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Abstract 

This study examines the complex factors and causes of Haiti’s ecological demise, identifying the 

tipping points which led to its early environmental challenges, its eventual isolation, economic 

stagnation and decline within the exclusionary global economic system of mercantilism, all 

resulting in, and reinforced by, a complex western ideological bias defined as ‘Haitiism’. The 

literature review examines the historical trends of colonized and independent Haiti under the 

notional concepts of victim blaming theory, political ecology, ecological economics, and 

cumulative causation theory. These notions are applied as lenses of inquiry firstly to absolve 

Haiti of full blame for its environmental distress, and to identify and provide clarification on the 

adverse historical events that lead to its current state of poverty. In responding to ecological 

pressures, this research applies an intervention strategy that (1) examines the practicability of 

rebuilding soil horizons on Haiti’s eroded parent soils, using blends of biochar and compost to 

create Anthroposols by the process of restorative anthropedogenesis; (2) develop a closed loop 

cycle between pyrogenic carbon and farm soils, and; (3) investigate how an integrated food-

energy system could impact Haiti’s biogeochemical cycles to restore ecological interactions and 

ecosystem services. The mixed methods research and analysis applied in this inquiry 

incorporates both quantitative and qualitative measures of assessment to improve upon the 

understanding of the relationship between Haiti’s soil biogeochemistry and the resuscitation of 

ecosystems services which are pivotal for livelihoods development at the household level.    

Keywords: Anthroposols, Charcoal Chain, Columbian Exchange, Cumulative 

Causation, Deforestation, Ecological Capitalism, Ecological Economics, Ecological Crisis 

Areas, Haitiism, Integrated food-energy system, Mercantilism, Orientalism, Political Ecology; 

Restorative anthropedogenesis, Tipping Points, Trophic Hierarchies; Victim Blaming Theory  
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Chapter 1: General Introduction  

1.1 Situational analysis: A statement of the problem of Haiti 

In western thought and perception, Haiti is considered an underdeveloped and 

environmentally ravaged country that has been plagued by self-inflicted political instability and 

persistent poverty since it revolted and won independence from Colonial France in 1804. In 

reality, Haiti was the first and only successful slave revolt to occur during the colonial period, 

and it was the second New World nation to free itself from European governance  a mere twenty-

eight years after the United States had done so. Despite these achievements, Haiti currently lags 

behind Latin American and other Afro-Caribbean nations in all parameters of social and 

economic progress, the poorest and most powerless country in the western hemisphere, living in 

the shadows of the United States which is the most powerful country in the world.  

Much, if not all of the commentary on Haiti and on its socio-economic and ecological 

problems have been reported to the world through the voice and message of the western media, 

seemingly in the glaring absence of the Haitian voice on the forces of economics, politics and 

nature that have subjugated both land and people. At the outset, care is taken within the confines 

of this study to avoid describing the territory’s environmental challenges as ‘Haiti’s 

environmental failure’, as this ascribes blame and fault directly and entirely to Haiti and Haitians 

and avoids mention of the true beneficiaries of the wealth extracted from the territory.  

Based on the standards of measurement established by western economics, the 

development of Haiti has been severely restricted by five centuries of sustained environmental 

degradation, widespread poverty and inequality, increasingly high levels of unemployment, poor 

water and sanitation, limited health service outreach, food insecurity and malnutrition, weak 
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institutions with limited decentralization, limited social safety nets, political fragility, and the 

lack of ‘sustained social cohesion’ (UNDP, 2010). These factors converge to render the country 

highly vulnerable to natural and anthropogenic disasters which place significant strain on 

extremely weak national coping capacities. The United Nations Development Program (UNDP) 

designates Haiti as one of the countries least able to rebound from natural disasters (UNDP, 

2010), and from among two hundred countries ranked in its Climate Change Vulnerability Index 

for 2012, the Maplecroft Climate Change and Environment Risk Atlas named Haiti most at risk 

from climate change (Maplecroft, 2011). High levels of political, social and economic fragility 

exacerbate the threat raised by natural hazards. 

During the period of French colonialism, the territory of Haiti was the most productive 

agricultural colony in the Americas, thus the great paradox of modern Haitian existence is that its 

gravest misfortunes arise from the problem of food insecurity. This has been mostly attributed to 

pervasive deforestation resulting in massive-scale land erosion and soil exhaustion that 

contribute directly to the destruction of watersheds and fragile ecological habitats in a very 

mountainous country (Diamond, 2005, p. 339; McClintock, 2003, p. 2). During the early post-

colonial period of Haitian nationhood, the country’s environmental problems were compounded 

by economic isolation and coerced financial repatriation to France for the latter’s ‘loss of 

economic fortunes’ which stemmed directly from Haitian independence and political autonomy 

(Nesbitt, 2005, p. 45).  

According to Murray (1987, p. 216), Arawak Indians living in pre-Colombian Haiti had 

reached a compromise with the forest ecology of the island, but their market-oriented colonial 

successors saw monetary treasure in the trees, and began removing hardwoods for export, the 

cleared land becoming profitable for the monoculture production of sugar cane, coffee, and 
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indigo for European markets. Even after Haiti became an independent republic in 1804, forced 

economic obligations necessitated the arrival of foreign lumber companies which cut and 

exported most of the nation’s hardwood species, triggering the ecological collapse which has left 

so little forest resources for today’s inhabitants of the territory. By the beginning of the twentieth 

century, agricultural trade liberalization policies imposed on the Haitian government by foreign 

lenders and donor organizations rendered its economic future even more bleak, and local 

conditions were worsened by entrenched rural problems including land tenure insecurity, high 

land rents, the fragmentation of landholdings, the absence of agricultural services and inputs 

including seeds, fertilizer, agricultural credit and poorly maintained or non-existent transport 

infrastructure (Jean, 2010, p. 108).  

Since colonial times, there has been an exponential increase in Haiti’s population with 

resulting decreases in the average size of family holdings. Increasing competition for land 

resources for both food and fuelwood have led to the evolution of a land use system devoid of 

systematic fallow periods. Murray (1987, p. 216) suggested that this triggered the onset of a 

vicious cycle that seemed to have ‘targeted the tree for ultimate destruction.’ Additionally, the 

elimination of a regenerative fallow phase in the local agricultural cycle precipitated catastrophic 

cyclical declines in per hectare food yields which forced Haitian peasants into alternative 

income-generating strategies that cause even more environmental problems. With the 

progressive loss of natural resources in rural areas, increasing numbers of rural people crowd 

into urban centers, creating an increasing market for construction wood and charcoal which must 

be sourced from the remaining forested rural areas (Murray, 1987, p. 216). The intensive use of 

fuelwood for cooking and production of charcoal has occurred for decades without systematic 

regeneration of wood and other biomass, leading to wide-scale deforestation that has resulted in 
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less than 1% of Haiti’s original forests remaining by 2010 (Johnson-Williams, 2011, p. 20). By 

comparison, the global average of forest cover is 9% as estimated by the FAO (2010, p. 11). 

