillover 

effects from other indicators which are also contingent on their own budgets. Total 

effects are then added to the indicator levels which become the basis for calculating 

priorities in the next round.

Consistent with PPI, the central authority then polices its workforce by use of 

governance indicators, measured by the World Bank and included in the data. As an 

endogenous indicator itself, it is also subject to the dynamics of the model, as in the real 

world. Control of corruption tempers the ease with which a bureaucrat may embezzle 

from the central authority, thus, the better governance with regard to corruption, the 

higher the likelihood of being caught. Likewise, the police action is proportional to each 

bureaucrat’s priority ranking (the higher the priority, the more strict the scrutiny), as well 

as to the absolute value of the embezzled amount. Computationally, a random draw is 

compared against the control of corruption indicator level multiplied by the amount 
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embezzled as a proportion of the total government budget constraint which is, in turn, 

multiplied by one over the priority ranking as established by the central authority. Hence, 

if the amount embezzled is zero, a bureaucrat has no fear of being caught. Likewise, if 

control of corruption is exceptionally high, or a bureaucrat embezzles a large amount 

from a high priority program, he is highly likely to be caught. Bureaucrats who are 

caught are then thrown at the mercy of the justice system in each country, as measured by

the rule of law indicator of governance. This measure indicates the degree to which the 

law applies equally to all those brought before it. Similar to calculating the risk of each 

agent being caught, the  risk of being punished is calculated by taking a random draw 

calibrated to the rule of law indicator. Accordingly, the higher the indicator value for rule

of law, the higher the likelihood a bureaucrat will be punished, in this case replaced, in 

the simulation. The total amount withheld is then added to an array of values for those 

caught and punished by the government for the consideration of bureaucrats in future 

cycles (similar to a government publicizing its exploits to deter future offenders). 

The learning process of aid agencies reflects the difficulty agencies face when 

attempting to withdraw funding totally from a country or program, even in the face of 

ineffectiveness, due to their overall altruistic values and the well-known axiom that 

budgets not utilized are subtracted from future allocations (Wilson 2000). In this instance,

rather than replace bureaucrats, an aid agency reshuffles its priorities away from its ideal 

as a punishment for ineffective use of its aid. Formally, a random draw for each program 

is compared to the current government effectiveness (from the WGI) indicator. If a 

program is ineffective, it is shuffled with its immediate neighbor in the agencies priority 
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array for the next cycle. Importantly, there is room for the program to be better 

implemented, as the priority is reset the following cycle, meaning that punishments are 

temporary and reflective of an agencies willingness to give programs which have the 

potential to reach as many indicators as possible a second chance. 

This process iterates, following the exact steps just described, until indicators 

have all reached or exceeded the goals set at the beginning of the simulation. Therefore, 

the simulation ceases when development has reached its holistic goals and is not 

dependent on any one variable. In keeping with the complex adaptive nature of the 

foreign aid system, each decision point is based on endogenous variables mixed with 

randomization. The rules are parsimonious and reflective of logic at an individual level 

while allowing for unorthodox behavior a small percentage of the time. For purposes of 

robustness, a Monte Carlo simulation repeats each individual simulation 1000 times and 

aggregates the results for analysis. 

The result is 1000 possible paths, both for the individual indicators and the 

country as a whole, of development in pursuit of the stated goals. The setup of this model

is extremely adaptable, with the possibility of pursuing specific strategies, development-

wise, on both the part of central authorities and aid agencies. 

Section   Five  : Results and Validation  

When following the baseline procedure with no special modifications to test 

specific scenarios, the model produces outcomes remarkably similar to historical results 

while providing a number of alternatives in terms of duration as well as an informed 

estimate of the probability of each outcome occurring.
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 Results

The figures below presents a comparison of the historical paths of the indicator 

values as well as those simulated through the model. While some of the more extreme 

peaks and trenches of the historical data are mitigated as a result of the computational 

process, one immediately notices the degree of faithfulness to actual events which the 

model produces.

Figure 3.3: Historical vs Simulated Indicator Values

Indeed, the most important measures are the degree to which all the goals are 

reached in near-simultaneity and how closely those indicator values match the historical 

process they seek to model. Using a paired sample t-test normally used to determine a 

treatment effect between the two sets of values, one can comfortably reject the null 

hypothesis that there is a statistically significant difference between the groups (test 

statistic=-1.03, pvalue=0.31). Essentially, when compared against each other, the final 

simulated value, while not exactly matching the historical one, is statistically identical. 
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This holds whether the simulated development converged in 15 ticks (years) as in the 

time-series, or another time period. The figure below displays the full results in terms of 

simulation duration for the entire Monte Carlo series of 1000 runs.

Figure 3.4: Rwanda – 1000 Simulations

Because the rules of each simulation are intentionally parsimonious and represent 

somewhat of an ideal set of circumstances, it is expected that each does not exactly depict

what has occurred historically in the country under study. Rather, the actual events can be

seen as just one possible path as a result of a series of decisions and circumstances both 

inside and outside the control of the agents in the system. As shown in the figure, the 

modal outcome is 14 years, followed closely by the historical reality of 15 years, while 

showing a significant number of possible paths that achieved the same ends in up to three

fewer years. Conversely, given the same ground rules, the figure also shows a not 

insignificant number of paths which achieve the results in a longer time period. The 

59



extreme ends, while unlikely, do indeed point out paths for significantly shorter and 

longer periods. 

This close clustering around the historical data speaks to the accuracy with which 

this political economy game models what is actually happening in spite of the evidence 

that countries do not follow this exact decision making process when assigning resources 

to individual programs. Indeed, politics, corruption, and even malevolent government can

endogenously affect factors in this model resulting in drastically variant outcomes. 

Likewise, the higher number of lower tick simulations indicates that there is indeed 

probably a degree of inefficiency on the part of either the host government or foreign aid 

agencies when assigning resources, which, if corrected, might have resulted in a faster 

ascendance to better outcomes. Nonetheless, the results of the model hold up as a 

plausible representation of the processes they seek to imitate given the explicit rules upon

which it is based and its conformity to reality. 

Somewhat less straightforward are the simulated allocations of the foreign aid 

spending.  The figure below depicts those against the historical budgets.
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Figure 3.5: Rwanda Historical vs Simulated Foreign Aid Spending

After noting that the scale of the graphs indicates that the simulation forgoes the 

enormous, one-time expenditures in one category or another over the course of the time 

period in favor of a more balanced approach across categories, it is nonetheless clear that 

differences still exist between the processes. The historical data defies mathematical 

modeling for several reasons. First, these figures are not the result of a centralized 

decision-making process, rather, they are aggregated amounts from dozens of donors, 

each with political preferences and priorities of their own which significantly impact 

allocations. Second, record keeping identifies each of these amounts as the initial 

commitments in the year they are listed. As discussed previously, many foreign aid 

agency plans are for multiple years, with parts of each program being 

funded/implemented unevenly over the course of its timeframe, with no data to confirm 

disbursements on a yearly basis. Thus we would expect the historical data to appear more

“lumpy” than the actual spending. Finally, there is significant disparities in total funding 

numbers for year to year for every country, so the necessary variability prevents such a 

close hewing to the historical numbers. As such, any model of a process so infused with 
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seeming randomness can only hope to match the overall process in terms of probability of

program funding and overall amount of funding for the host country in any one year. This

model meets that standard and through the use of Monte Carlo techniques, can 

comfortably be said to cover the vast majority of plausible scenarios.

In spite of the great generalizations and abstraction necessary to complete the 

agent-based model, the data generating process appears to closely comport with the 

reality of the development process, cementing the suitability of using this model for a 

deeper exploration of governance and foreign aid. The next section will explore the 

model’s external and internal validation which allowed it to obtain these plausible results.

Validation

Generally, analyzing individual agent-based models can be done by scrutinizing 

each at four distinct levels – does the model capture key elements of reality, is it in 

qualitative agreement with empirical macrostructures, is it in quantitative agreement with 

empirical macrostructures, and is it in agreement with empirical microstructures? Each 

step is additive; models cannot fulfill later criteria without also meeting the former. This 

evaluation is predicated on the inclusion of data-gathering mechanisms during operation 

to be used for later statistical analysis (R. L. Axtell and Epstein 1994). 

External validation of the model is accomplished nearly entirely by its 

parameterization using historical data. Everything from the levels of the indicators, the 

budgets dedicated to each, growth factors, and foreign aid funding variables are drawn 

directly from data expressly gathered to study the international development system. As 

such the model is in close agreement with the qualitative and quantitative macrostructures
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it seeks to replicate in addition to accurately capturing the key elements of reality. This is 

further proven by the results shown in the previous section which shows just how closely 

the model matches reality. 

 Internal validation or sensitivity analysis of a model tests how small changes in 

parameters affect the overall results (R. Axtell et al. 1996). To accomplish this, four key 

decision-making mechanisms will be adapted to illustrate the effect each has on the 

overall model. Government and agency priorities will be adapted to select values 

randomly, while bureaucrats will make more random selections with regard to the 

amount of corruption they feel they can get away with, and finally, the matrix of spillover

effects will be randomly constructed to illustrate the effect the contextualization the 

societal and policy mechanisms of each country. 

The figure below displays the results of each decision-making mechanism for one 

indicator, bci_bci, which required little movement to reach its goal, and another, 

fi_legprop, which began the simulation far from its goal.

Figure 3.6: Priority- vs Randomly-based Budgets
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In a priority-based system, where funding levels dictate a large degree of the 

movement of the indicator variables, one would expect that fi_legprop will nearly always 

enjoy a significantly higher budget than bci_bci in order to attain their respective goals in

the same number of years. The first panel shows this to be the case. The second panel 

displays the results when budgets are assigned at random across the indicators. This 

simple change to the mechanism resulted in a majority of simulations not converging, 

i.e., never ending. Those which did finally end, however, stretched approximately 1000 

times longer (often exceeding 18000 ticks) than priority-based ones. Therefore, priority-

based budget processes are not only logical, but far more effective for the timely 

attainment of goals.

A similar dynamic plays out for aid agency budget processes. The graph below is 

the equivalent for aid agencies. 

Figure 3.7: Priority- vs Randomly-based Budgets

Under the agency priority-setting process of subordinating programs which do not

positively impact as many indicators, indicator number 220, with an out degree of 7, 
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should, ceteris paribus, always be funded at a higher amount as indicator number 114, 

with an out degree of 1. The first panel shows that this is the case every cycle, whereas in

a randomly assigned process, 114 often exceeded the amount for 220. The end result was 

a process that played out in 500-600 more ticks in the latter as opposed to the former. 

The next validation exercise abandons the nuances of each bureaucrats decision-

making process in terms of how much of the budget to withhold in each cycle. Whereas 

in previous runs a detailed process determined if and how much a corrupt bureaucrat 

would seek to alter his benefit, this simple corruption exercise merely dictates that each 

bureaucrat, if corrupt, will seek to increase his take by a small, random amount in each 

cycle regardless of the danger in getting caught. The two processes are compared in the 

figure below.

Figure 3.8: Corruption Validation

The differences in the two processes, while appearing to diverge only slightly in 

the early ticks of a simulation, quickly broaden themselves to such an extent that while a 

normal simulation more or less levels off with a degree of corruption between 1-1.5%, 
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the validation scenario increases monotonically ad infinitum. Indeed, in such a 

configuration, the simulation never ceases, with corruption canceling out budgets 

entirely, degrading the control of corruption indicator, to the point that no corruption is 

policed, with all indicators failing to reach their goals even after tens of thousands of 

ticks. Logically then, there is some limit to the extent of corruption that can be tolerated 

by a regime while still striving to meet goals, proving the reasonableness of including a 

more nuanced decision-making process as a nimble upper limit for corrupt bureaucrats.

In sum, comparing a random assignment of values with the structured decision-

making in the simulation, we find that the structured decision-making produces the 

expected rational outputs.
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Figure 3.9: Network Validation

Finally, the playing field upon which the game is played must be tested for 

validity. A simple comparison of a randomly generated adjacency matrix suffices to 

illustrate the resulting differences. 

As depicted in Figure 3.9, which should be compared with the matrix in Figure 

3.1 shown earlier, the extreme complexity the random adjacency matrix is not only 

implausible among the few dozen indicators above, executing the game would complicate

matters so greatly that the budget allocation process would completely detach from the 
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movement of indicators. The sparse networks among indicators are far more plausible a 

selection; indeed, simulations conducted on matrices such as that above do not converge, 

illustrating most strongly the validation of the Bayesian methodology. 

In each validation exercise, the intentional selections of decision-making 

mechanisms are confirmed as both logical and practical. Each simple change resulted in 

simulations far off the mark in terms of expected outcomes and duration. Therefore, the 

model as a whole, being both externally and internally validated, and presenting logical 

and consistent results, is fit to be used to explore more in-depth the relationships among 

indicators which form its core.

Model Applications

Having developed and validated this model of the international development and 

foreign aid system, and shown it to be a reasonable representation of the policy 

machinations at play during the time period and in the countries in question, we can now 

begin to specify the model to explore areas of the foreign aid policy arena which are not 

possible at present. The following chapters will explore variations in governance through 

case studies of countries where governance is either considered exceptional or 

exceptionally lacking. Thereafter, the model will be adapted to explore the coherence of 

foreign aid policy in reference to aid agencies and governance; that is, if agencies assert 

that their top priority is strengthening governance in host countries, are they in fact 

funding policy actions which result in that outcome? 
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CHAPTER FOUR: THE ROLE OF GOVERNANCE IN DEVELOPING NATIONS 

As discussed in the previous chapters, the critical role of governance for 

development is at once paramount and ill-defined. The relatively recent innovation of 

governance indicators and the requisite sample sizes for linear methodology permit only 

the most perfunctory of analyses, wholly uncontextualized to the individual 

circumstances of each country. However, with a validated, logically sound, and 

behaviorally parsimonious complex adaptive model, these hindrances can be surmounted,

and counterfactuals can be explored to more fully illuminate the complex role of 

governance in developing countries. 