By far, the most important natural resource of any county resides in its carbon stock 

stored in woody biomass, dead wood, litter and forest soils (FAO, 2010, p. 10). The world’s 

forests store more than 650 billion tonnes of carbon, 44% in woody biomass, 11% in dead wood 

and litter, and 45% in the soil held beneath the roots of trees (FAO, 2010, p. 11). Soils contain 

two times as much carbon as the atmosphere (FAO, 2004, P. 3), but in the case of Haiti, the stark 

unavailability of this resource reduces the potential for biomass production including the 

cultivation of food crops. Consequently, 80% of Haiti’s 9.8 million people currently live below 

the poverty line, and 54% live in extreme poverty, that is, on less than one US dollar per day 

(CIA World Factbook, 2013). Sixty percent of the food consumed by Haitians is imported, 

although smallholder subsistence farming is still the main source of income for more than 70% 

of the working population.  

Bearing similarities to conditions in sub-Saharan Africa, most of the household energy 

demand of Haitians is for cooking, with 80% of this energy derived from fuelwood and charcoal. 

Charcoal is used by 90% of households in the capital city of Port-au-Prince and other urban 

centers, and its production and usage is often viewed by donor agencies in a strikingly negative 

light, mostly described pejoratively as inefficient, unhealthy, unsustainable, environmentally 

harmful, non-commercial, non-profitable, and partly responsible for the country’s socio-

economic underdevelopment and ecological decline (MPWTC, 2006).  
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1.2 Purpose of study 

This research questions commonly held beliefs about the roots of Haiti’s environmental 

poverty as well as the pervasive economic malaise that is correlated to the ecological collapse of 

the nation state. An important aim of the inquiry is the integration of social theory research with 

applied scientific inquiry to provide a holistic evaluation of human ecology nested in 

environmental systems, in order to apply an integrated food energy systems (IFES) model within 

the context of Haiti’s seemingly intractable ecological constraints.    

Scholars of Haiti have argued that the territory was thrust into this environmental 

cataclysm largely as a result of the unrestrained manner in which capitalist structures have 

historically operated in the territory, increasingly dominating its biosphere through hegemonic 

ownership, profit accumulation, and export of both natural resources and the economic wealth 

generated through profiteering. During the last three centuries, destructive forces have been 

released upon the public domain for profit and wealth exported to European economies, the 

Haitian population participating only in the shared environmental losses caused by these 

exploitative actions (Galeano, 1997, pp. 59-60).  

Unique in its condition of being the poorest nation on the American continent, Haiti is 

similar in one respect to the more developed countries which surround it. Together, they all 

suffer from the carbon problem, except Haiti’s carbon problem stems from its over dependence 

on charcoal and wood fuel energy which have caused not only a domestic energy crisis, but a 

food crisis triggered by loss of soils, eroded hillsides, depleted water sources, and steady declines 

in the net primary productivity (NPP) of forest systems (Bai et al., 2008, p. 229). Modern 

Haitians live at the whims of the weather, each tropical storm or hurricane pronouncing a death 
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sentence upon thousands of people (Smith & Hersey, 2008, p. 869). Crop failures associated with 

extreme weather events result in even more deaths, and waterborne illnesses and pandemic 

diseases occur with regularity to wipe out those who are most vulnerable (Castro & Farmer, 

2003, p. 20). 

Ecological restoration is critical in any strategy leading to desirable habitats for all 

species, including the welfare of human inhabitants. The problem lies however in engendering a 

mindset that recognizes restoration as a pre-requisite for livelihoods development, and not 

simply as a means to improving the environment for future extraction of resources at 

unsustainable rates. Behavioral change is however uniquely influenced by psychological factors. 

Since most people – including research practitioners and policy makers, tend to perceive climate 

change and environmental decline as future events rather than current problems, there is a clear 

need to illuminate these challenges through psychological approaches which elevate ethical 

standards in thinking and action (APA, 2009). Importantly, outsiders who provide valuable 

resources and impetus for change should be guided by a critical awareness that research and 

active investment in change within ‘indigenous communities’ such as those found in Haiti should 

be carried out utilizing local perspectives and sensibilities, and not merely serving the desires of 

western interests and objectives.  

The colonialist viewpoint which drove much of the research on indigenous people and 

what indigenous people knew, for decades has been steeped in bias in its regard of the 

indigenous as inferior in almost all comparisons to the culture of Eurocentric researchers and 

humanitarians. In the case of Haiti, change should embrace an approach which empowers locals 

with the desire to want the kinds of investments that contribute to their liberation struggles, their 
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belief systems and ways of knowing, and their self-determination (Smith, 1999; Parajuli, 2006; 

Wilson, 2008; Lavallée, 2009). 

1.3 Research Design  

Failure to establish approaches that are oriented on the understanding of the veritable 

nature of Haiti’s problems has retarded efforts to explain the causes and effects of past and 

present human domination policies. This critical error contributes to repeated intervention 

failures that result in continuing negative impacts on ecosystem function and on human welfare. 

Problem solving that is developed on a clear understanding of both the externalities and internal 

factors which constrain basic livelihoods development will benefit from a line of inquiry that 

first critically assesses Haiti’s political ecology. Additionally, the adoption an evaluative metric 

based on the delivery of ecosystem services will considerably improve understanding of the true 

nature of the underlying problems. Developing these understandings is critical to Haiti’s 

ecological future because its social subsistence is strongly dependent on a realignment of both 

social and ecological factors. 

Based on the situational analysis and the discussion of the purpose of the study, this 

dissertation answers three questions: 

1. What are the dominant ideological biases that have constrained Haiti’s social-

economic progress over time, and what mechanisms ensured their perpetuation?  

2. To what extent are historical, ecological, and scientific factors contributive to Haiti’s 

current environmental problems? 
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3. Will an Integrated Food Energy System (IFES) model aid the restoration of 

ecosystems services in ecologically degraded environments, and how can the model 

be demonstrated in the Haitian context?   

To answer these questions in adherence to the logic of discovery, the methodological 

inquiry applies a triangulated approach that connects the research across the normally distal 

domains of social and natural sciences. Three distinct research methods are applied in the study – 

Critical Theory Research, Participatory Action Research, and Applied Research. Each of these 

research methods employs specific methodological tools of inquiry through which the research 

data is collected and evaluated. 

1.3.1 Critical Theory Research 

Critical Theory advances the emancipatory function of knowledge by promoting the role 

of critical deconstruction of traditional theories, followed reconstruction of theories in the search 

for education with a high degree of quality, freed from biases created through literary hegemony 

and social dominance. As a method of inquiry, Critical Theory emerged from the development of 

Western Marxism within what became known as the ‘Frankfurt School’ which is associated with 

founding critical theorists Adorno, Habermas, Marcuse, Lowenthal, Pollock and Horkheimer. 

The aim of these original thinkers, which influenced the opinions of contemporary critical 

theorists such as Habermas, was to uncover the inner workings of a society which they suggest 

lie concealed from view by a veneer of dominant ideology promulgated upon ‘weaker’ societies 

by imperialist/capitalist, sociocultural forces (Alway, 1995, p. 2). 

In answering the first two questions posed by the research, a critical assessment and 

analyses by exhaustive literature review is conducted of the historical socio-economic, 
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ecological, and scientific factors contributive to Haiti’s current environmental problems, through 

the lenses of four distinct concepts nested within critical theory framework. These four lenses of 

critical theory research which are applied in this study are; 

I. Critical Political Ecology: the politics of ecology as a scientific legitimatization 

of environmental policy. 

II. Cumulative Causation Theory: factors of institutional, political, socio-economic 

and non-economic ‘spread effects’.  