This chapter will apply the foreign aid policy model developed above to 

investigate the role of governance in intuitive, but previously unavailable ways. This will 

take the form of counterfactuals of well-known, targeted case studies. In each case, 

competent governance or the lack thereof, has been offered as a fundamental reason for 

success or failure, both of development and foreign aid regimes in general. Tangentially, 

this will require an examination of the level of coordination between foreign aid agencies 

and host governments as they pursue their goals with relation to governance. As a result 

of manipulating the model to test various scenarios, it becomes possibles to offer 

commentary on the role of governance in each case, as well as drawing generalized 
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conclusions about foreign aid contributions, while estimating effects across countries in a

more rigorously quantitative fashion. 

Before delving into the model specification, a short review of the case studies as 

well as research questions and hypotheses is in order. This comprises the following two 

sections before continuing with the methodology and implementation then concluding by 

presenting the results.

Section One: Rwanda and Burundi  

Rwanda and Burundi occupy if not opposite ends of the spectrum then certainly 

divergent paths when considering recent successful foreign aid interventions. Each are 

among the largest recipients of ODA in contemporary history, Afghanistan and Iraq 

notwithstanding. Indeed, from 2002-2017, Rwanda averaged nearly $830 million a year 

in ODA while Burundi totaled nearly $500 million a year (Tierney et al. 2011). While in 

Rwanda on average this amount represented approximately 1/2-2/3 of yearly government 

expenditures, in Burundi aid is more on the order of 1/4-1/3, reflecting a comparable 

overall level of government spending in each country (Feenstra, Inklaar, and Timmer 

2015). It is, therefore, reasonable to consider each case as a considerable commitment of 

resources on behalf of the international aid community.  Nonetheless, despite the 

significant investment in each case, their outcomes could not bifurcate more. Rwanda is a

“donor darling” lauded for its development success, while Burundi is an “aid orphan” 

more often considered in the vein of what might have been. Pointedly, experts and 

scholars have arrived at the same explanation – governance. As such, each is a suitable 

case study against which to explore counterfactuals of governance and foreign aid. 
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International aid to Rwanda did not begin in the post-genocide era following 

1994. In fact, there is even debate about the extent to which multilateral assistance in the 

form of strict structural adjustment programs, democratization, and peace process 

implementation contributed to the outbreak of the violence (Andersen 2000). A cascade 

of aid in the years that followed the genocide, combined with a reasonable degree of 

coordination between the government of Rwanda and the donor community produced 

great leaps in economic development outcomes, although notable deficiencies, such as 

uneven distribution of benefits, remain (Hayman 2009). Much of this aid was targeted 

towards governance and appears to have been relatively successful (Uvin 2001). 

While perhaps ignoring political governance at the expense of technical 

governance, aid continues to flow heavily into the country (Reyntjens 2011). Indeed, 

higher levels of governance were ostensibly used to justify increases in aid, although 

there is some scholarship to suggest that the differential treatment of recipients in the 

African Great Lakes region is due to political considerations in donor countries (Marysse,

Ansoms, and Cassimon 2007). Nonetheless, higher levels of good governance indicators 

have coincided with better outcomes overall in Rwanda, but the question remains – 

ceteris paribus, would worse governance have led to lower overall development outcomes

(aside from the governance measures themselves) over the subsequent 15 year period, 

and what would the difference have been?

Meanwhile, Burundi is frequently contrasted as a country with a superficially 

similar recent history, but unable to capture the world’s attention quite to the extent of 

Rwanda. It has been accorded significantly less foreign aid, been unable to capitalize on 
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the amounts it has received, and as a result, decades later, suffers from dramatically lower

overall development levels.  

Whereas Rwanda quickly benefited from a first mover advantage of sorts and 

promptly amassed higher aid flows by 1997, Burundi only attracted significant 

investment from international organizations after 2001. A portion of the lower and later 

aid inflow has been blamed on the legacy of the genocides in each country and how each 

concluded (military victory versus protracted, negotiated settlement), as well as the 

resulting fractionalization of the emergent states thereafter. The final rebel group in 

Burundi only fully disarmed in 2009. Despite steadily increasing aid, and achieving a 

modicum of attention around 2007, concerns over governance, less than free elections, 

and finance scandals also hampered increased expenditures by donors after 2010 

(Gisselquist 2017) . 

Aid allocations by category diverged significantly in the lead up to 2010, with 

Burundi requiring a higher degree of humanitarian assistance and therefore not 

effectively translating higher aid flows into greater or more sustainable economic growth.

This dynamic was further exacerbated by the low predictability of aid, especially during 

the worldwide economic downturn of 2009-2010 (Nielsen and Madani 2010). 

The current structure of the regime also creates an inability to fully capitalize on 

aid. Whereas Rwanda enjoys a strong, even if not necessarily inclusive ruling party, 

Burundi, as a result of its negotiated settlement, enjoys an inclusive but weak ruling 

structure (Curtis and UNU-WIDER 2014). With more ethnic and social groups sharing 

power and a weaker structure to enforce compliance, Burundi therefore inherently 
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exhibits more varied political claims and a welter of different interests with more 

potential opportunities for wastefulness and inefficiency, a point vividly shown in the 

figure below. In post-conflict regimes, the surviving regimes seek to ensure their 

durability through increased military expenditures, necessarily at the expense of social 

programming (Ndikumana 2001). Having achieved military victory, Rwanda might 

therefore be expected to be less likely to spend additional resources maintaining the 

readiness necessary to resume open warfare. Previously warring factions in Burundi, with

the opportunity to dictate spending, might be tempted to expend a higher proportion of 

government revenues to ensure their own interests are attended to in the event of resumed

hostilities. Indeed, the simulation results below suggest that Burundi was lucky to have 

achieved what it did in 15 years, as the probability of reaching the observed endpoints of 

its development indicators in that time-span was not among the highest. 
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Figure 4.1: Burundi - 1000 simulations

As made clear in the following figure, it cannot be ignored that the variability of 

the results for Burundi coincides with a decrease in the values of several of the 

governance indicators. This appears in the dataset utilized for this work. When contrasted

with the same figure presented for Rwanda reproduced below, one immediately notices 

not only the markedly lower absolute values of the initial and final indicators, but also the

significantly decreased spread over the course of the time-series. Indeed, a higher number

of indicators decreased in absolute terms over the decade and a half depicted, including 

governance indicators such as voice and accountability and rule of law.
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Figure 4.2: Burundi & Rwanda Development Indicators 2002-2017

Furthermore, while the intensity of the network effects in Burundi, as drawn from 

that time-series comport with reality, the weighted network of positive and negative 

spillovers is abundantly contrasted with Rwanda, as depicted below. One is struck by the 

seemingly increased number of red cells, indicative of negative spillovers, among the 

upper left quadrant, suggesting decision-makers in Burundi must weigh heavy 

externalities when choosing among its policy priorities. The bottom left, like Rwanda, is 

and would be expected to be sparse but mostly blue, suggesting the limited, but largely 

positive influence of foreign aid. The top right quadrant, as expected, is mostly negative, 

which comports with aid diminishing as indicators increase, while the bottom right is 
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again largely dispersed and characterized by near zero coefficients, suggesting the 

independence of aid programs from one another.

Figure 4.3: Rwanda & Burundi Network Dynamics

The quantitative elements of each case agree with the narratives presented thus 

far, yet each case clearly differs distinctly from one another as far as the context in which 

the political economy game takes form, making the pair an ideal illustration of the 

application of the model. Against this individualized topography, it is useful to entertain 
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the question of whether increased governance, or lack thereof, would have significantly 

impacted the resulting level of development.

In pursuit of clarifying information with regard to these hypothetical scenarios, 

the model developed in the previous chapter will be lightly modified, while keeping the 

general structure and behavioral rules intact, in order to shed light on these important 

questions for the overall purpose of offering policy guidance in future development 

efforts. Before delving into the proposed changes to the model, the next section will 

detail the exact research questions and respective hypotheses to be investigated.  

Section Two: Research Questions and Hypotheses  

While the arguing for the central role of the importance of governance in each of 

these cases is both logical and appropriate, such an overarching statement is unable to 

offer an analysis of what level of governance, if any, would facilitate or hinder successful

development in either case. In that vein, the complex adaptive model developed in the 

previous chapter can be modified to investigate each case through the thoughtful 

engineering of indicators. Concerning development and governance, the following 

research questions naturally arise.

Research Question One

Given the apparently vital role of governance in post-genocide Rwanda, there is 

an obvious question as to whether the same success (measured in years to achieve the 

same development indicator levels) would have been possible under less favorable 

governance conditions. Conversely, would it have been possible for Burundi to achieve 
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their observed level of development in an abbreviated timeframe under more robust 

governance institutions? 

Hypothesis One

Given the nature of governance, with countries with better governance able to 

make more effective use of their budget resources, whether drawn domestically or from 

foreign aid, our first hypothesis is that lower levels of good governance will extend the 

amount of time to achieve the same level of development, ceteris paribus, and that, 

opposingly, higher levels of governance will significantly curtail the duration of the 

same. 

Research Question Two

Mentioned prominently in the literature of each case study is the question of 

coordination among donors and the host government. Indeed, a priori, this is an important

function of the model as each develops its budget and priorities explicitly and without 

coordination with one another. In the same vein as the previous research question, the 

abilities of this model present the capability to quantify the effects on development when 

host governments and aid agencies are fully in coordination with each other. This is of 

heightened importance when the question of governance is concerned. If, as expected, 

governance plays a unique role in the development of a nation and its ability to efficiently

translate donor dollars into development outcomes, in the case of its absence, promoting 

governance to achieve that end is only elevated in importance. As shown in the 

discussion of the model, the mechanisms through which governments and agencies are 

varied but each can be targeted – governments by which programs they prioritize for 
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budget allocations, and agencies by those which have the greatest effects on certain types 

of programs. Taken together, the relevant question becomes what is the effect on 

development of coordinated efforts between agencies and host governments as opposed 

to those independently pursuing their own ends?

Hypothesis Two

Given the dynamics of the international aid system, it is expected that 

governments and agencies working together to promote governance would accelerate the 

progression towards the desired level of development, however, it is not expected that 

this would outweigh the effects of a reduction in governance levels. Lack of coordination 

would likewise be expected to significantly retard the achievement of the same levels, 

even more so than a simple reduction in the quality of governance would. 

Research Question Three

Given the two contrasting cases and the ability to explore the counterfactuals 

heretofore discussed, the final research question necessarily becomes the need to 

generalize across all 123 cases to obtain some idea of the overall effect of governance. 

Therefore, do improvements in governance indicators have the same effect, in magnitude 

and direction, across all countries?

Hypothesis Three

Using the simulation to produce a sample size of sufficient magnitude to test the 

effects of governance empirically in each country, it is expected that both the magnitude 

and the effect of each dimension of governance differs across countries, thereby 
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confirming the necessity of a complex adaptive view, attending to the context in each 

country, for policymakers in foreign aid going forward.

Section Three: Methodology and Implementation  

For each case under consideration, Rwanda and Burundi, two scenarios, each with

two variations, will be examined for insight into the importance of governance in each. 

The following sections review the details the four possible scenarios before the model 

alterations are specified and results presented. 

Scenarios Without Coordination Between Governments and Aid Agencies

The primary mechanism to test the implications of governance will be the 

artificial reduction (or inflation in the case of Burundi) of the six governance indicators 

while leaving the remaining 35 indicators at the levels established by data at the 

beginning of the simulation. A priori, one would expect a significant effect on the 

progression of the simulation due to the incorporation of three indicators – rule of law, 

control of corruption, and government effectiveness – in the decision-making of the 

agents in the model. However, due to the possibility of priority setting on behalf of the 

government and aid agencies in terms of budget and program selection, this gives rise to 

a number of scenarios which can be tested and explored.

Under one scenario, all decision making would remain the same in the face of the 

the artificially reduced (or inflated) governance indicator levels. As such, the government

would still prioritize those indicators which exhibit the greatest distance from their goal 

levels. Accordingly, it is expected that, depending on the level of reduction or inflation, 

that the governance indicators would rise or fall significantly in priority at the expense of 
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a certain number of indicators. Therefore, they would be expected to grow or stagnate at 

an increased rate due to the larger budget allocation accorded to each, with the effect on 

other indicators being unknown but assumed to take the form of slower growth. As with 

the government decision-making, aid agency allocations and decision-making would 

remain as they are under the original model. Prioritizing those programs which stand to 

have the most positive impact to the greatest number of indicators would remain the rule. 

While the effect on voice and accountability, political stability, and regulatory quality are

unknown, it is expected that with reduced control of corruption, fewer corrupt 

bureaucrats will be caught, even fewer punished under a reduced rule of law indicator, 

and therefore a higher level of aggregate corruption would be understandable. At the 

same time, the aid allocations would be expected to vary quite a bit more due to the lower

government effectiveness, which triggers reshuffling among programs. Importantly for 

this scenario, budget, network among indicators, and goal values remain the same for the 

country in question. 

Under another equally plausible scenario, governance indicators levels are 

artificially deflated, and because that deficiency is recognized as a linchpin, the priority 

of the indicators is enhanced in greater proportion than their reduced value would 

otherwise warrant. In this scenario the host government, aware of the importance good 

governance and its accelerating effects on overall development, makes the political and 

economic decision to fund advances in governance indicators at the expense of others in 

the short term under the assumption that later, greater gains in other development 

indicators will result in the medium and long term. As such, regardless of the actual 
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distance to the indicator goal, the six governance indicators would be prioritized. This 

would represent a vigorous embrace of the governance paradigm by the host government 

with the prioritization of governance indicators as a precursor to improved development. 