III. Ecological Economics Study: integration of ecology and economics in terms of 

how humans are embedded in their ecological life-support system. 

IV. Victim Blaming Theory: reorienting ideological notions from ‘bad things only 

happen to bad people’ toward a just understanding of the oppression of victims. 

1.3.2 Participatory Action Research 

The second of the three research methods applied in this study employs Participatory 

Action Research (PAR) to find answers to part of the question on Haiti’s capacity to assess and 

respond to its ecological challenges. PAR emphasizes participation and action as an approach to 

inquiry in communities, responding to whole-system challenges by trying to create change 

through collaborative action, and following participatory group reflection. The PAR design for 

this study employs the methodological tool of Appreciative Inquiry (AI) which is constructed 

upon a framework that encompasses qualitative data collection and analysis, with emphasis on 

collective inquiry. Two research instruments are employed in the PAR framework for this study: 

I. Identify stakeholders groups to form communities of practice  

II. Design of an assessment framework for collective reflection on actions and outcomes  
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The incorporation of AI methodology into the Participatory Action Research design 

provides a bridge between the past and the future by seeking out the active voice and 

participation of Haitians in identifying integrated systems solutions and possibilities through 

community engagement, collective will, and unity in the design of present day actions that affect 

future livelihoods.  

1.3.3 Applied Research 

Applied Research is the third research component used in this triangulated study. As a 

research approach, applied methods refer to scientific study and research that seeks to solve 

practical problems through investigation of the findings, in order to determine if they could be 

used to develop new products or technologies. In finding solutions to the problem of carbon loss 

in Haiti, and therefore in order to test an approach in integrated food energy systems for 

problems of both soil and forest depletion, the applied research method in this study uses two 

main tools of inquiry. 

I. A Survey Questionnaire to develop an understanding of constraints and perceptions 

about agriculture, food, fuel, forestry, and environment 

II. Field Experimentation to inform and pilot the implementation of an integrated food 

energy system (IFES) model in Haiti 

With open ended, ‘yes/no’ questions as well as questions that required ranking of 

responses, the questionnaire analysis was conducted by hand and results compiled for the 40 

respondents to the survey. The field experiment components of the research include (a) a 

proxy evaluation of the process of Restorative Anthropedogenesis in Florida, (b) in situ 
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assessment of Integrated Food Energy Systems on four sites in Haiti, as well as (c) an 

appraisal of clean cookstoves for the production of biochar. 

1.3.4 An illustration of the triangulated approach    

Social science research methods have traditionally applied an approach that uses multi-

method, convergent methodologies to validate inquiry. Convergent validation, also referred to as 

triangulated approaches are operated on the concept that the mixing of research methodologies, 

as well as applying both qualitative and quantitative methods provides more superior results 

given the strengths and weaknesses of single method designs (Webb et al., 1966; Smith, 1975; 

Denzin, 1978; Yeasmin & Rahman, 2012). Figure 1 depicts the levels of triangulation used in 

this study to validate the findings of the research across socio-economic, political, and ecological 

systems boundaries.  

 

 

Figure 1: Triangulated Research Framework: Methods and Instruments 
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1.4 Organization of the Dissertation 

This dissertation is organized into six chapters. The current chapter describes the research 

methods and instruments applied to the study, provides a general introduction to the chapters that 

follow, as well as an outline for the document’s organization. There are two related themes in the 

dissertation. The first is a focus on a redefinition of the historical causes of Haiti’s system-wide 

decline, while the second theme is an exploration of a system response to the territory’s socio-

ecological and economic constraints. Each chapter in the dissertation is meant to stand alone by 

addressing a specific component of these related themes. 

I begin in Chapter Two by proffering a correlational relationship between Critical 

Political Ecology and Cumulative Causation in Haiti’s development context. Using this research 

approach, I orient the thinking toward a revisionist context in which the causes of Haiti's 

historical ecological crisis are systematically re-assessed. Specifically, this chapter of the 

dissertation examines the history of both food and agriculture in the Haitian economy, using 

Ecological Economics as both an inquiry and as a method of accounting for internal factors as 

well as the externalities which weakened the territory’s Carbon Economy to present levels. The 

examination also provides an illustrative tool which correlates Haiti’s Political Ecology with its 

Ecological Economy, with implications for addressing peak soil and peak energy within an 

environment of near ecological collapse.   

 Persuaded by dominant ideologies and much repeated claims of self-destruction, the 

causation factor of environmental destabilization in Haiti is generally determined to be 

deforestation, but through the analyses conducted in Chapter Two, the underlying problem 

emerges as soil erosion and loss. Developing the argument, by critical assessment, that extensive 



Running Head: ADVANCING AN INTEGRATED FOOD ENERGY SYSTEM IN HAITI    14 
 

desertification across the territory occurred as a consequence of historical land clearing on steep 

mountain slopes, and that the indiscriminate harvesting of trees for lumber exportation triggered 

massive scale deforestation followed by runaway erosion, I demonstrate that Haiti faced this 

predicament early in its national development and has become a microcosm of climate change 

because its contemporary dependence on charcoal and wood energy further threatens the basis of 

its ecological survival.  

In Chapter Three, I conduct a review of Haiti’s socio-political history, rooting the inquiry 

in the deconstruction of current misunderstandings perpetuated by dominant western perceptions. 

In this chapter, Critical Theory is applied as liberation research to develop new understandings in 

order to provide unbiased clarity on the past, in order to shed light on the approaches in process 

required for change strategy in future agro-ecological development intervention. Victim Blaming 

Theory is applied as an analytical tool to frame the inquiry in Chapter Three, and the concept of 

‘Haitiism’ is developed as a means for organizing the arguments for bias, blame, fear, and racism 

directed at Haiti, Haitians, and the Haitian diaspora.  

Scrutiny of both media and academic undertones reveals an insinuation which suggests 

that Haiti’s underdevelopment was initiated by the struggle of its people for freedom from the 

tyranny of African slavery, and made even worse by the eventual self-rule of the territory by 

savage ex-slaves who lacked the ability for governmental administration. With centuries of 

repetition and supportive academic references, most of the stories and arguments supporting this 

line of reasoning have come to be accepted as truth, although the initial arguments were made by 

while colonial capitalists who supported European domination of non-whites, and who had 

benefitted from, and lost their stocks in the loss of Haiti as a slave state.      
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Having explored and clarified the main causation factors implicit in Haiti’s economic, 

social, political and ecological demise, Chapter Four turns to the challenges created by the 

territory’s rapidly declining carbon economy, and the opportunities arising for managing the 

risks associated with the delivery of ecological services. This chapter explores the 

biogeochemical factors intrinsic to the depletion of Haiti’s natural capital, highlight the role of 

the carbon economy, and show how factors of anthropogenic distortion created ecological 

vulnerability by eroding the benefits of carbon-rich soil. In identifying, defining, and examining 

the consequences of soil erosion as the major contributor to carbon deficit in Haiti, attention is 

brought to bear on the declining services and functions of the territory’s ecosystems that have 

arrived at threshold tipping points in functionality, and are currently at risk of imminent collapse. 

In terms of the applied research effort, Chapter Five details the work efforts in the areas 

of field experimentation and participatory action research. The chapter is divided into two parts. 

In the first part of the chapter, I define the concept of Integrated Food Energy Systems (IFES) 

and discuss methodologies for moving Haiti toward a culture of food-energy integration. I begin 

by generating a discussion on the ancient techniques of creating anthroposols, using this as a lead 

up to the hypothetical argument that soil loss in Haiti could be reversed by ‘restorative 

anthropedogenesis’, and that this process could be the starting point from which food-energy 

farming emerges as an alternative to contemporary agricultural practice. In the second part of 

Chapter Five, I provide detailed papers on the two related but distinct research experiments 

carried out in Florida and in Haiti. The Florida experiment is offered as a proxy evaluation of 

restorative anthropedogenesis conducive to environments in Haiti. The Haiti research is an in-

situ demonstration of IFES in four communities of practice across the territory. 
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For the field experiment conducted in Florida, analysis of variance (ANOVA) was used 

as the analytical tool for determining the significance of biochar and main effect of soil 

production method in the creation of anthroposols. Gravimetric Adsorption Capacity Scan 

(GACS) analyses were conducted to evaluate the quality of the biochars used in the experiments. 

An evaluation of a clean cookstoves for potential production of biochar was also conducted, this 

to demonstrate the feasibility of the proposed components of IFES for Haiti. Using the research 

approach of Appreciative Inquiry to conduct inquiry within the communities of practice, it 

became necessary to develop an evaluative tool – the action and outcome framework – to enable 

collaboration on problem diagnoses, as well to record community planning and action. The 

Action and Outcome Framework developed in this research effort is offered as an ecological 

assessment and analytical tool to the practice of Appreciative Inquiry, this to make the field of 

inquiry more actively relevant within environmental studies. 

Finally in Chapter Six, I provide a summary of the potential impact of the research 

through a collation of seven distinct findings of the research. The chapter includes 

recommendations for operationalizing a paradigm shift to a more carbon sensitive economy 

through the development of a biomass/biochar value chain as a viable alternative to the current 

charcoal consumption chain in Haiti. Chapter Six also includes suggestions and policy 

recommendations to multinational and other non-governmental organizations on how to involve 

Haitians in decision-making that affect their livelihoods, and ways in which a more effective 

system of transformative education may be shaped and enabled to empower food-energy 

entrepreneurs of all ages and gender to contribute to ecological management. Some general 

suggestions are also made at the end of Chapter six. 
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1.5 My positionality in the research 

Much of the arguments framed in the early chapters of this research are based upon the 

concept of critical inquiry. I believe it is therefore important to self-declare where my biases may 

arise to become unreasonably positioned within the research, because critical research, as in the 

case of this dissertation, usually takes a political stance around issues of personal perspective. 

Positionality in this case pertains to my nationality and personal experiences, my race, and my 

abhorrence of what I determine to be the perpetuation of the white domination narrative clearly 

identified in the history, trade, policies, politics, and social dynamics of Caribbean and Latin 

American development.  

On route to college in Guyana in 1985, the recipient of a scholarship in veterinary health 

and public health, the BWIA jet took me on a route across the island of Hispaniola and I became 

immediately aware of the desertification of Haiti. Observed from the air, the contrast between 

Haiti and the Dominican Republic was stark, and jaw dropping. For years after that I read 

copiously about how self-destructive the Haitians were, and how their demise was inevitable and 

imminent because of their fascination with demonism and African witchcraft. I believed this 

narrative until 1994 when I happened upon a book called “The Haiti files: Decoding the crisis”. 

My discovery that colonial powers had a role in the early demise of the country awakened 

interest in the need to see a revised history of the country, but the realization that the narrative of 

domination and destructive policies were still being perpetuated through the doctrine of modern 

multinational organizations gave me reason to think that a “re-visioning” of the future was just as 

necessary as a “revision” of the past.  
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I consider myself Afro-Caribbean. I have lived in Jamaica, Guyana, and the British 

Virgin Islands for many years in each case. I pursued graduate studies at the University of the 

West Indies at the St. Augustine Campus in Trinidad and Tobago, and was privileged to publish 

parts of my Masters Thesis as “The Third Pillar: Unearthing the agro-economic potential of the 

British Virgin Islands”. I have visited and experienced life in nearly every Caribbean county 

including Haiti and the Dominican Republic, and have lived for more than a decade in the United 

States at the time of writing this dissertation. I have come to learn that all people are alike. The 

same hopes and dreams are imagined, and the same emotions and needs are borne within the 

same centers of our emotion. That the hopes, dreams, and pursuit of happiness of one group 

become the torment, nightmare and relentless horror of another group should no longer define 

the way nations relate.  

I bring these feelings and opinions into the research, and am cognizant of the fact that 

biases are not easily discarded, but that they must be abandoned within the realm of research. I 

strove for the absence of bias throughout the entirely of my critical research immersion in Haiti, 

and believe that the corrections, editing, and guidance of my dissertation committee have done 

justice to reduce the occurrence of personal bias. In the end I hope that I bring discovery not only 

through the scientific methods applied in this Ph.D. dissertation, but that new perspectives will 

be formed from the qualitative restructuring of a biased narrative which only served the purpose 

of reinforcing untruths.  
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Chapter 2: The Political Ecology of Haiti: A review of the root causes of systemic decline   

2.1 Introduction 

Haiti exhibits an unsustainable ecology which cannot sustain or improve a market 

economy which is usually highly dependent on the extraction of environmental services from 

available natural resources. With urbanization and population dynamics increasing the demand 

for dwindling natural resources, Haiti currently exists at the tipping point of a calamitous 

ecological crisis synonymous with repeated episodes of natural, social, and economic crises. The 

cumulative effects of environmental damage upon sensitive ecological habitats have severely 

impacted agricultural and forest productivity, resulting in repeated cycles of poverty and hunger 

emergencies that have repeatedly triggered global humanitarian responses. The intractability of 

the crisis constrains a clear process toward a quick or easy resolution. Haiti has a significant 

carbon problem which is intricately connected to its unavoidable over-reliance on charcoal, and 

when coupled with deforestation and soil erosion, this represents a net loss of carbon from which 

recovery appears to be intractable.  

This chapter applies Critical Political Ecology as a research instrument to question the 

wrongs associated with the present reality of Haiti. This approach allows engagement in a type of 

inquiry which applies re-interpretive strategies that seek out hidden voices or understandings 

about past occurrences which impact contemporary realities. Interventionists entering the realm 

of Haiti studies must be freed of those long held ideologies that have restricted the basic trust 

required for collectivism, and this applies both to the social scientist examining societal 

phenomena, as well as to the natural scientist who often perceives scientific solutions as arriving 

solely from outside the area within which the inquiry is taking place. The juxtaposition of 



Running Head: ADVANCING AN INTEGRATED FOOD ENERGY SYSTEM IN HAITI    20 
 

Political Ecology Approach with Cumulative Causation Theory and Ecological Economics 

provides a re-evaluation of Haiti’s history to help make sense of the manner in which the 

territory’s nature was politically contested and shaped, and in observing with a theories in mind 

that links cause to effect, there is an engagement in causal research that helps to disengage from 

dominant ideologies which are discriminatory in nature. 