As with the first scenario described, aid agency allocations would remain as they exist in 

the general model, with no special emphasis on governance. Rather, in seeking to puts its 

limited funding to the best overall use, donors would continue targeting those programs 

which do the most overall good in their estimation. 

Scenarios With Coordination Between Governments and Aid Agencies

While the previous scenarios have left the role of the foreign aid community 

stable, following its default priority-setting mechanism, in fact aid agencies, with their 

enhanced knowledge of the playing field, also possess an ability to affect governance 

through outside intervention. Instead of, as is default, targeting those programs which do 

the most overall good, a more nuanced protocol could target those programs which have 

the greatest number of positive connections to governance indicators. 

 A scenario which combines the government approach of the first scenario with 

such an enhanced, governance-centric approach by the foreign aid agencies represents a 

compromise approach often encountered in international development. While governance

would be accorded a higher, but not atypically higher, priority by the central government 

as a result of its artificial reduction, other more pressing priorities would nonetheless take

precedence. Akin to a government covering the basic needs of its citizens while the aid 

agency pushes governance as something for the government to strive for, the scenario 
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does not seem far-fetched when considered against many of the democracy-assistance 

efforts of the past. 

Finally, a scenario in which the government prioritizes governance above its 

station compared to other lagging indicators and aid-agencies also adopt a governance-

centric approach to programmatic funding in that country represents as close to a best 

case scenario as exists in terms of promoting governance. In theory, it is through such an 

approach that governance could most quickly be developed and; consequently, the 

additional acceleration of other development indicators encouraged. 

The next section will detail the changes necessary to the model to realistically 

enact these scenarios. Afterwards, results will be presented before closing with a 

discussion and conclusion.

Implementation

In order to realize and test the scenarios described in the previous section, a few 

necessary changes must be made to the parameterization and operation of the model. 

These will be detailed in the following paragraphs beginning with the changes to the 

governance variables themselves.

While the normal operation of the model assumes the earliest time-series value for

each of the indicators, in testing the effect of reduced governance, it is necessary to 

overwrite the extant values. In the case of reduced indicators, each of the six governance 

variables is replaced with one 50% less than the earliest time series value. In the case of 

those being artificially inflated, a 100% increase is more in order as the initial values are 

often quite low so as to be only marginally more when increased by only 50%. In the case
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of Burundi, even doubling the 6 dimensions of governance results in values that are only 

in the 50th percentile worldwide. The goals for scenarios with reduced indicators are not 

adjusted, effectively doubling the distance between each indicator value and its goal. 

Scenarios for which the indicators are doubled, however, adopt the doubled governance 

indicator value as the goal so as not to force unorthodox behavior unto the model which 

might bias the results presented. Otherwise, no change is necessary to the indicator values

themselves for the scenarios which envision no altered decision-making on behalf of the 

host government.

In scenarios where governance is valued above its nominal priority based on the 

distance to its goal, additional changes need to be incorporated into the model. While a 

reduced indicator value would otherwise increase its priority under normal 

circumstances, in order to require the government to value it above its station, the goal 

value is adjusted. By in effect moving the goalposts, and increasing the goal of each 

indicator by 25%, a further elevation of priority is forced upon the government by 

artificially increasing the distance to the goal and thereby attracting more budgetary 

resources. Therefore, for scenarios which incorporate this line of thinking, this additional 

step is conducted.

In all cases, however, care is taken to ensure that the mere alteration of the 

indicator values does not affect the simulation duration in and of itself. This is a natural 

assumption especially in light of the reduction of governance indicators, while the 

artificial inflation of indicators would cause simulations to prematurely cease given the 

shorter overall distance required to accomplish the collective goals of the government. To
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account for each and further tease out the effects of governance, the rules for stopping 

ticks are changed to exclude the values of the six governance indicators. Therefore, 

whereas the general model requires all indicators to have met or exceeded its goal for the 

simulation to stop, under these scenarios only the 35 non-governance related indicators 

must be met. After such a point in time, the model ceases computation and the results are 

collected. This simple step ensures that the model is accurately calculating the effect on 

development by the level of governance indicator.

Finally, in the scenarios in which aid agencies adopt the posture of promoting 

governance, the calculation of out degree as a mechanism of selection is altered. Instead 

of simply the most positive connections, the criteria are exchanged for the most positive 

connections to the governance indicators exclusively. This change ensures that where 

possible, aid agencies are prioritizing, through increased funding, those programs which 

positively influence governance in the developing countries under investigation through 

the greatest number of avenues, regardless of the magnitude of the impact. 

As required from the description of the scenarios in the previous section, these 

changes are incorporated as necessary to accurately enact the scenarios and formulate the 

results in the next section.

Section Four: Results  

As with the standard runs of the model, each scenario was run to completion 1000

times in order to gain as close to universal knowledge of the phase space in each system 

as reasonably possible. The results from Rwanda are presented in the following figure 

and show a clear modal outcome of 18 years for the scenarios with consistent priorities, 
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four years greater than the modal of 14 for the baseline run. This is true for simulations 

both for the simulations posit coordination with aid agencies to focus on good 

governance and those where each pursues its own strategy. This is interesting for the 

reasons which confound foreign aid policy makers – while one would expect foreign aid 

to perhaps be able to close the gap between a standard scenario and one which exhibits 

diminished governance, all else equal, this does not initially appear to be the case. Indeed,

this will be explored in greater detail in the next chapter with attention to the implications

for the prescription of foreign aid policy.

Figure 4.4: Rwanda Scenario Results
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Similarly, the scenarios where governance is prioritized above its distance to the 

goal value show a modal outcome of two additional years, 20 years total, to reach the 

desired development outcomes, suggesting that prioritizing governance over more basic 

needs is actually detrimental to overall development outcomes. In accordance with the 

previous scenarios, there appears to be little difference between scenarios of this type 

which have agencies working independent of host governments and those in which they 

coordinate in attacking the same problems. However, if the extreme outliers are ignored, 

there is strong evidence that, in the case of Rwanda specifically, cooperation can be 

helpful due to the increased number of simulations directly including and surrounding the

mode of 18 in the top right quadrant when compared to the top left. The top right figure 

also has a much steeper drop off above the mode, despite the mean and mode remaining 

almost identical between the scenarios. Therefore, while in the aggregate there may not 

appear to be a distinct change between the scenarios, in the cooperation simulations there 

is an increased probability of an outcome closer to the mode. This fact points to the 

fungibility of aid being an important factor in development and suggesting that greater 

success lies in allowing the government to address its top priorities and substituting aid 

funding for those which it cannot address.

In addition, it is worth mentioning the elongated tails of the Rwanda histograms 

(indicative of decreased predictability of outcomes) – as in the standard run of Burundi, 

which also exhibits lower governance indicators – and the observation that even with 

reduced governance indicators it is possible, in a small number of circumstances, that the 

requisite values are indeed reached in the same number of years or even, in very rare 
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cases, in up to two years shorter than actually occurred in reality. Nonetheless, the far 

greater number of cases, including some over three times longer than actually occurred, 

serve to characterize the variability of outcomes which are possible. 

Given that these simulations take budgets as a primary input, it is possible to 

characterize what is occurring in these scenarios. Essentially, as previously stated, 

reducing governance indicators artificially, would increase the distance to its goal value, 

even more so when extraordinarily prioritized, and thus attract higher budgetary 

resources, thereby reducing the monies available to fund other priorities. This is 

exacerbated in the second set of scenarios to the point that increasing governance causes 

a significant delay in achieving the same development outcomes. However, the 

differences are quite noticeable earlier in the simulation. The figure below displays the 

deviation between the simulated and historical values at 10 ticks, or roughly ten years 

into the simulations.
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Figure 4.5: Rwanda Deviation at 10 ticks

In each of the four scenarios there is a significant difference as measured by the 

same paired sample t-test which was used to validate the model. As expected, values are 

generally negative, predicating a longer time to reach its goal value, even at 2/3 of the 

way through the simulation. Further showing the variability of outcomes are the presence 

of numerous outliers for nearly every variable as represented by the dots outside of the 

whiskers of the box plots. 

These results are indicative, through a series of covariations, of the political 

economy game inherent in budget allocation and priority setting of governments around 

the world. Because it is based on past dynamics, it makes no allowance, other than 

random variation, for technology advances or other outside events such as worldwide 
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recessions or natural disasters which could significantly impact outcomes. Likewise, 

covariation does not necessarily indicate causation, however, these simulated results will 

be used to attempt as much in addressing research question three. Overall, these results 

illustrate 1000 possible paths for development for Rwanda in the hypothetical situation 

that it began with governance capabilities 50% below their actual values during the 

period 2002-2017. The unequivocal determination is that in the vast majority of 

simulations, the achievement of their real world development levels in 2017 would have 

taken at least four years and in many cases in excess of seven years longer than was 

actually be the case. 

While the effect of the host government prioritizing governance to make up the 

deficit actually seems detrimental – in the fifteen year period of the model, diverting 

country resources to governance rather than other areas in which progress is needed does 

not pay off – that is not true of aid donor priorities. While stipulating donors emphasizing

improving governance does not shift the modal time to achieve other development goals, 

it does appear to shift the overall distribution, concentrating outcomes more closely to the

modal duration. That is, having outside donors target programs with positive links to 

improving governance does not slow down progress, and in fact on average helps avoid 

some of the tracks with longer duration (presumably because fewer valuable resources 

are likely to be diverted by corrupt officials).

The greatly increased variability of the time for the model to converge – the 

longer and fatter tail compared to Figure 3.4 – also appears to be related to the level of 

the governance indicators. Certainly as pertains to the three indicators directly 
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incorporated in the decision-making of the model, a lower level reduces the number of 

bureaucrats caught and punished and increases the reshuffling of aid programming away 

from the ideal. However, as compared to the standard run of Burundi, these modified 

scenarios for Rwanda show a distinct move in the same direction, toward a longer 

duration to attain the same development outcomes, as far as model dynamics are 

concerned. 

To examine the opposing case, the simulation results for Burundi, stipulating an 

increase in governance indicators are examined in the next figure. 

Figure 4.6: Burundi Scenario Results
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In contrast to testing whether decreased governance would adversely affect the 

length of time to achieve a set of development indicators, these simulations test the 

opposite; namely, would increased governance accelerate the pace at which the same 

levels can be attained. 

In the top left cases the modal outcome is improved by a year to 16, as opposed to

the 17 years which is the most common outcome in the standard version of the 

simulation. As opposed to Rwanda, where the effect was harder to discern, the Burundi 

simulations show a clear and explicit clustering of simulations around, and especially, 

below the modal value of 17 in the cooperation scenarios. In fact, even with the most 

likely outcome matching the baseline, the potential for a significantly reduced duration to

the same outcomes in a cooperative arrangement with aid donors is greatly increased as 

the number of outcomes to the left of the mode far exceeds that to the right.

Similar to the Rwanda test cases, the spectrum of possible results is also quite 

elongated, but is of course notable for the number of cases which represent a significant 

improvement on the historical outcome of 17 years. A comparison of the deviation of the 

simulated data and the historical at 10 years serves to further illustrate results presented 

here. 
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Figure 4.7: Burundi Deviation at 10 ticks

As one can clearly see in the figure above, there is a great deal of positive 

variation in the numbers from the time-series dataset and the simulated values in all 

scenarios. This would seem to indicate an almost universal improvement on the historical

outcome, however the degree to which the values vary, even into negative territory, is 

quite indicative of the vastly divergent outcomes that are possible, even in the presence of

improved governance. Consistent with the results from Rwanda, this variability seems to 

hint at the importance of governance, although even with a 100% increase in the relevant 

governance dimension values, Burundi still falls far below those of Rwanda (both in the 

baseline runs and those with a 25% reduction), which exhibited far less variability in all 

scenarios. In each scenario, however, there is a statistically significant difference, 
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whether positive or negative, from the historical value at 10 ticks as shown in the paired 

sample t-tests performed at that point. 

As shown by Figure 4.8 below, it is clear that the effects of the reduction in 

governance levels are broadly consistent across the entire sample of 123 countries. As 

previously referenced, the scenarios which double the levels of each governance 

indicator, adopt that elevated level as the target for each simulation. Whereas, the reduced

scenarios assume the same behavior towards a more distant set of goals, often times in 

the increased scenarios, the effect of double an indicator pushed its value past the 

predetermined goal value, thereby forcing the model to work towards a reduction in 

governance indicator levels when the opposite was desired. To avoid this bias, the 

elevated level was then assumed to be the goal, while in reality, it is unknown what goals 

a government or aid agency would have while enjoying a higher level of good 

governance.

Figure 4.8: Reduced Scenarios Duration to Completion, Full Sample
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In light of these results, where slight changes to a small number of variables 

inside the model produce statistically significant changes in indicator values across the 

model, the cogent next step is to return to the original model to determine the exact 

nature of the impact of governance in the normal course of affairs for a country. In order 

to hold behavioral rules consistent for the entire sample as well anchor each simulation to

observed data to prevent movement towards an unrealistic or unknowable outcome, the 

following analysis relies on the inherent variation of duration and overall development 

outcomes produced in running the standard model. Surmounting sample size obstacles for

ordinary least squares is accomplished by running the original model (parameterized with

the unaltered time-series data) in Monte Carlo for 1000 simulations. As a dependent 

variable an index is aggregated from the changes in the 35 non-governance indicators to 

give an extent of holistic development and not restrict measures to GDP growth, for 

example. Because of the dynamics of the model, the final development index value varies

for each country simulation. While each individual indicator is statistically identical with 

its real world observed value, when aggregated to form the index, the overall value can 

vary based on the actions undertaken by the agents in the simulation. This is also because

the final value is in fact a target with the actual achieved value being close, but never 

exactly the same. As with the simulations themselves, the final overall index value 

represents one possible aggregate development index level which can be used to 

investigate counterfactuals. Likewise, the change in duration from the starting point to the

final values of the collection of indicators was calculated for each simulation and 

employed as a dependent variable. The governance indicators themselves are excluded 
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from the index to reduce spurious autocorrelation. This index is then regressed on the 

changes in the six dimensions of governance. The table below presents the results for , 

the entire sample of countries to illustrate the generalization of what was previously 

discussed in detail for Rwanda and Burundi. 

While these results should be interpreted with a hint of caution due to the 

simulated nature of the underlying data, they do suggest strong evidence of the critical 

role governance plays in the advancement of developing countries.
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Table 4.1: Δ Duration & Δ  Development Index

In terms of duration, changes in each of the development indicators has a 

statistically significant on the change in duration of each simulation, with the only 

exception being changes in government effectiveness, though that coefficient is 

significant at the 0.1 level. Interestingly, half of the indicators exhibit negative 

coefficients, which indicates that increases in the change of each, i.e. the indicators which

have a greater distance to their goal, akin to a reduction of the initial value of those 

governance indicators, reduce the duration of the simulation or achievement of the 

development outcomes. In thinking through the dynamics of the model, it is important to 

remember that the change in duration actually represents the efficiency with which 
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 Duration  Overall Development Index
(Intercept) 0.008 2.244***

-1.33 -177.917
     Control of Corruption -0.338*** 0.754***

-6.586 -7.101
     Govt Effectiveness 0.043 1.484***

-1.812 -30.417
     Political Violence & Stability 0.361*** 7.863***

-15.646 -164.321
     Rule of Law -0.344*** 4.351***

-8.066 -49.194
     Regulatory Quality 0.429*** 12.042***

-9.988 -135.389
     Voice & Accountability -0.395*** -2.451***

-19.93 -59.745
Estimator OLS OLS
N 123000 123000

0.064 0.953
F 1403.564 412300.656
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governance is advancing overall development outcomes and that this linear regression 

seeks to see how each variable affects the outcome, whether duration to target or overall 

development index, in the context of a complex interacting system where the free choices

of agents can and do affect other variables in the system. Those variables with negative 

coefficients, control of corruption, rule of law, and voice and accountability, have 

disproportionately more positive connections to other variables than government 

effectiveness, regulatory quality, and political stability. Thus, with greater negative 

changes in the overall movement, their priority is increased by the agents in the model, 

effectively ensuring greater funding relative to other variables, and producing higher 

positive spillovers as a result. The difference from the greater change in levels is greatly 

outweighed by the net benefit of their positive spillovers across the system of variables, 

collectively pushing the remaining variables more quickly towards their goal values and 

ending the simulation in less time on average.

Given the dynamics of the model described, it can be taken as fact that with a 

greater distance to a goal, it will take longer to get there. This is why the effects are so 

clearly illustrated in the scenarios, however the same effects are clear using the baseline 

as the basis for linear analysis. While the scenarios  assume the same percentage increase 

or reduction of the governance variables for each country, the amount of the increase or 

reduction is dependent on the initial values of the six governance indicators, which are 

not consistently at the same levels inside each country. Therefore, each country exhibits a

mix of positive and negative effects on the duration of the simulation from the changes 
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each attempts to the levels of the six indicators, resulting in the greatly varying tails of 

each histogram as evidenced by both Rwanda and Burundi.

When combined with the results of the second regression, which tests the change 

in overall development index against the changes in good governance, the implications 

for governance are quite clear. The positive and significant effects of changes in all 

aspects good governance on changes in overall development implies that countries which 

work hardest to improve their governance levels the most create greater positive changes 

in the overall development. The glaring exception is voice and accountability, which as 

stated previously, is sometimes thought of as a proxy for democracy. While the negative 

coefficient indicates that positive changes in that aspect of good governance leads to 

lower changes in overall development, it should be noted that the period understudy was 

characterized simultaneously by negative trends in democracy levels and positive trends 

in development. This provides further evidence of the ability of countries to both improve

good governance and develop without democratizing. Nonetheless, lower absolute value 

of the coefficient indicates that even with greater positive changes in voice and 

accountability, similar magnitudes of positive changes in rule of law, political violence 

and stability, and regulatory quality ensure a greater change in overall development level 

in that hypothetical. Together the two models make a strong case for the good 

governance paradigm. In general, though it may take longer to achieve greater increases 

in good governance indicator levels, again highly dependent on the mix of initial and goal

values each regime attempts to achieve, in the vast majority of cases, those greater 

changes will lead to greater positive changes in overall development. Succinctly put, 
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good governance is a net benefit for countries, however, depending on the relative 

changes in the levels of each indicator and the goals decided upon by policymakers, the 

duration to the associated overall increased outcomes is perhaps longer or shorter 

depending on the unique situation faced in each country.

Conclusions

In light of the results presented in the previous sections, it is possible to pass 

judgment on the research questions and hypotheses put forward in the beginning of this 

chapter. 

Research question one poses the hypothetical about whether Rwanda, given worse

governance at the start of the time series, and Burundi, given better governance, and what

the differences in time to reach the desired development goals would be. One conclusion 

the model reaches is that the modal outcomes worsen in the case of Rwanda and improve 

in the case of Burundi, thereby confirming hypothesis one. The 

improvement/deterioration does not appear to be proportional to the overall delta of the 

governance indicators; i.e. the 50% reduction in governance in Rwanda did not lead to a 

50% increase in time to reach the goal. In fact, the changes in the governance indicators 

greatly increased the possible number of outcomes, in terms of years to reach the goals, 

than the standard models. Improved governance in a sense improves predictability of 

outcomes and with decreased governance, the precision with which outcomes can be 

predicted decreases. Finally, each model forecasts that in spite of the changes made to the

original governance indicator data, in a reduced but still significant number of cases, the 

modal outcome from the standard runs of the model can still be achieved. This speaks to 
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the great number of endogenous factors which influence a country’s development which 

can produce a wide range of unpredictable and divergent outcomes and while governance

is certainly important, it would not be surprising to encounter an example where a higher 

level of development than expected occurs given comparatively lower governance levels.

Hypothesis two, which asserts that foreign aid agencies, in a concerted effort to 

promote governance, can indeed counteract the changes made to the model to help, in this

case, Rwanda and Burundi, reduce the duration to the achievement of a set of 

development outcomes. There is strong evidence in support of this hypothesis. By 

targeting aid program out degree vis-a-vis the governance indicators, the model assumes 

imperfect information on the part of the aid agency. Though an important role of agencies

is to serve as a clearinghouse of knowledge and programming, it is inconceivable that 

each would have an exact understanding of how its programs play out in the context of 

each developing country. Therefore it is logical to imbue in each a decision-making 

mechanism with only the ability to understand a portion of the effects each would have. 

In both Rwanda and Burundi, while the overall mean and mode were not affected, it 

appears that the close cooperation between host governments and aid agencies greatly 

increased the probability of a close to modal outcome while also increasing the potential 

of a better than modal duration. Clearly, the impact of aid agencies is non-trivial in each 

of these cases, but one is perhaps struck that the differences were not more apparent. This

topic is further investigated in the next chapter, where imperfect information is dealt 

away and policy coherence, that is are agencies promoting governance when they say 

they want to promote governance, is examined.
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Finally, research question and hypothesis three are confirmed as far as the 

generalization of the effects of changing governance levels on changes in both duration 

and overall development inside a country. The differential effects of changes in good 

governance levels, though largely of similar magnitude, ensure a unique durational 

impact in each country depending on ultimate goal of each indicator the regime attempts 

to effect. Regardless, however, positive changes in the indicators largely assure greater 

changes in overall development, with the notable exception of voice and accountability, 

which – when envisioned strictly as democracy – scholars have cast doubt upon as being 

necessary in every case of development.

The next chapter will demonstrate a further adaptation of the tool to tackle a 

policy analysis application – policy coherence in foreign aid governance programming 

and overall development promotion.  
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CHAPTER FIVE: FOREIGN AID AGENCIES AND POLICY

COHERENCE

The results presented in the previous chapter did not produce the expected answer

as far as policy coordination between host governments and foreign aid agencies. 

Specifically, the model showed that, while coordination across the policy space in 

support of raising governance indicator levels could bring about an increased likelihood 

of a modal or better outcome, the overall mode and mean of the simulations in Rwanda 

and Burundi remained nearly identical. While the assumptions of the model allow host 

governments to directly adapt spending to specific indicators, the role of aid agencies is 

to act indirectly across a topology of which it has only a vague understanding. 

Computationally this equated to using the positive out degree of its programs as opposed 

to specific knowledge of the coefficients in order to allocate its limited budget. Though 

logically sound in keeping with the understanding of international development as a 

complex adaptive system which above all is characterized by bounded rationality; in the 

course of the scenarios investigated it was clear that changing the decision-making of the 

aid agencies to specifically target governance made better outcomes more probable, even 

if the results were not as stark as anticipated.
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While the initial level of governance indicators makes a substantial difference to 

the progress of development, host countries appear better off to spend their resources on 

their most pressing development needs, rather than making improving governance their 

top priority. For donors, there were gains, but only minor ones, in favoring programs that 

linked to improving governance. Consideration of that observation inevitably leads to the 

obvious question – to what degree are aid programs accomplishing what they are 

intended to do by the agency which allocates funding across them?

This chapter will, therefore, embark on an investigation into aid agency policy 

coherence. Using the model developed and adapted in the previous chapters, further 

alterations will be implemented to test the general proposition of how effective aid 

agencies are at improving the general welfare of developing countries We will also look 

again at the issue of improving governance specifically as a gateway to enhanced future 

outcomes. The structure of the chapter is as follows: after reviewing policy coherence in 

the abstract and differentiating among varying definitions of the term, the specific 

research questions pertaining to development and aid agencies will be explicated 

alongside the proposed methodology for determining the results. Thereafter, the 

necessary changes to the model for implementing the methodology will be detailed 

before presenting the results. Accordingly, the next section will examine policy 

coherence and its newfound centrality in the debate on foreign aid.

Section One: Policy Coherence  

Policy coherence gained importance with the increasingly globalized economy 

following the end of the Cold War. The Policy Coherence for Development (PCD) 
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agenda originated as a way to measure the alignment of aid and non-aid policies of 

developed nations to ensure that the latter did not undermine the goals and effectiveness 

of the former (Picciotto 2004). In the absence of the overriding foreign policy 

considerations that characterized aid in previous generations, it was assumed that, with 

the fall of the Soviet Union, economic and human development considerations would 

drive foreign aid decisions in donor countries and international organizations and that, 

consequently, in light of the massively differential scale of non-aid to aid policies and 

funding, caution should be taken to avoid overwhelming aid policies with the effects of 

developing nation domestic policies (Grieg-Gran 2003). Nonetheless, conflicting 

development goals, a tendency to protect interest groups, disagreements among experts, 

heterogeneity among developing nations, as well as measurement and management 

issues, left the process of achieving coherence among developed nations as little more 

than platitudes  (Barry, King, and Matthews 2010). 

After being extended into policy coherence for sustainable development (PCSD) 

with the formulation of the 2015 Sustainable Development Goals and the focus on the 

interaction of polices across the development space, limitations nonetheless remain 

(Castaneda and Guerrero 2018). Not least among them was the technical challenge in 

formulating an index that objectively measures policy coherence (King et al. 2012). 

Additionally, the varying concepts of horizontal coherence (among policies) and vertical 

coherence (among varying levels of government) have yet to be unified into a universal 

vision, presenting additional challenges (Knoll 2014). Indeed, recommendations to 

resolve this impasse amount to little more than boilerplate and remain more akin to 
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recitations of the problems than guidelines for moving past them (OECD 2019). The 

variety of institutional structures and country contexts likewise prevents any single 

pathway to policy coherence (Curran et al. 2018). 

The major gaps in structuring and measuring policy coherence dovetail neatly 

with the principles of complexity science, and indeed, those offering a way forward on 

the agenda invariably make use of complex adaptive methodology to do so. Explicitly 

referencing the path dependence of policy and goals in international development, the 

World Bank produced a methodology for ascertaining priorities based on network theory.

Their study examines unobservable mechanisms among development goals and uses 

network centrality as a measure of connectedness to ascertain the likelihood of success in 

promoting that goal based on success in other goals in its cluster (El-Maghrabi et al. 

2018).

 Relatedly, integrated simulations show the positive spillovers associated with 

promoting certain policies across development goals and provide a system dynamics 

approach to coherence that is still developing (Collste, Pedercini, and Cornell 2017). In 

addressing five challenges of measuring coherence and offering their own definition of 

the term, Castenada et al. provide a complex adaptive approach to finding a way forward 

which this work will adopt and extend. The five challenges – implementation 

inefficiencies, spillover effects, network estimation, context specificity, and implicit 

benchmarks – are mostly overcome through the use of their PPI framework, which infers 

policy priorities and uses Bayesian techniques to estimate networks and consequently 

spillover effects, while providing unique country context for each situation as required. 
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The fifth, benchmarks, is addressed through an original definition of coherence which 

compares an ideal set of policies (and funding) against its counterfactual to arrive at a 

unified measure (Castaneda and Guerrero 2018). 

While PCD, and more recently PCSD, have come to mean aligning domestic 

policy with foreign aid goals, a more fundamental definition of the term is the alignment 

of goals and policy. Flexible in its application, Castenada and Guerrero use this definition

to determine the degree to which countries are pursuing their goals by supporting and 

funding action in the requisite areas of policy domestically (as determined through PPI 

simulations). Adapting this framework to foreign aid, policy coherence is the degree of 

alignment between the stated goals of an institution, i.e. foreign aid donor agencies, and 

the implementation of policy pursuant to those goals. 