2.2 Critical Political Ecology: Re-examining historical ideological assumptions  

As Mintz (1995, p. 73) describes it, Haiti’s current crisis is historical. An historical 

review is therefore necessitated in order to make a careful re-examination of those political, 

social, and ecological factors that were contributive to the emergence of the current state of 

affairs in the country. To shed new light on those forces which have impacted the socio-political 

and ecological trajectory since contact with the old world was made, a Political Ecology 

approach is applied. In one of the most recent treatments of this subject, Paul Robbins (2012, p. 

viii) suggests that Political Ecology has broadened beyond being a method of research or inquiry 

to becoming an urgent kind of argument that examines losers and winners, is guided by dialectic 

protocols, and surveys both the existing state of nature as well as stories about the status of 

societies within the affected environment.    

The field of modern Political Ecology draws upon the foundational work of 

anthropologist Eric Wolf who is credited with advancing the modern concepts in his 1972 

journal article entitled ‘Ownership and Political Ecology’. In this work, Wolf discussed how 

local rules of ownership and inheritance ‘mediate between the pressures emanating from the 

larger society and the exigencies of the local ecosystem’ (Wolf 1972, p. 202). Leading 

contemporary research on the concept of ‘Political Ecology’ include the work of Stott and 
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Sullivan (2000) who defined political ecology as the political circumstances that force people 

into activities which caused environmental degradation in the absence of alternative possibilities 

(p. 9). Others such as Watts (2000) found that political ecology engenders an understanding ‘of 

the complex relations between nature and society through a careful analysis of what one might 

call the forms of access and control over resources and their implications for environmental 

health and sustainable livelihoods’ (p. 257).  

Offen (2004, p. 21) suggests that since the emergence of Political Ecology as an approach 

in Geography in the 1970s, historical analysis has been central in its application. Over the years, 

there have been a number of political ecology studies that have made use of historical sources 

and analysis to conceptualize the past and provide a more informed re-interpretation of historical 

factors and causes. At every scale of application there is a need for approaches to environmental 

politics that recognize and acknowledge the social and political framings of environmental 

science, yet at the same time offers suitable conditions for the development of environmental 

policies that are both biophysically effective and socially relevant (Forsyth, 2003, p. x). This is 

the context in which the concept of Critical Political Ecology is used to examine Haiti’s past, 

providing the means by which new understandings and clarified perspectives will lead to clearer 

policies and approaches more suitable to local conditions.  

2.3 Cumulative Causation Theory 

The theory of Cumulative Causation is a concept coined by Swedish economist Gunnar 

Myrdal in his analyses of development issues in economic theory and underdeveloped regions, 

and his inquiry into the poverty of nations (Hughes, 2006). Based on Hughes’ assessment, 
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Myrdal’s thesis rested on his analysis that unbalanced economic growth and resulting poverty in 

underdeveloped nations can be conceptualized as ‘cumulative causation’ (Hughes, 2006, p. 738). 

 Myrdal’s theory of Cumulative Causation diverged from the arguments of neoclassical 

economics which purport that in the normal case there is the tendency for economic or social 

systems to move towards automatic self-stabilization when stimulus is applied. Arguing to the 

contrary, Myrdal saw the process of development and underdevelopment as upward or 

downward spirals where the process of growth generally increases rather than decreases the gap 

between the rich and poor, with underdeveloped countries, regions, or social groups tending to 

lag even further behind their more developed counterparts (Myrdal, 1957, p. 12).  

Cumulative Causation explains the social systems in underdeveloped nations as 

responding to recurring changes which move the system in the same direction as the first change, 

but much further into a continuing downward spiral. Because of such circular movements, 

causation as a social process tends to become cumulative and often gather speed at an 

accelerating rate, resulting in further underdevelopment, failure or malaise (Myrdal, 1957, p. 13). 

Cumulative Causation as a notional construct is an important way to develop a fuller 

understanding of the nature of Haiti’s decline into a downward spiral of poverty and ecological 

collapse beginning in an era when its socio-political and economic systems were dominated by 

exclusivist global mercantilist structures.    

2.4 Ecological economics 

The value of clean air and water, species diversity, social and generational equity has 

been largely disregarded by the constructs of conventional economics. This criticism is justified 
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by strong evidence of the exclusion of biophysical and social systems from economic analyses 

which mostly overlook the increasing scale of human impacts on eco-systems, and the 

inequitable distribution of natural resources. There is increasing awareness that neoclassical 

economics makes ‘canonical assumptions’ of insatiable market demand and that there are infinite 

resources to supply demand. These assumptions have led to the development of the concept of 

perpetual economic growth which is criticized by ecologists as not being founded in reality, but 

rather deeply embedded as a component of human culture. Consequently, the economic system, 

like social and political systems, has been forced to continually adapt in response to changes in 

the environment, and these adaptations in turn provoke subsequent environmental change to 

which humans must continually adapt in a co-evolutionary process (Daly & Farley, 2004, p. 7). 

Ecological Economics represents an emerging paradigm that addresses this flaw in economic 

thought, seeking to ground economic thinking in the dual realities and constraints of our 

biophysical and moral environments. Ecological Economics acknowledges the reality that lost 

ecological resources have no substitute, and therefore are irreplaceable.  

Ropke (2005) notes that the modern concept of Ecological Economics became 

institutionalized in 1988 with the establishment of the International Society for Environmental 

Economics, and the publication of the first issue of the society’s journal in 1989. Over the years, 

Ecological Economics has seen the involvement of researchers from several different fields of 

science, but there has always been a strong input from those involved in systems ecology. Other 

research fields which have contributed to Ecological Economics included other strands of 

economics such as biophysical economics, environmental and resource economics, agricultural 

economics, and socio-economics (Ropke, 2005, p. 263). The emergence of ecological economics 

is attributed to concerns for limits to growth, enhancing a school of thought that the flow of 
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energy and materials in the economy is derived from the ecology, and therefore required to be 

part of the accounting system (Spash, 1999, p. 422). 

The central insight of Ecological Economics imparted by a multi-disciplinary field of 

researchers is that the human economy is part of the global environmental system, largely 

concerned with extending and integrating the study and management of nature's household 

(natural ecology) and the human household (conventional economics). Ecological Economics is 

highly concerned with showing that economic activity is invariably dependent on natural 

resources, that economic activity generates material wastes, and it is governed by the same 

biophysical laws as those affecting the rest of the physical environment. Unlike the approach of 

neo-classical economics, Ecological Economics not only emphasizes efficiency and equity, but 

also environmental and social sustainability (Spash, 2011, p. 358).  Ecological economists 

therefore situate human activity within the environment, and when the natural environment is 

studied, account is taken of human interests and activities occurring within its boundaries.  

2.5 Mercantilism and ecological instability: From La Isabella to Black Republic (1492 – 

1803) 

Hans Koning (1976), Eduardo Galeano (1997) and J.H. Elliott (2006) reveal that, to the 

extent that Christopher Columbus’s contact with the lands across the Atlantic Ocean was 

considered a significant maritime achievement resulting in unprecedented wealth acquisition by 

the dominant European nations at the time, it also spelled genocide to the native people of the 

Americas. On the African continent, unprecedented social disorder resulted from the forced mass 

emigration of young people from many regions, and habitat destruction and ecological decline 
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began to occur in the newly discovered territories of the Americas as vast tracks of land were 

harnessed for intensive logging and agricultural activities.  