This research is aided by the production of more fine-grained foreign aid spending

data and public documents by foreign aid agencies about their goals in the context of 

each country in which they operate.  The stated aims of aid agencies are well publicized 

in project documents and country plans updated at regular intervals. In seeking to 

understand the official policy of agencies, such documents are invaluable in ascertaining 

the exact intent of each institution. By way of example the following paragraphs will 

examine the World Bank strategy documents for Rwanda and Burundi in 2002, the first 

year of the dataset utilized for this model, for an indication of the influences on the 

funding decisions for the years that followed.
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Policy Goals in Rwanda and Burundi

The World Bank, as a proxy for the world aid community, envisioned a strategy 

focused on six priority areas in Rwanda in 2002: Rural development and agricultural 

transformation, human development, economic infrastructure, governance, private sector 

development, and institutional capacity-building. While great strides had been achieved 

since the genocide of 1994 and Rwanda had numerous advantages, it still faced a steep 

climb to achieve its long term goals. As outlined in Vision 2020, the overriding 

mechanism for the country to become a middle income nation by that year was good 

political and economic governance (The Republic of Rwanda: Poverty Reduction 

Strategy Paper and Joint IDA-IMF Staff Assessment 2002). Although concrete actions to 

achieve these goals were not detailed, it is clear that the overall strategy falls squarely 

within promoting the greatest good in the country and improving governance, within the 

broad definition of the term discussed in previous chapters. Indeed, all six of the priorities

of that year fall within one or both of these categories. 

The situation was much the same in Burundi, although the more immediate 

concerns over resettlement and reintegration of displaced persons from the then-recent 

final cessation of hostilities were more prominent. Nonetheless, good governance and 

overall human development ranked at the top of priorities for the World Bank there as 

well in 2002. The largest proposed lending categories at that time supported the 

importation of essential goods and capacity building at all levels of government, followed

by institutional reforms and health/population projects. The increased risk of continued 

conflict in the event of a failed peace accord represented a significant roadblock to the 
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effectiveness of aid and prevented the inclusion of a broader program as in the case of 

Rwanda that same year. Nonetheless, broadly speaking, it can be said that the World 

Bank sought to promote the greatest good in the human condition of the country and 

improve the quality of its governance in 2002 (Memorandum of the President of the 

International Development Association to the Executive Directors on a Transitional 

Support Strategy for the Republic of Burundi 2002). 

 As a stand-in for the larger aid community, the World Bank assessments can be 

said to represent a faithful recitation of the facts facing each recipient nation at that time. 

Given the focus on governance and promoting the greatest good in the current 

development discourse and in each report detailed above it is worth exploring if the aid 

community is, in fact, coherently pursing policies or allocating budgets to programs 

which produce the desired effect. Indeed, these two policy priorities are not unique to the 

African examples presented here, but rather, elements of each can be found in the 

strategy documents for every recipient nation in the world. Fortunately, the recent 

availability of foreign aid expenditure data also permits the examination of whether each 

of these two broad tracts of policy are being acted upon coherently by aid agencies. In 

that vein, the following section will examine the research questions and hypotheses 

apropos each of these topics, beginning with the Rwanda and Burundi examples and 

extending to include all 123 recipients in the dataset detailed in the previous chapters. 
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Section Two: Research Questions and Hypotheses  

Research Question Four

The very essence of international development aid is to promote the general 

welfare of those in developing countries in excess of what their own governments and 

societies can provide independently. This does not preclude the targeted application of 

funding and programs which seek to elevate specific indicators. Indeed, among the cases 

presented thus far there is a determination to directly impact governance in recognition of

its role as an accelerator of overall development. Given the long history of international 

aid, the natural question arises – are aid agencies affecting governance when they seek to 

do so? In the absence of such specific targeting, are they doing all they can to raise 

overall human development through their program selection? Moreover, if differences as 

to policy coherence do arise, how do these differences manifest themselves among 

various recipient countries, or does the variety of donors allow political influence from 

one to be mitigated through alternative programming of others?

Hypothesis Four

Given the widespread disappointment and criticisms of the effectiveness of 

foreign aid in promoting development (Easterly 2002, 2015; Moyo 2010; Pritchett 2013), 

it is expected that for both impacting the greatest overall good and targeting governance 

specifically, aid agencies are on the whole, incoherent in their policy prescriptions. 

Moreover, due to sometimes detrimental political pressure on the foreign aid system, it is 

expected that the level of incoherence varies, perhaps quite widely, among recipient 

countries, even when accounting for all donor country contributions. Hypothesis Four is 
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that foreign donor assistance is not targeted in the most coherent way for maximizing its 

positive impact. 

Research Question Five

As evidenced in the World Bank strategy documents for Rwanda and Burundi at 

the beginning of the time period under study, it is not unusual for promoting the greatest 

good and governance to be pursued in parallel as part of an overall country strategy. In 

that vein, it is worthwhile to ascertain how one strategy differs (in terms of program 

allocation) from the other. Moreover, to what extent does incoherence in one area 

coincide with incoherence in the other in developing countries? 

Hypothesis Five

Understanding international development as the complex adaptive system that it 

is, with the concomitant importance of context, it is expected that promoting governance 

and the greatest good would largely fall in line with one another, particularly in light of 

the results of the previous chapter showing the large and significant effects the former has

on the latter. However, at the same time it is expected that the particular allocation profile

for either would differ significantly from country to country, in contrast to the claims of 

Jones and Tarp, who narrowly define governance aid as the same group of aid programs 

in every country (Jones and Tarp 2016). Finally, because many donors follow an 

overarching strategy for each country, the profiles are expected to largely align within 

countries. Hypothesis Five is that the degree of coherence or lack thereof is similar in 

programs promoting good governance and those promoting the greatest good for each 

country.
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Research Question Six

Finally, after ascertaining the degree of policy coherence and its differentiation 

among recipient countries, we want to examine the effect that coherence in promoting 

governance or the greatest good has on the improvement of overall development levels.

Hypothesis Six

With governance promotion as a means to an end of elevated overall development

and promoting the greatest good fulfilling the same goal, it is expected that increased 

coherence to that goal would correspond to increased overall development. 

Section Three: Methodology and Implementation  

As with the investigation into the impact of varying governance levels on 

development progress in Rwanda and Burundi in the previous chapter, counterfactual 

scenarios will be the primary method for examining these research questions. For the 

purposes of further illuminating known cases, scenarios will initially focus on Rwanda 

and Burundi, but will also expand to include the entire 123 recipient country dataset 

which is used to parameterize the model. The remainder of this section will describe the 

two scenarios to be tested and the changes to the model necessary to implement the 

testing procedures for each. 

Promoting Governance

In order to properly test the coherence of aid agency policy towards promoting 

governance in developing countries, a compelling counterfactual must clearly distinguish 

the degree to which programs (or the funding thereof) actually impact governance 

indicators in the recipient country. Our scenarios heretofore have retained the imperfect 
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information assumptions of complex adaptive systems which more accurately model 

human interaction and/or policy making. 

However, as an ideal to strive for, we can disregard these principles to assess how

closely actual policy, enacted in a context in which it exists, comes to that ideal. In 

previous iterations of this model, aid agencies, as a proverbial clearinghouse of 

development knowledge, are imbued with an ability to better understand the network 

topology upon which the political economic game is played through an understanding of 

the positive out degree of its programs (whether just for governance promotion purposes, 

or in the general scenarios, promoting the greatest good overall). In these scenarios, 

however, using the same networks estimated from the historical data, aid agencies 

essentially have perfect knowledge of the impacts their programs have by virtue of 

knowing the coefficients of each program effect on every other program. This means, in 

effect, that each agency in the simulations is able to fund each program in accordance 

with its impact directly, and not indirectly as in previous iterations.

In the case of promoting good governance, this means agency strategy takes the 

form of funding programs, whatever they may be, that have the greatest overall positive 

impact on the six governance indicators. Other decision-making mechanisms such as 

reallocating away from the ideal in the face of government ineffectiveness and the 

variance of the budget cycle remain in play in all simulations in order to more 

realistically model the process which is characterized by these constraints. This prevents 

the aid agency from simply funding the one most effective program in favor of a more 

balanced approach of ranked priorities across a large number of program types in 
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accordance with budget availability in any one cycle. Therefore, in lieu of a strategy 

focused on the positive out degree of programs, aid agencies replace that with a strategy 

focused on the absolute (sum of coefficients across all indicators) covariation coefficient 

of each program in its arsenal consistent with what it has attempted over the course of the

original time period of 2002-2017. 

Promoting The Greatest Good

While the governance paradigm suggests that a focus on governance is to the 

overall good of developing countries, it is worth investigating the degree to which 

promoting governance (in the form of the six dimensions from the World Bank) and 

promoting the overall greatest good overlap and/or differ across the spectrum of 

developing countries around the world. While providing a contrast in the strategies, this 

scenario also serves to highlight both the knowledge and efficiency with which world aid 

agencies conduct their business and also potentially the level of interference due to donor 

country politics or other factors that prevents attaining this ideal. 

As with the governance scenario, bounded rationality on the part of aid agencies 

is withdrawn in favor of perfect information as far as the impact of each program on each

host government development indicator. Rather than merely the six dimensions of 

governance, however, the entirety of the impact across all indicators is aggregated for 

each program in order for the allocating agency to know the full extent to which 

programs influence development levels countrywide. The budget cycle and effectiveness 

policing remain a part of the model to realistically constrain the actions of aid agency 

decision-making agents. The result is a scenario which is ideal under real world 

114



circumstances and useful as a measure of what is realistically possible for aid agencies to 

obtain in the environment in which they operate.

Implementation

In contrast to the scenarios used to investigate the governance counterfactual, 

which involved overriding initial values and seeing how the simulations played out over 

the course of their cycles, these scenarios require no change to initial conditions or 

values. Rather, each of these changes is a small deviation from the normal scenario 

decision-making rules, which then plays out over the course of the simulations. 

As described in the previous section, the ranking of programs and priority 

preferences of the aid agency are taken from a boundedly rational state to one which is 

based on the coefficients in the adjacency matrix estimated during the development of the

model. Implementing this change takes the form of adjusting the calibration of the model 

as it is instantiated, whereas previously the number of positive and negative coefficients 

were weighed against each other, in this case the coefficient values are summed, with 

positive totals representing net positive impacts from programs and negatives 

representing the opposite. The net totals are then used in the same way the net positive 

out degree was used by aid agencies in previous iterations. As programs are selected for 

implementation based on their past occurrence (some programs are funded every year), 

they are ranked and allocated a budget based on the net total impact each has – with more

impactful programs (whether for governance specifically or development generally) 

receiving more funding in line with the generated totals for overall budget. Once this 
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parameterization is complete, the simulations are run as in normal cycles until the 

indicators reach their goals and then repeated 1000 times in Monte Carlo simulations.  

Measuring Coherence

Quantifying the degree of agreement between these simulated results and the 

historical ones follows the example set by Casteneda, et al (Castaneda and Guerrero 

2018). In a slight improvement this implementation does not rely on inferred policy 

priorities or spending, but rather uses historical spending data reported to the OECD by 

donor countries. Nonetheless, the conceptualization of policy coherence which they 

developed aligns well with the data and processes of the model developed by this 

dissertation. By imagining the placement of any policy (or allocation profile in this case) 

on the spectrum between the ideal to which it is being compared and that allocations’ 

total opposite, one arrives at a degree of alignment with each, as shown in the equation 

below. The primary metric is the degree of alignment between allocation profiles in terms

of program selection and percentage of funding per year historically and in the 

simulations of each scenario. The parameterizing dataset is utilized to construct a 

historical allocation profile, while the simulated results are aggregated and a mean ideal 

allocation profile is constructed from the combined results. 

Constructing the metric takes the form of h=
d (P , H )−d (P , I)
d (P , H )+d (P , I )

where the 

degree of coherence, h, is a comparison of the difference in percentage funding for each 

collective allocation of programs historically versus the ideal in each scenario, taking a 

value of (-1,1) with -1 representing complete incoherence and 1 associated with complete

coherence among profiles. Zero, therefore, represents a muddled implementation with the
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degree of coherence in some programs being canceled by the degree of incoherence of 

others. 

The next section presents the coherence results for Rwanda and Burundi as well 

as worldwide before going on to quantitatively assess the impact of coherence on overall 

development.

Section   Four  :   Results  

As expected, after implementing the changes detailed in the previous section and 

simulating the system of interactions in each country 1000 times in Monte Carlo, the 

stark differences in policy prescription historically versus an ideal for promoting 

governance and the overall greatest good are abundantly clear. The figure below depicts 

the three sets of allocations for Rwanda. 

The first graph shows the historical pattern of donor aid allocations across the aid 

categories, as obtained from the data on international aid programs. The middle graph 

shows the ideal pattern of allocations to maximize improvement on governance 

indicators. The third graphs shows the ideal pattern of allocations to maximize overall 

development. The latter two are based on the “perfect knowledge” simulations runs as 

described above.
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Figure 5.1: Rwanda Historical vs Ideal Allocations

Immediately evident is the variation in the scale of the individual allocation 

percentages. Whereas Rwanda benefited from huge allocations in programs such as 130, 

which encompasses population and reproductive heath, the variability is quite high over 

the course of the 15-year period (from as little as $15 million to as much as $371 million 

a year). In an ideal setting the program allocation would be more balanced across the 

spectrum to support the overarching goals of advancing governance or the greatest good. 

Counterintuitively, Rwanda could have benefited from additional funding in the 

categories of agriculture, forestry and fishing, which are comparatively underfunded 

historically when compared to both ideal allocation profiles, in spite of the World Bank’s 

delineated focus on agriculture and assisting the large and growing rural population of the

country in 2002. The same is true of programming related to industry, construction, and 

trade policy which were explicitly listed as priorities and general budget support, given 

the noted shortfalls of resources reported by aid agencies in preparing strategies at that 

time. Nonetheless, in aggregate, the world aid community is only mildly incoherent when

it comes to promoting governance and the greatest good in Rwanda (-.15 and -.12 
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respectively). This is most evident when viewing the panels of the figure side by side and

the major peaks appear to coincide. While historically programs in Rwanda may have 

benefited from more variety in every year instead of figuratively having its eggs all in 

one basket, the overall incoherence was not as profound as one might expect.

Figure 5.2: Burundi Historical vs Ideal Allocations

A similar experience is evident when examining the same results from Burundi. 

Again the scale of the figures indicates a greater spread of funding among extant 

programs, however the degree is not quite as noticeable when compared to Rwanda. 

Indeed, the largest allocation historically is debt-related action, also referenced in the 

World Bank documents, and while not as high, is certainly among the highest in each of 

the ideal scenarios. Other poignant differences are the apparent neglect of the importance 

of education programming to the governance and overall development levels in the 

country, as shown by the purple bars on the left side of each diagram. Energy generation, 

business and banking, as well as agriculture are also woefully underfunded historically. 

Finally, it appears that emergency response and reconstruction relief would have 
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significantly improved governance in Burundi, while fishing programs would have 

certainly positively impacted the overall greatest good there. Overall the incoherence is 

more severe than with Rwanda at -.18 for each ideal, but still not quite as high as one 

might expect. 

This point is further illustrated in the figure below which depicts the coherence, or

rather, lack thereof, of the world aid community in aggregate for each recipient country 

during the time period of 2002-2017. 

Figure 5.3: Greatest Good & Governance Policy Coherence Worldwide

Especially disconcerting is the overall incoherence of the historical data for each 

country when compared to the ideal governance and greatest good as obtained through 

the Monte Carlo simulations. Incredibly only 10 countries fall into the muddled or 

coherent classification, represented by a coherence value of greater than or equal to zero, 

and only three (Slovenia, Malta, and Bahrain) have coherence above 0.2. Among the 

countries for whom aid agencies prescribe policy coherently are Slovenia, Belize, 

Bahrain, Malta, Barbados, and the Comoros – all tiny or island nations, recipients of 
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comparatively little aid and, arguably, little strategic importance worldwide such that the 

larger foreign policy context that characterizes individual aid relationships seems to be of

less significance. Certainly none rises to the level of being an instructional case in the 

application of foreign aid policy. Comparatively, Rwanda and Burundi rank somewhere 

in the upper half of countries as far as coherence. While no country is close to -1, which 

represents complete incoherence, it is disappointing that the combined knowledge of the 

world aid community results in policies which are, on the whole, incoherent with the 

ideals of promoting the greatest good and/or governance.

Interesting, however, is the degree to which incoherence in as far as one goal is 

concerned seems to coincide with incoherence as far as the other goal is concerned, as 

evidenced by how completely the blue indicators obscure the red in the figure. There are 

no cases in which agencies are coherent in one dimension and not in another, or even any 

in which there is extreme divergence between the two goals. Indeed, they correlate to an 

astounding degree – a Pearson correlation of 0.99 with a p-value of 6.8 -109. Potentially 

this is indicative that the forces which push agencies in the aggregate act in similar 

magnitude and direction for each of these goals, or relatedly, that the goals of promoting 

governance and the greatest good are not all that different from one another as far as each

country allocation is concerned. While it is beyond the scope of this dissertation to 

investigate exactly why the allocations are made in the fashion they are in each country, 

the degree of similarity between promoting the greatest good and promoting suggests a 

common mechanism behind programming of all types of aid that should be investigated. 
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Using the methodology already employed with respect to the historical data, the 

ideal scenarios were compared to each other, individually for each country, to determine 

the coherence they embody with respect to one another. The results are depicted in the 

figure below and present an unambiguous picture. In all instances, out of the 123 

possibilities, the allocations profiles which best achieve governance and the greatest good

are coherent with one another, and only muddled at worst. In no cases does the 

coefficient fall below zero, and only a handful hover around that mark. As such, the 

coherence is universally non-negative and speaks to the nature of governance as an 

accelerator not only of growth, but of overall development levels. Properly assigned, 

there is thus no apparent tradeoff between promoting good governance and the best 

overall development outcomes.

Figure 5.4: Policy Coherence between Greatest Good & Governance Ideal Allocations

By and large the outliers in the previous figure match those in this one and 

include Barbados, Bahrain, and Slovenia. While these results do not indicate that 
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promoting governance is synonymous with promoting the greatest good, they do indicate 

that at the very least, these goals are not mutually exclusive and that in the case of 

implementing either strategy, at worst there is a muddled effect of one on the other. In 

many cases, the positive coefficients portends a mutually beneficial effect on each from 

promoting either. Consequently, this evidence further reinforces the notion of the central 

role of governance in developing nations as a vehicle or even harbinger of successful 

development. 

Despite the strong evidence of coherence of the two allocation profiles inside 

countries, there is little light shed on the comparability of each separate profile across 

countries. Doing so requires examining each profile for each country. The figure below 

depicts the three largest program allocations per country and illustrates the comparability 

of allocations profiles across countries in ideal scenarios, with the bars totaling 123 in 

each, one for each country, and the x-axis listing the 42 categories of aid.
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Figure 5.5: Ideal Scenario Most Funded Programs

At first glance, a vertical comparison does indeed confirm the similarity of 

governance and greatest good promotion profiles in the aggregate. However, as indicated 

by the breadth of first, second, and third choices for allocation priority, the profiles differ 

considerably from country to country. Indeed, across the entire sample of 123 countries, 

any one of the top three ideal selections is shared among no more than 9 countries. This a

dramatic confirmation of the need to consider individual context among countries when 

assigning foreign aid programming. The ideal aid profiles to produce the greatest good 

and governance, while very similar to each other in every country, diverge greatly across 

countries. Importantly, as described in the implementation section, these funding choices 

are still made with the real world considerations of budget cycles and 
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monitoring/evaluation. Thus, investigations which seek to trace the effects of governance 

promoting aid programs and use only certain codes as indicative of that type of program, 

such as Jones and Tarp, cannot hope to inform policy prescription due to the great 

variation in which programs actually promote governance in developing countries (Jones 

and Tarp 2016).

Finally, in light of the incoherence which characterizes foreign aid and the 

extreme differences among what incoherence means for individual countries, it becomes 

necessary to empirically assess the impact this incoherence has on overall development 

around the world. In order to accomplish this, the Monte Carlo simulations of the 

baseline model and their allocation profiles were compared with the ideal as aggregated 

from the simulations for each of the governance promotion scenarios on a tick by tick 

basis for each country until completion and then regressed on the change in overall 

development index per year employed in previous chapter with the only change being the

inclusion of the governance indicators. As in the previous chapter, to remain anchored to 

observed data from the period, gross domestic product was accounted for in order to test 

the hypothesis against aid recipients of all sizes. In this way sample size limitations were 

overcome and one can definitively assess the effects of incoherence in each country. The 

results are displayed in the table below.
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Table 5.1: Δ Overall Development Index

As expected coherence has the largest effect on changes in overall development 

year to year, far outweighing that of total aid which is smaller, but statistically 

significant. Coherence and total aid each have positive, significant effects on the change 

in development on a yearly basis. Moreover, as an interaction, the negative sign indicates 

that as total aid increases, the coefficient of coherence becomes less and less positive. 

This finding is especially meaningful for the majority of smaller aid recipients as it 

suggests that the effects of targeting are most strong in smaller aid allocations, with the 

effect eventually dissolving as total aid grows. Indeed, the findings of this chapter 

provide compelling evidence of inefficiency in terms of foreign aid allocation while 

quantifying the benefit to be obtained through more carefully aligning the needs of a 

country with the aid provided.
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 Overall Development Index
(Intercept) 0.103***

-17.717
Coherence 0.077***

-4.82
Yearly Aid Amount 7.89998e-6*

-2.021
Initial GDP 2.40E-09

-0.16
Coherence & Yearly Aid -2.93964e-5*

-2.116
Estimator OLS
N 600637

0
F 18.386

0

Adjusted R2

F-test p-value
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Conclusions

In light of the results presented, it is possible to conclusively address the research 

questions proposed at the beginning of this chapter. 

Research question four hypothesizes an incoherence on the part of aid agencies 

worldwide. This has been confirmed to be true in all but a handful of outlier cases. In 

accord with hypothesis five, the incoherence was found to exist without exception in 

similar measure when compared against both the ideal strategies of supporting overall 

human development or and supporting good governance in developing nations. 

Though compelling evidence exists that politics in donor nations influences the 

provision of foreign aid, the scale and scope of this investigation does not permit the 

investigation of the causes of incoherence, merely that it exists. However, the degree of 

variance in incoherence across nations was surprisingly for its relatively small range. 

While a great majority of nations were incoherently provided with foreign aid, most were

mildly so, and none more than halfway between muddled and incoherent.

Furthermore, while greatest good and governance promotion were found to be 

quite coherent strategies with one another inside countries, across countries the allocation

profiles exhibited significant differences among them and did not contain similar 

allocations of programs as assumed by other foreign aid scholars. Appropriately, 

coherence was found to have a positive and significant effect on the change in the level of

development individually in countries when accounting for previous economic strength in

the form of gross domestic product and overall size of the aid packages, though the effect

is diminished as total aid grows 
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Taken together, the empirical and complex adaptive examinations of governance 

and foreign aid shed significant additional light on the policy process of each. The final 

chapter will attempt to step back and draw out the implications of this work and suggest 

future research avenues which have arisen in part from these investigations but remain 

outside their scope. 
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CHAPTER SIX: IMPLICATIONS AND FUTURE RESEARCH 

An appropriate coda to this dissertation is a short discourse on the wider 

implications of the results presented. This chapter will, therefore, return to the premise of 

informing foreign aid policy and set the findings of the previous chapters in the larger 

context of international development aid. Finally, given the extremely modular nature of 

the tool developed, a few suggested avenues for future research will be discussed.

Section One: Implications  

Methodology

Methodologically, this work represents a step forward in the application of 

complex adaptive techniques to problems of practical importance in international 

development policy. Building on the progress made by researchers in the past several 

years, this work displays the applicability of agent-based models which are validated by 

historical data and parsimonious behavioral rules. Not only that, but the very significance

of this model is tied to its ability to draw inference from its conceptualization of 

development as a complex adaptive system. While ABM’s have proven well-suited in 

myriad subject areas, currently international development and governance in particular 

represent relatively unexploited fields for the methodology. The success of this model 

rests on its ability to reproduce historical outcomes in a statistically sound manner and to 
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add layers of understanding to the phenomena it models for the purpose of pursuing 

desired policy outcomes in the future. Through the use of this model, significant findings 

in the areas of governance and policy cohesion were possible; yet even these are certainly

not the fullest extent of what the flexibility of this model can provide. 

Foreign Aid Policy in Good Governance

This work has not questioned the essential importance of good governance in 

international development and therefore its place as a fitting goal of foreign aid policy. 

However, in reliance on linear methods which require large sample sizes to adequately 

account for the many facets of development embroils us in the intractable problem of 

how best to improve an amorphous concept which is unique to each individual situation. 

One of the major findings of this work adds to the governance debate in international 

development and foreign aid by showing how both greater changes in governance 

indicators and donor attention to coherently supporting good governance lead to better 

outcomes in overall development. The empirical analysis presented here demonstrates the

importance of good governance not by estimating a uniform practice for all countries 

regardless of context, but precisely by using agent-based models to fit aid to the 

allocations that provide the best development outcomes in the context of each country. 

That has not been possible for analyses operating in the regression framework. 

As shown through the counterfactual scenarios as well as the empirical analysis of

the data derived therefrom, slight changes in governance levels can profoundly impact 

the overall development of a country over the course of time outside of level of the 

indicators themselves. As a function of the network of policy interactions unique to each 
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country and as a factor in the allocation of resources pursuant to a set of goals, 

governance affects indicators across a range of policies. Low levels of governance hinder 

development and divert resources away from policies which more directly impact the 

lives of developing nation citizens and higher levels accelerate overall development and 

clear the way for the more efficient allocation of resources across the broad spectrum of 

policies. While this finding is far from controversial, the ability of the model to shed light

on how and to what degree each of the dimensions matters in individual countries (as 

opposed to the average effect) has the potential to greatly impact not only the efficiency, 

but the selectivity of aid as well. Knowing which dimensions of governance are likely to 

more quickly in a given country improve governance overall in a given country as 

opposed to what works on average in a broad sample of greatly varying countries allows 

an agency to more selectively target aid for the best overall cost-benefit. The ability to 

examine the impact of development policy in many countries in their individual contexts 

using ABMs bridges the enormous gap between regression analyses, which estimate 

average effects across diverse setting and randomized control trial analyses, which give 

highly accurate effects of policies in a particular context but cannot readily be 

generalized across difference countries (Pritchett and Sandefur 2015).

Using the empirical analyses as a guide, one can easily embark upon a more 

expansive investigation into the changes in good governance in any given context to 

more closely align a slate of aid programs through repeated Monte Carlo simulations. In 

that way, instead of blindly pursuing an ideal, one can realistically examine what is 
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possible given the context of each country and prescribe policy based on the likelihood of

success. 

As the results of the policy coherence chapter indicate, in so far as policies and 

programs affect governance and overall development differently in every recipient 

nation, aid agencies are incoherently pursuing each of those goals. The output of this 

analytical tool provides a means to align policy with goals. The national level of the 

ABM developed here means it is ideally suited for determining program allocation at the 

country level in developing countries. Admittedly, this tool cannot eliminate the donor 

country political interference which has been shown to exist in many dyadic aid 

relationships (Boone 1996). This sort of top-down dictate cannot be accounted for in this 

model and would likely come from higher levels in an organization than that where 

individual country policy is planned. In many organizations, recipient countries are 

grouped regionally, below leadership levels, but are not immune from political influence. 