Through his foundational work in the field of environmental history, Alfred W. Crosby 

Jr. is credited with coining the term ‘The Columbian Exchange’ (Crosby, 2003). In his account 

of the historic significance of both microscopic (bacterial) and macroscopic (plants and animals) 

releases of Old World fauna and flora into the newly discovered lands of the Americas, Crosby 

provided illumination on an often overlooked but significant series of events that brought 

dramatic and irrevocable changes to its ecology. In compiling the exhaustive list of plants and 

animals that Europeans released in the New World since Columbus’ founding of the first Spanish 

settlements of La Isabella on the northern coast of modern Haiti, Crosby drew upon data and 

information from 117 books, documents and articles from Europe, the United States, the West 

Indies, and Latin America. Crosby’s research illustrated the significance of the exchange of 

biological materials between the old and new worlds, his thesis relying on publications ranging 

from the immediate post-Columbus period up until the 1960s (Crosby, 2003, p. 13-121).  

Once the hopes of finding inexhaustible supplies of gold were exhausted, the extent of 

European cropping systems in the Americas became rapidly significant. Crosby (2003) identified 

that by the year 1600, all of the most important upland plants of the Old World were being 

cultivated in the Americas. The drier lower land areas were cultivated with bananas, African 

yams, and tree crops such as mangoes, while wetter lowland territories were cleared of native 

species to accommodate the cultivation of rice (p. 106). Equally significant was the release of 

cattle, hogs, sheep and goats in the New World on Columbus’s second voyage. Goats and hogs 

are particularly destructive on hilly slopes where they excel at consuming roots, small shrubs and 
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vines which hold thin layers of topsoil together (Lowney et al., 2005). Drawing upon Crosby’s 

earlier work, Mann (2012) found evidence of the impact of ruminants and other ungulates on the 

native shrubs and trees of Hispaniola (p. 12). The country of Haiti, being the site of the earliest 

New World settlement at La Isabella represented the point from which the turbulent exchange of 

goods and services between the old and New World began, and through the ecological 

complexities of the Columbian Exchange also represents the earliest point from which species 

invasiveness and commensurate processes of ecological decline originated in the Americas 

(Crosby, 2003; Mann, 2012). 

Charles C. Mann’s historical review ‘1493: Uncovering the world Columbus created’ 

(Mann, 2012), revealed the typical methods by which colonial powers gained power and 

economic hegemony through the harnessing of a network of ecological and economic exchanges 

from the Americas in the post-Columbian period. Mann (2012, p. xxv) explained that the wealth 

and development of humankind, especially those in western societies, have been largely aided 

and abetted by the Industrial Revolution that gave rise to modern capitalist ideologies, albeit at a 

severe cost to the Earth’s natural resource materials, to environmental quality, and to bio-cultural 

diversity. Over time, a significant amount of nature on all of Earth’s continents have been 

destroyed in search of material wealth and profit, propelling industrial systems to pinnacles of 

economic success even as they honed the skills and human resource management abilities to 

accumulate more human-made capital at the decline, pollution, and death of the natural capital 

on which native human civilizations depend (Hawkin et al, 2011, p. 2). 

Drawing on historical data from the colonial era, C.L.R. James, in the classic research on 

Haiti ‘The Black Jacobins’ which was first published in 1938, further explained these 
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exploitative economic strategies in noting that European governments looked upon colonies as 

‘existing solely’ for the profit of the metropolis. Through a system of trade known as the 

Mercantile System, whatever manufactured goods the colonies needed they were compelled to 

purchase from their respective colonial metropolis, and all produce grown in the colony was sold 

only to its European power, to be transported in their own ships. The rules were stringent enough 

to require that even sugar be refined in the mother-country, and to drive home the point, heavy 

duties were imposed on sugar that was refined in the colonies (James, 1963, p. 46). 

In their separate historical accounts of the early colonial history of Haiti, James (1963), 

Trouillot (1982), Dubois (2004), Girard (2005) and Jean (2010) collectively found that soon after 

the western third of the island of Hispaniola was ceded to France from Spain in 1697 (C.L.R. 

James places this date at 1695), the colony of Haiti grew into economic significance as a result of 

France’s reliance on heavy importation of African slaves to stimulate and boost agricultural 

production which was based mainly on forestry, coffee, and sugar-related industries. At the time, 

mercantilism was the operative economic system in Europe; the economic policy that equated 

wealth acquisition with power.  

Under the mercantile system, European governments attempted to export more than they 

imported, making their balance of trade more favorable and increasing their wealth as a 

consequence. Under the mercantilist structure, colonies were valuable and indispensable because 

they produced raw materials for the mother country, thus averting the importation of much 

needed, expensive goods from other countries. These goods included commodities such as sugar, 

grain, lumber, coffee and tobacco. The colonies, through their demand for manufactured goods, 

in turn provided an outlet for exports from the mother country, an arrangement which increased 
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jobs and stimulated industrial development at home (Schmoller, 1884, p. 58). Using evidence 

collected from a wide variety of US Government agencies, the CIA World Factbook identified 

that through intense activity concentrated in the agro-ecological sectors of sugar, coffee, and 

forestry, Haiti under French colonialism became one of the most significant wealth generating 

colonies in the Americas, albeit achieving this through considerable environmental degradation 

(CIA World Factbook, 2013).   

Major publications such as ‘Collapse’ by Jared Diamond (2005), ‘Haiti: After the 

earthquake’ by Paul Farmer (2011), and minor work such as William B. Wood’s ‘Emigration: 

Linkages between environmental change and migration’ (Wood, 2001) show majority consensus 

within the academic discourse upon the factors responsible for Haiti’s historical environmental 

decline. Intensive agricultural production under French colonialism - while providing significant 

amounts of needed products and wealth to France - had an equally opposite effect on the Haitian 

landscape which created extreme ecological fractures. Diamond (2005) noted that the Haitian 

third of the island of Hispaniola was originally less well-endowed environmentally than the two-

thirds apportioned to the Dominican Republic (p. 339) at the time of the Treaty of Ryswick that 

ceded Saint-Domingue (Haiti) to France (James, 1963, p. 5).  

The French, then a rising European economic power at a time when Spain’s politico-

economic hegemony was waning, quickly developed a rich agricultural economy in Saint-

Domingue before any such development occurred on the Dominican side (Santo Domingo). With 

newfound wealth helping to generate the capacity to increase exploitation of the colony’s natural 

resources, Haiti quickly became the most valuable colony in France’s overseas empire, 

contributing to a quarter of France’s wealth by the early decades of the 1700’s (Diamond, 2005, 
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p. 334). Haiti therefore, at 27,751 square kilometers and only a quarter the land area of France 

(674,843 km²), was then providing a full quarter of the wealth of the latter.  

Drawing from earlier research conducted by Metz (2001), Arche Jean’s (2010) doctoral 

research ‘The role of agriculture in the economic development of Haiti: Why are the Haitians so 

poor?’ provided lucidity on land-use intensification during the mere six years from 1783 to 1789 

when agricultural production in Haiti almost doubled, creating more wealth than the rest of the 

West Indies combined, and more than generated in the United States (p.18). This fact is 

supported by James (1963, p. 50), and is further corroborated by McClellan (1992) whose 

research encompassed a variety of related areas of inquiry in history, centering on science, 

European colonial and imperial expansion, and the cultural history of Old-Regime France.  

In preparing his notable thesis on Haiti, ‘Colonialism and Science: Saint-Domingue and 

the Old Regime’, McClellan collected information from a wide range of historic, scientific and 

economic research sources to demonstrate a compelling pattern for wealth generation by French 

colonialists. McClellan (1992) asserted that by the year 1776, the colony of Saint Domingue 

singularly produced more wealth than the whole of the Spanish Empire in the Americas (p. 2). 

As further determined by Alyssa Goldstein-Sepinwall (2013), Saint Domingue was the leading 

exporter of coffee and sugar in the 18th century, and was the most significant trading partner to 

the British North American colonies that would eventually become the United States. In 1771, 

the value of exports from Saint Domingue to France was estimated at $41 million, the total value 

of the colony’s exports in that year alone being $300 million (p. 74). 

In his book chapter which highlighted the environmental paradox that exists between 

modern day Haiti and the Dominican Republic – ‘Haiti and the Dominican Republic: One 
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island, two worlds’ - Diamond (2005) identified that Haiti’s burst of agricultural wealth under 

colonial subjection came at the expense of its environmental capital of forests and soils. Further 

evidence is provided in the research of Goldstein-Sepinwall (2013) who found that in amassing 

the enormous wealth from Saint-Domingue during the 18th century, the French set in motion the 

environmental devastation that plagues modern Haiti; the agricultural practices of the times 

requiring the deforestation of large tracts of land to grow sugar and to acquire the wood energy 

needed to power sugar factories (Hadden & Minson, 2010, p. 9), resulting in the loosening of the 

soils which heightened the country’s vulnerability to natural disasters (p. 74). Diamond (2005) 

concurred on this particular point, finding that all the French ships that brought African slaves to 

the territory returned to France with cargos of timber from Haiti. The removal of trees for timber 

exports to France stripped the lowland areas and mountain slopes of Haiti to the point where 

most of the forest cover in these habitats were in precipitous decline or loss by the mid-19th 

century (p. 340). 

Examining the use of enslaved humans as wealth generators, Metz (2001) cited 

corroborating data which indicated that Saint Domingue under French rule became the most 

prosperous agricultural colony in the Western Hemisphere with a population of 30,000 whites, 

27,000 freedmen, and 400,000 black slaves. McClellan (1992) provided a similar perspective in 

his statements on the number of people living in the French region of Hispaniola during 

colonization. His research revealed that in 1790 there were approximately 560,000 inhabitants in 

French Saint Domingue, a figure that equaled the combined populations of contemporary New 

York and Pennsylvania which were then the two most populous states in the new United States 

of America. The population of 560,000 people in French Saint Domingue were crowded into a 

mountainous area the size of the state of Maryland, making the region one of the most densely 
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populated colonies in the New World. Notably, McClellan pointed out that the engines of 

productivity – the slave population of 500,000 - in French Saint Domingue constituted 

approximately 90% of the population, contrasting dramatically with the United Sates where only 

700,000 slaves inhabited the entire country in 1790 (p. 3). 

While French Saint Domingue practiced very intensive agriculture through the 

application of significant pools of African laborers to the land, Spanish Santo Domingo, with less 

slave labor, engaged primarily in subsistence agriculture in more ecologically stable 

environments. During this era, Spanish legislation enabled slaves to buy their freedom for 

relatively small sums of money; leading to the determination by Metz (2001) that the 

consequence of these social dynamics in Santo Domingo resulted in a more egalitarian society 

featuring a more racially stratified population (p. xix), with much less intensive agriculture, and 

less ecological decline which is evidenced by the notable environmental differences between 

itself and Haiti even in the 21st century.  

Haiti’s legacy of ecological fragility was firmly established by the time of their struggle 

and eventual independence from French Colonialism. Metz (2001), among other notable 

researchers and commentators including Robert and Nancy Heinl (1978), have contributed to the 

increasing list of works on Haiti which show evidence that Haiti’s socio-economic and 

ecological travails are a product of history. Both McClellan (1992) and Diamond (2005) provide 

supporting arguments in finding the problem of overcrowding in Haiti is made even more critical 

by dwindling natural resources leading to uncontrolled deforestation that has been occurring 

since the immediate and post-colonial years after independence in 1804, resulting in run-away 

soil erosion that continue to occur to the present day. This further solidifies the correlation 
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between historical ecological collapse and progression to economic malaise, which led to socio-

political instability and economic underdevelopment in Haiti. Consequently, the 311 years from 

the establishment of La Isabella in 1492 until the end of 1803 can be seen as a time when four 

major events occurred together both progressively and simultaneously. These were;  

(a) The Columbian Exchange which was biological in nature, leading to 

(b) The introduction of Exotic Invasive Species into ecologically sensitive environments. 

(c) The advent of Colonialism and the practice of Slavery, which imposed the hegemonic 

socio-economic paradigm of environmental and human slavery, 

(d) The practice of intense Plantation Agriculture along with intensive Logging of 

hardwood trees, which heightened financial gain at the expense of environmental 

decline.       

It can be logically deduced that the extractive, pro-growth agenda of the market oriented 

economy of France was the proximate factor in the environmental decline of Haiti. Shiva (2005, 

p. 52) conveys the message of the profound nature of capital extraction through her ‘market 

dynamics’ diagram which is modified below. Figure 2 illustrates that capital resource 

accumulation through ecologic extraction from nature’s economy leads to economic growth for 

the economically dominant, but erodes the natural resource base upon which marginalized 

societies such as Haiti’s depend. 
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Figure 2: Proximate factor of Haiti’s decline 

 

The proximate factor and causes consequently tipped the cascading, expanding layers of 

deeper causal interactions upon the Haitian economy and ecology, causing it to slip from a stable 

to an unstable state. These causes and their effects demarcate Haiti’s political ecology into 

distinct states of existence, which may be observed over time from its emancipation in 1804 to 

the present day.  

2.5.1 Reparation as ‘ecological capitalism’ (1804 - 1949) 

James (1963) and Trouillot (1990) are among a long list of historians and commentators 

who documented the manner in which Haiti overthrew its French rulers in a bloody 12-year slave 

revolt to win its independence in 1804. During the struggle for independence, a significant 

amount of the French plantation infrastructure was destroyed, including sugarcane fields and 

sugar-grinding mills and irrigation systems (Coupeau, 2008, p.9). The newly emerged 

independent country, second in the New World after the United States, and the first black nation 

to do so, was immediately subjected to religious and educational isolation by the Vatican, as well 

as to crippling trade blockades and economic embargoes by European countries with the United 

States as enforcer (Trouillot, 1990, p.51). This was particularly troubling, given that Haiti, under 
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mercantilist structures had not developed any capacity to produce goods, leaving it isolated in a 

world where it was neither colonial master nor colony, incapacitated by its own independence, 

flailing helplessly in a sea of trading routes between Europe and its colonies in the West. 