Multilateral organizations such as the World Bank, in theory, have no foreign policy 

preferences of their own but remain subject to the consensus policy of their funding 

members. Though planning and implementation may ultimately remain biased, this tool 

nonetheless provides the means to work most effectively at the edges, at least at a 

national level. Moreover, because it estimates ideal allocation profiles in terms of 

percentages it is adaptable to many levels of budget resources. 

Of course in order to properly take advantage of a tool such as this on an ongoing 

basis, revisions to monitoring and evaluation practices are needed, which some agencies 

are better equipped to incorporate than others. Just as this model is fed by data, only the 
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further incorporation of new data from ongoing programs can hone the model and extend 

the relevant policy horizon. The yearly incorporation of indicators and spending data (the 

default data cycle) and the re-estimation of networks will tease out context-specific 

policy and program successes to better inform upcoming policy decisions. Likewise, 

proprietary data such as exact budget numbers, accessible from host country partners, and

aid agency disbursements on a yearly basis, which are unavailable to researchers, would 

significantly strengthen the analysis possible with this tool and would be accessible at the

agencies themselves. The ultimate practicality of this tool is its ability to inform based on 

a constantly evolving system, therefore, constantly improve with new data. 

An implicit extension of this constant influx of data is the necessity of being able 

to abandon courses of action or programs which are underperforming or must be adjusted

to suit updated goals (Ramalingam and Jones 2008). The British Department for 

International Development has shown that it is possible to make early concessions, 

changing aid allocations when it seems necessary, though it is perhaps too early to 

evaluate their ultimate success (Ramalingam, Laric, and Primrose 2014). In the United 

States, at USAID and the Millennium Challenge Corporation, the outlook is perhaps less 

hopeful – at the former because of its rigid project planning cycle dependent on third 

party contractors and at the latter because of its relatively recent establishment. 

Nonetheless, MCC was itself stood up to explicitly address the failings of USAID and 

embodies more complexity principles which might allow the easy embedding of a tool 

such as that developed here despite the relative youth of the agency (Chhotray and Hulme

2009).
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The promise of computational and complex adaptive methodology is great for 

tackling the issues in international development and governance in particular. Still, the 

tool remains a work in progress. The next section will review a few potential areas for 

further research.

Section Two: Future Research  

The extreme modularity of this model permits the investigation of many 

additional theories and indicators far in excess of the scope of this dissertation. This 

section will briefly discuss a few of the possibilities which have arisen tangentially 

during the course of this investigation.

One obvious extension of the model developed here is the inclusion of additional 

variables concerning elements of development not covered. The original PPI model, for 

instance, covered a similar number of indicators but was focused more on economic 

development than this model. While some indicators were carried over into this 

implementation, most were changed for a more holistic view of development in line with 

current international development thinking. Nonetheless, the original authors have since 

expanded their model to cover all of the Sustainable Development Goals, covering nearly

200 indicators and representing a far broader definition of development. The only 

requirement for adapting this tool to additional specialized indicators would be to re-

estimate the network among the indicators to accurately map the topography for the 

political economy game. Along those lines would be the extending of the model to assess 

the impact of foreign aid programs not yet implemented to attempt some prospective 

modeling of a proposed intervention. In that case, a comparison of the networks among 
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similar countries would need to be undertaken, the most similar one selected, and any 

effects estimated. This would require the exercise of caution, as any attempt at such an 

investigation would involve a significant amount of validation and likely only provide a 

wide range of possible outcomes, but nonetheless would be better than undertaking the 

same based on average effects from a linear model. 

Early in the model description, other network estimation techniques were 

mentioned over the course of justifying the use of the Bayesian method for this model. 

Another extension of this model would be to explore the networks produced by the other 

techniques, incorporate them into the model either as separate runs or as part of a 

consensus network, and observe the differences among the results presented for each. 

Indeed, there is a lively debate about varying techniques that is not fully accounted for in 

this work (Ospina-Forero, Castañeda Ramos, and Guerrero 2019). 

One compromise for the sake of clarity is that this model considers the entire 

foreign aid donor community as a monolithic entity with one set of goals and the ability 

to adjudicate all allocations across the host country. This is obviously not the case as 

there are dozens of independent agencies, each of which has its own priorities, funding 

constraints, and ability to implement its projects abroad. Fortunately, while this model 

aggregates the data to a universal level, it could just as easily be disaggregated to tease 

out the dynamics when multiple agencies compete and/or cooperate in each country. In 

addition to being able to obtain more granular detail on issues such as policy coherence 

by agency, one could possibly detect underlying political influence which affects 
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allocations and the like in developing nations due to other foreign policy considerations 

on behalf of the donor countries. 

Likewise, datasets such as AidData, which sources its data from the same OECD 

submissions as this work, often include links to project documents and implementation 

plans as part of their research agenda. Combining this resource with the results of the 

policy coherence chapter, one could shed further light onto what makes interventions 

successful by using common text-mining techniques to uncover similarities among 

categories of successful programs in order to build a better understanding of what types 

of projects raise governance or overall development in the specific context of each 

country or even across countries.

Corruption remains a major part of the foreign aid system and a large source of 

dissension among aid donors. Corruption is endemic to the model developed here, but 

other than being a clear factor in the efficient translation of dollars to policy outcomes, 

little other investigation is performed. Though it is undoubtedly of interest to 

policymakers, it is outside the scope of this dissertation. Taking advantage of the Monte 

Carlo simulations, one could easily undertake a research agenda to investigate whether 

spillover effects systematically hide corruption in certain kinds of policy programs or 

investigate ways to specifically root out corruption by targeting investigations towards 

likely sources of corruption, informed by this model.  

Other counterfactual scenarios could also be examined including different goals 

of the government (usually assumed to be the final indicator values of the dataset) or 
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drastically altering budgets or seeking to adopted multi-year budget plans along the lines 

of the Millennium Challenge Corporation to delineate their likely effects.

Finally, the overall development index utilized by the empirical aspects of this 

analysis could be altered. Currently, through normalizing to (0,1) the various indicators 

are compared to each other based on the construction of the individual measures. For 

example, currently improving corruption governance by X is the equivalent of Y hospital 

beds or Z miles of infrastructure. Clearly though, different donors and host countries may

weigh certain factors more heavily in their goals and scholars may wish to construct their 

own indices of overall development that which place more emphasis on particular 

outcomes, e.g. democracy. This is easily accomplished using the outputs of this model 

and could potentially be adapted for many different measures as required. These are just a

few of the various additional lines of inquiry possible with such a modular tool. 

In conclusion this dissertation has developed a complex agent-based model of 

good governance and foreign aid assistance, and used it to demonstrate the importance of 

both good government and achieving policy coherence in foreign aid. In addition, this 

investigation has produced a model with great potential to continue to be utilized and 

adapted for further research on a broad variety of issues in foreign assistance for 

development.
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APPENDIX – GENERAL MODEL CODE

# Date: 2/18/2020
# Author: Brian Z. Wilson
# Purpose: ABM for Dissertation
# Hardware/OS: Dell Inspiron 7359, Skylake i7 6600U @ 2.5 GHz, 16GB RAM, Pop!
_OS
# Programming Language/IDE: Python 3.7, Julia 1.3.1, R 3.6
# Files Used: Adjacency Matrix by Country, Full Dataset of Development indicators
# Output Files: Results CSV with Budget, Value, Benefit for Bureaucrats and 
AidPrograms
# Data Output: Suppressed
##

################## Agent Structs#############
#object for bureaucrats
mutable struct Bureaucrat
value::Array
budget::Array
benefit::Array
name::String
distancetogoal::Array
caught::Bool
punished::Bool
corruptdisposition::Float64
corrupt::Int64
goal::Float64
step::Array
caughtchances::Array
goalmet::Bool
end

#object for central authority
mutable struct CentralAuthority
budget_constraint::Array
goals::Array
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priorities::Array
RoL::Array
CoC::Array
GE::Array
punishArray::Array
end

mutable struct AidAgency
budget_constraint::Array
priorities::Array
goals::Array
yearlyfundedprograms::Float64
end

mutable struct AidProgram
name::String
budget::Array
out_degree::Int64
reduced::Bool
FundingOdds::Float64
end
#####################################################

############ Functions #############################

##
#Reads Necessary Files, Adjacency Matrix from sparseBN, Full Dataset filtered to 
country
##
function ReadFiles(country)
    #Full dataset filtered to country
    global data = 
CSV.read("/home/brianzwilson/Documents/PhD/Dissertation/Final_Dissertation_Data/
SCALED_INTERPOLATED_INVERTED_1.csv")
    data = data[data[:,:recipient_iso3c].==country,:]
    
    #Adjacency Matrix from sparseBN - from matrix folder
    global matrix = 
CSV.read("/home/brianzwilson/Documents/PhD/Dissertation/Final_Dissertation_Data/
AdjacencyMatrix/AM_$(country)_Normalized.csv", header = names(data[:,1:83]), 
normalizenames = true)

    #Assignment of variables for agents to select from
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    global BureaucratVariables = String.(names(data[:,1:41])) #first 41 columns                  
    global AidAgencyVariables = String.(names(data[:,42:83]))# agency spending, 
columns 42-83
end

##
# Caluclates each step by money spent for each indicator
##
function AvgStep()

indicatordelta = [data[nrow(data), index] - data[1,index] for index in 1:41] 
#total growth in indicators
positivegrowth = sum(indicatordelta[indicatordelta.>0])  #positive growth in 

indicators

global totaldelta = sum([abs(data[nrow(data), index] - data[1,index]) for index in 
1:41]) #abs +/- growth

govtexpend = sum(data[:,:govt_expend_lag]) #govt spending
agencyexpend = (sum(data[:,:aid_expend_lag])*.9154) #agency spending
for (index,Bureaucrat) in enumerate(Bureaucrats) #growth factor somewhere 

between spending values
Bureaucrat.step = sort!([positivegrowth/(govtexpend + 

agencyexpend),positivegrowth/govtexpend]);end
end

##
# Instantiates Agents and sets initial values
##
function InstantiateAgents()
    global Govt = CentralAuthority([],[],[],[data[1,27]],[data[1,1]],[data[1,3]],[]) # 1 
Central Authority to allocate budget, set priorities, punish corruption, etc. 
    global Bureaucrats = [Bureaucrat(float([data[1,index]]),[0.0],[0.0],value,[],false, 
false,0.0,0, data[nrow(data),index],[],[],false) for (index,value) in 
enumerate(BureaucratVariables)] #indicators agents
    global Agency = AidAgency([], [], [], 0.0)    # 1 AidAgency to set goals, allocate, 
budget, etc. Budget Constraint is average for each year
    global AidPrograms = [AidProgram(value,
[0.0],sum(Array(matrix[index+41,1:41]).>0)-sum(Array(matrix[index+41,1:41]).<0), 
false, 0.0) for (index,value) in enumerate(AidAgencyVariables)] #outdegree = net+
end

##
# Determines # of yearly programs and funding odds for Aid, not every program every 
year
##
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function AgencyProgramSetUp()
yearlyprograms=0
for row = 1:nrow(data)   #counts non-zero budget amounts across data

yearlyprograms +=count(!iszero, data[row,42:83]);end
Agency.yearlyfundedprograms = round(yearlyprograms/=nrow(data)) #divides by

years and sets for agency

for (index, AidProgram) in enumerate(AidPrograms)
column = index + length(BureaucratVariables)   #counts non-zero 

instances / years to get odds, many 100%
AidProgram.FundingOdds = count(!iszero, 

data[:,column])/nrow(data);end
end

##
# Determines budget for aid and govt every year based on distribution of data
##
function AgencyGovtBudget()

#draws from normal distribution matching mean & std of budget data
push!(Agency.budget_constraint, 

abs(rand(Normal((mean(data[:,:aid_expend_lag]) *.9154), std(data[:,:aid_expend_lag] 
*.9154)))))

#looks at span, calculates avg year growth, multiplies by coefficient of variation 
for set

budgetgrowth = 
(maximum(data[:,:govt_expend_lag])/minimum(data[:,:govt_expend_lag]))^(1/
(nrow(data)-1)) #interest %

coeffvar = std(data[:,:govt_expend_lag])/mean(data[:,:govt_expend_lag]) 
#coefficient of variation

newbudget = minimum(data[:,:govt_expend_lag])*(budgetgrowth^tick) #starts @
tick 1, ignores 1st $

randomness = rand(Normal(1, coeffvar)) #perhaps half variation to make sure two
deviations is here

push!(Govt.budget_constraint, newbudget * randomness)
end

##
#Assigns aid budget across programs selected each tick
##
function AgencyProgramBudgetAllocation()

#assign programs budgeted every year, others according to % of years they are 
funded

FundedThisCycle = []
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for AidProgram in AidPrograms    #adding in all with 100% odds
if AidProgram.FundingOdds == 1.0; push!(FundedThisCycle, 

AidProgram); end;end

#Randomly sample remaining programs and test against odds to fill allocation for 
year

while length(FundedThisCycle) < Agency.yearlyfundedprograms
selection = sample(AidPrograms)  #randomly select remaining
if selection in FundedThisCycle

continue      #fill according to odds of selection
elseif rand() < selection.FundingOdds;push!(FundedThisCycle, 

selection);end;end

#sorting program slate by out-degree, more connections, more funding
RestructuredList = sort!(FundedThisCycle, by = v->v.out_degree, rev = true) 

#sorting by out_degree
   

#restructuring priorities based on govt effectiveness
    for AidProgram in RestructuredList
        index = findall(x->x==AidProgram, RestructuredList)  #get index of item in list
        if AidProgram.reduced == true && index[1] != length(RestructuredList) #if govt 
ineffective on large program, reduced in priority

RestructuredList[index[1]], RestructuredList[index[1]+1] = 
RestructuredList[index[1]+1], RestructuredList[index[1]];end

AidProgram.reduced = false;end #reset boolean for next round

#determing $ amounts for budget line items
programlist = rand(length(FundedThisCycle))  #Random values for budget 

allocation %
    programtotal = sum(programlist)         #summing value to get value
    programlist = programlist./=programtotal #dividing by total to get %
    programlist = sort!(programlist, rev = true) #sorting - highest % goes to highest out-
degree

programtogether = collect(zip(values(programlist), values(RestructuredList))) 
#zipping lists

#assigning budget to each program
for i in 1:length(programtogether), AidProgram in AidPrograms

        if AidProgram ==programtogether[i][2]   #assigning exact amount to each program 
in selected list

push!(programtogether[i][2].budget, programtogether[i]
[1]*Agency.budget_constraint[end])

end;end
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#assigning 0.0 budget to those not funded
for AidProgram in AidPrograms

if AidProgram in RestructuredList   #skip if already assigned budget
continue 

else push!(AidProgram.budget, 0.0); end;end
end

##
# Set goals which govern the cessation of simulation
##
function SetGoals()   #can be changed, as will be done in later investigations
    global Govt.goals = [x for x in data[nrow(data),1:41]] #final datapoints in dataset for 
each indicator

[push!(Bureaucrat.distancetogoal, Bureaucrat.goal-Bureaucrat.value[end]) for 
Bureaucrat in  Bureaucrats] 

end    

##
#Determine if goals have been reached, if so, stop simulation
##
function CheckGoals()    #get current value of all indicators

for Bureaucrat in Bureaucrats
if Bureaucrat.name in 

["bci_bci","wbgi_gee","wbgi_pve","wbgi_rqe","wbgi_rle","wbgi_vae"]
Bureaucrat.goalmet = true;end;end

for Bureaucrat in Bureaucrats
relevantvalues = [Bureaucrat.distancetogoal[1], 

Bureaucrat.distancetogoal[end]]
if relevantvalues[1] == 0.0 || sign(relevantvalues[1]) != 

sign(relevantvalues[2]) #if changed signs to account for +/- growth as required
Bureaucrat.goalmet = true;end;end

goalsarray = [Bureaucrat.goalmet for Bureaucrat in Bureaucrats] #see hom many 
with goalsmet
    if count(goalsarray) == length(Bureaucrats);global goalsmet=true;else global 
goalsmet=false;end
end

##
# Calibrating corruption to Control of Corruption
##
function CorruptionCalibration()
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for Bureaucrat in Bureaucrats; Bureaucrat.corruptdisposition = rand()^(1-
Govt.CoC[end]);end 
end

##
#Setup, call administrative functions prior to starting simulation
##
function Setup(country)  #requires country be stated, see functions called for detailed 
notes
    ReadFiles(country)
    InstantiateAgents()

CorruptionCalibration()
    AvgStep()

AgencyProgramSetUp()    
    SetGoals()
    CheckGoals()  
end

##
# Determining Govt Budget Allocation across priorities
##
function GovtBudgetAllocation()

#calculating distance to goal for each indicator
priorities= sort!([(Bureaucrat.distancetogoal[end],Bureaucrat.name) for 

Bureaucrat in  Bureaucrats], rev = true, by = v->v[1])
    

#assigning ordered list to priorities to be used in budget allocation
    global Govt.priorities = [item[2] for item in priorities] 

remainingdelta = [Bureaucrat.goal-Bureaucrat.value[end] for Bureaucrat in 
Bureaucrats] #remaining growth

positivegrowth = sum(remainingdelta[remainingdelta.>0]) # %positive
negativegrowth = sum(remainingdelta[remainingdelta.<0]) # % negative

global budgetadjustment = (positivegrowth + 
abs(negativegrowth))/positivegrowth #adjust so budget amount is for positive growth

allocationdelta = sum([abs(Bureaucrat.goal-Bureaucrat.value[end]) for Bureaucrat
in Bureaucrats]) #includes negative growth

for Bureaucrat in Bureaucrats #assign budget based on % of growth needed
push!(Bureaucrat.budget, 

Bureaucrat.distancetogoal[end]/allocationdelta*(Govt.budget_constraint[end]*budgetadju
stment));end
end
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##
# Determining level of corruption for each bureaucrat
##
function BureaucratCorruption()        
    for Bureaucrat in  Bureaucrats    
        if Bureaucrat.caught == true && Bureaucrat.punished == true   #reset, new 
bureaucrat
            Bureaucrat.corrupt = 0   #if caught in the previous round, reset, retest disposition

Bureaucrat.corruptdisposition = rand()^(1-Govt.CoC[end]);end  
#disposition set randomly

if Bureaucrat.corrupt == 1;push!(Bureaucrat.benefit,0);end  #uncorrupt, no
benefit

        if Bureaucrat.corrupt == 2    #corrupt
            if Bureaucrat.caught == false && Govt.punishArray != []   #if they have not but 
others have been caught

if 
Bureaucrat.benefit[end]*Bureaucrat.budget[end]/mean(Govt.punishArray) <=1 #if under 
avg of already punished

if rand() >= 
Bureaucrat.benefit[end]*Bureaucrat.budget[end]/mean(Govt.punishArray) # goes down 
closer to avg

push!(Bureaucrat.benefit, 
Bureaucrat.benefit[end]*rand(Normal(1.05, 0.025)))  #increase benefit by rand() 
percentage

else; push!(Bureaucrat.benefit, 
Bureaucrat.benefit[end]);end #same benefit carries over 
                    

elseif 
Bureaucrat.benefit[end]*Bureaucrat.budget[end]/mean(Govt.punishArray) >=1 #if over 
avg

push!(Bureaucrat.benefit, 
Bureaucrat.benefit[end]*rand(Normal(0.95, 0.025)));end #most likely to go down if over 
avg
                
            elseif Bureaucrat.caught == false && Govt.punishArray == []  #if not caught nor 
any othe caught, increase take

push!(Bureaucrat.benefit, 
Bureaucrat.benefit[end]*rand(Normal(1.05, 0.025)))
            elseif Bureaucrat.caught == true && Bureaucrat.punished == false  #if caught but
unpunished, try not to get too greedy
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push!(Bureaucrat.benefit, 
Bureaucrat.benefit[end]*rand());end;end # decrease benefit if caught, but not punished
        

if Bureaucrat.corrupt == 0 #test to see if corrupt based on disposition
            if rand() <= Bureaucrat.corruptdisposition; Bureaucrat.corrupt = 2 #corrupt

push!(Bureaucrat.benefit,abs(1-rand(Normal(0.9875, 
0.0025))))  #initial benefit

else; Bureaucrat.corrupt = 1; push!
(Bureaucrat.benefit,0);end;end # not corrupt, carried forward

        Bureaucrat.caught = false               #reset booleans for next round     
Bureaucrat.punished = false;end

end

##
# Testing against indicator for corruption policing to see if caught stealing
##
function Caught()

corruptlist = sort!([Bureaucrat.benefit[end]*Govt.budget_constraint[end] for 
Bureaucrat in  Bureaucrats])
    for Bureaucrat in  Bureaucrats   #each caught based on CoC, size of benefit, priority of 
govt

if Bureaucrat.benefit[end] != 0.0  #only test corrupt ones
priorityplacement = findall(x->x==Bureaucrat.name, 

Govt.priorities)  #placement in list of govt priorities, overall corruption
corruptplacement = findall(x-

>x==Bureaucrat.benefit[end]*Govt.budget_constraint[end], corruptlist)
push!

(Bureaucrat.caughtchances,Govt.CoC[end]*(corruptplacement[1]/length(corruptlist))*(1/
priorityplacement[1]))

if Bureaucrat.caughtchances[end] + rand() >=1   #after calculating 
chances, add to random number and if more than one, gets caught

Bureaucrat.caught = true;end;end;end #trip boolean to be 
punished/replaced
end

##
# Testing against indicator for rule of law to see if punished after caught stealing
##  
function Punished()
    for Bureaucrat in  Bureaucrats       
        if Bureaucrat.caught == true   #if caught

if Govt.RoL[end] + rand() >=1
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                Bureaucrat.punished = true #trip boolean to be replaced, push benefit to array 
for others to calculate against

push!(Govt.punishArray, 
Bureaucrat.benefit[end]*Bureaucrat.budget[end]);end;end;end
end

##
# Testing against government effectiveness to determine aid, accounts for amount of 
budget
##
function AidRestructuring()   

mostfunded = sort!([AidProgram.budget[end] for AidProgram in AidPrograms]) 
#order by budget size
    for AidProgram in AidPrograms

if AidProgram.budget[end] != 0.0 #only test programs funded this cycle
placement = findall(x->x==AidProgram.budget[end], mostfunded)
if (placement[1]/length(mostfunded)*(1-Govt.GE[end]))

+rand()>=1
AidProgram.reduced = true;end;end;end

end

##
# Use budget and spillover effects to calculate new values of indicators every tick
##
function UpdateIndicators()

budgetlist = [Bureaucrat.budget[end] - 
(abs(Bureaucrat.budget[end])*Bureaucrat.benefit[end]) for Bureaucrat in  Bureaucrats]

append!(budgetlist, [AidProgram.budget[end] for AidProgram in AidPrograms]) 
#collecting budgets 

#budgetlist[budgetlist.<=0.0].=0.0
for (index,Bureaucrat) in enumerate(Bureaucrats)

        spillovers = matrix[:,index]   #running down column for spillover effects
        effects = collect(zip(values(budgetlist), values(spillovers))) #zipping effects to 
budget

toadd=0.0
budgeteffect = 

rand(Uniform(Bureaucrat.step[1],Bureaucrat.step[2]))*(Bureaucrat.budget[end]-
(abs(Bureaucrat.budget[end])*Bureaucrat.benefit[end])) #growth from budget

toadd += 
sum(abs(rand(Uniform(Bureaucrat.step[1],Bureaucrat.step[2])))*item[1] * sign(item[2]) 
* log(abs(item[2])+1) for item in effects) #spillover effects, log modulus 
transformation to smooth out extreme effects

push!(Bureaucrat.value,Bureaucrat.value[end] + toadd+budgeteffect)    
#growth from spillovers
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if Bureaucrat.name == "bci_bci"  #three testing variables, kept in 
additional list for easy recall

push!(Govt.CoC, Bureaucrat.value[end])
        elseif Bureaucrat.name == "wbgi_rle"

push!(Govt.RoL, Bureaucrat.value[end])
        elseif Bureaucrat.name == "wbgi_gee"

push!(Govt.GE, Bureaucrat.value[end]);end;end
[push!(Bureaucrat.distancetogoal, Bureaucrat.goal-Bureaucrat.value[end]) for 

Bureaucrat in  Bureaucrats] 
end

##
# Write array of results for each round, can be expanded for other factors
##                                                              
function Metrics(round)

for Bureaucrat in  Bureaucrats
valuenames = [Bureaucrat.name, round, "value"]
valueentry = append!(valuenames, Bureaucrat.value)
push!(resultsarray, valueentry) #write indicators values by tick

budgetnames = [Bureaucrat.name, round, "budget"]
budgetentry = append!(budgetnames, Bureaucrat.budget)
push!(resultsarray, budgetentry) #write budget data by tick

benefitnames = [Bureaucrat.name, round, "benefit"]
benefitentry = append!(benefitnames, Bureaucrat.benefit)
push!(resultsarray, benefitentry);end #write benefit data by tick

for AidProgram in AidPrograms
Aidbudgetnames = [AidProgram.name, round, "budget"]
Aidbudgetentry = append!(Aidbudgetnames, AidProgram.budget)
push!(resultsarray, Aidbudgetentry);end #budget data by tick

end

##
# Concatenate each round of MonteCarlo into unified dataframe
##
function ConcatenatedMetrics(country)

namelist = ["indicator", "round", "variant"]   #names for columns, ticks based on 
longest entry
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append!(namelist, ["tick_$k" for  k=1:length(resultsarray[argmax(length.
(resultsarray))])-3])

pushfirst!(resultsarray, namelist)
timestamp = Dates.now() #timestamp to individualize it

writedlm("/home/brianzwilson/Documents/PhD/Dissertation/Final_Dissertation_Data/
Results/RegularRuns_$country$timestamp.csv", resultsarray)

end

##
# Runs one simulation to completion for specified country
##
function Run(country,round) #see called functions for description

Setup(country)
    global tick = 1
    while goalsmet==false #tick <=15 #loop until goals met 

AgencyGovtBudget()
GovtBudgetAllocation()
AgencyProgramBudgetAllocation()
BureaucratCorruption()                                                                 

        UpdateIndicators()
CheckGoals()

        Caught()
        Punished()
        AidRestructuring()       

# println("Tick: ", tick)
tick+=1;end #add one to tick count

Metrics(round)
    println("Round: ", round)
end

##
# Runs specified number of simulations for specified country
##
function MonteCarlo(rounds, country) #see function descriptions

global resultsarray = [] #instantiates global results array
for i in 0:rounds

Run(country,i);end
ConcatenatedMetrics(country)

end
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########################################################################
###
#Actual Program
########################################################################
###
#dependencies
using CSV, DataFrames, Statistics, Distributions, Dates, StatsBase, Suppressor, 
DelimitedFiles

fulldata = 
CSV.read("/home/brianzwilson/Documents/PhD/Dissertation/Final_Dissertation_Data/
SCALED_INTERPOLATED_INVERTED_1.csv")
fullcountrylist = unique(fulldata[:,:recipient_iso3c])
#Regular Run, one round, for Rwanda, suppressed output

for country in fullcountrylist
@suppress_out MonteCarlo(999,country)
println("Done with: ", country);end

#Regular Run, one round, for Rwanda, suppressed output

@time @suppress_out MonteCarlo(0,"BDI")

########################################################################
####
# End of Actual Program
########################################################################
####
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