In 1825, after two decades of economic isolation, France offered to lift the trade embargo 

and recognize the Haitian Republic if restitution of 150 million gold francs was paid to France 

for the loss of its properties in Haiti, including the 500,000 slaves who had now become free men 

and women (Trouillot, 1990, p.49). The requested amount was almost equal to the annual budget 

of France, and determined by both Hallward (2004, p. 26) and Phillips (2009, p. 6) to be 

approximate to ten years of Haiti’s total national revenue at her most productive years under 

forced labor. In ‘The uses of Haiti’, Farmer (1994) compared the 150 million francs demanded 

from Haiti with the 60 million francs paid by the United States for the purchase of Louisiana 

from France in 1803. Historical records from the Library of Congress reveal that what was then 

known as the Louisiana Territory comprised an area 77 times larger than Haiti, stretching from 

the Mississippi River in the east to the Rocky Mountains in the west, and from the Gulf of 

Mexico in the south to the Canadian border in the north. A part or all of fifteen states were 

eventually created from this massive land deal which accrued to the US for about four cents an 

acre (Library of Congress, 2007).  

Trouillot (1990) determined that although the cost of the debt was exorbitant, the reality 

of facing decades of continued embargo as well as constant threats of invasion from France and 

other countries including the USA forced the young republic of Haiti to acquiesce. Anne Street, 

in her thesis work ‘Haiti 2004, a nation in crisis’ discovered that the newly independent Black 

Republic of Haiti could not afford to pay such a large sum, to the extent that the very fragile and 
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new government, largely unaccustomed to governance, was forced to take out a loan of 24 

million francs from private French banks to begin paying the debt (p. 4).  

Trouillot’s (1990) research on this matter drew from data and information found in the 

works of earlier writers such as Edmund Paul published in 1876, Herard Roy in 1902, and Joseph 

Justin in 1915. Trouillot identified that in order to amass local funds for debt repayment, the 

government imposed heavy taxation on agricultural activity, thus damaging the incentivization of 

export production of agricultural crops (Trouillot, 1990, pp. 59-63). The goals and objectives of 

the country’s leaders and that of the peasantry were at completely divergent planes. Trouillot 

(1990) discovered that while the leaders wanted to see an increase in the number of plantations 

which would engage in production of crops for export – which was taxable activity – the 

peasantry was only interested in sharecropping arrangements which brought them gain, or 

working their own small plots and gardens for subsistence. The result was the development and 

eventual rise to prominence of subsistence production systems across most of the newly liberated 

territory (p. 44). This divergence of objectives between the government and the people was not 

unique to the newly freed Haitian masses. In ‘A short history of reconstruction: 1863-1877’, Eric 

Foner (1990, p. 80) found similar sentiments and interests expressed by free blacks after the end 

of the American Civil war which put an end to the era of Plantocracy in the American South.  

Haiti’s main method of financing its debt to France was to become the main exporter of 

wood in the western hemisphere during the 19th century, implementing extensive logging of 

hardwood species including logwood, mahogany, lignum vitae and Spanish cedar. By 1954 only 

8% of the territory’s forest cover remained, and significant wood shortages were being reported 

in the country (Metz, 2001, p. 319). Based on research conducted by Johnson-Williams (2011) 
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the decline in forest cover from 60% in 1923 to 8% in 1954 showed a 52% loss in just 31 years. 

This alarming level of deforestation formed the thesis of Johnson-Williams’ research, ‘A case 

study of desertification in Haiti’.  

Reparation payments including interest charged by France consumed 80% of the annual 

national budget by the end of the 19
th

 century, and by the time Haiti had paid its debt to France it 

was trapped in the role of debtor nation and firmly on the path toward ecological wreckage 

(Street, 2004, p. 4; Farmer, 1994, p. 77; Phillips, 2009, p. 6).  The research of Street (2004), 

Farmer (1994) and Phillips (2009) determined that the burden of the debt and its ramifications on 

the economy and ecology significantly restricted Haiti’s ability to develop agricultural systems, 

create significant levels of employment, and thwarted any capacity to develop the basic 

infrastructure required for modern development.  

The cash indemnity being a huge millstone around its neck (Galeano, 1997, p. 66), Haiti 

became the first post-colonial country subjected to the debt model referred to as ‘financial 

colonialism’ by Naomi Klein (2007) in her work ‘Shock doctrine: The rise of disaster 

capitalism’. Klein suggested that what emerged from this system of debt management resulted in 

an effective mechanism of control because indebted countries are forced to comply with the 

governing strategies of creditor nations even as they are forced to repay the original debt with 

interest (p.13-18). Trouillot (1990) endorsed this viewpoint in finding that Haiti experienced the 

somber implications of neocolonialism by being the earliest testing ground for the policy of debt 

management (p. 57).  

The territory of Haiti thus emerged from its independence into a strangely unfamiliar 

situation in world affairs that was peculiar to the new and sole Black Republic. The treatment of 
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Haiti was significant in its sweeping discrimination, cumulative in consequence, and 

perpetuating in impact. Verner and Egset (2007, p. 2) found in their pivotal research on Haiti’s 

fiscal legacy, that the financial situation of the territory remained weak throughout the 19th 

century, owning to four cumulative factors; 

i. The international diplomatic boycott 

ii. Declining terms of trade due to embargos 

iii. Loss of export revenues (despite extensive logging) 

iv. The heavy indemnity levied by France against it losses to Haiti (reparations) 

The cumulative effects of these factors deepened the original fractures, resulting in 

Haiti’s early economic underdevelopment and leading to cataclysmic effects on the social, 

political, environmental, and governmental states of affair in the territory throughout its early 

post-independent history, and well into contemporary times. Galeano (1997, p. 67) summarizes 

Haiti’s fate in noting that the country was established in ruins and never recovered, the burdens 

of the heavy cash indemnity severe enough to cripple its chances of escaping poverty and 

national malaise. 

2.5.2 US military occupation of 1915-1934: Influences on national malaise (1934-2015) 

Constrained by social, political and economic burdens, Haiti entered the 20th century 

encumbered by major cumulative effects problems in natural resources management, and as 

summarized by Diamond (2005, p. 339), the fragile ecology was mirrored by an equally fragile 

economy. Trouillot (1990), Farmer (1994; 2011), Girard (2005), Shamsie and Thompson (2006), 

Jean (2012), Locke (2012), and Sepinwall (2013) all share common ground in determining that  a 

century of exhaustive agricultural production for export to colonial France started the ecological 
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decline of Haiti. Crop commodity production and massive scale logging in the colony were done 

by applying harvesting methods of the time that were largely ignorant - if not deliberately 

neglectful - of the consequential effects upon the environment. Colonies were, however, seen as 

mere possessions of the colonial mother country, and long-term consequences even if understood 

and avoided in the motherland, were subjugated to the greater pressure of eliciting wealth from 

the land through forced labor (James, 1962, pp. 45-46).  

Murombedzi (2003) cited Plumwood (2003) and MacKenzie (1988) to show that there is 

general agreement on the argument that European colonization colonized not only humans 

through the system of slavery, but nature was colonized as well through the inflicting of intense 

land-use systems of production and extraction (Murombedzi, 2003, p. 4). As an institution, 

environmental slavery parallels human slavery in its absence of the application of moral 

conscience and the disregard of social justice toward the natural environment in which 

indigenous people live (Wilson, 2009, p. 17). Consequently, the people living in the affected 

environments, by virtue of their weaker bargaining power, are unwittingly co-opted into the 

system of economic leakage as mere peons of pillage. As Crutzen (2009) alludes, the net effect 

of this type of disequilibrium has always been the total domination over the natural and social 

environment which in turn creates entropic influences on ecological processes. This kind of 

domination and exploitation has damaged the global environment, the enormity of which now 

threatens the web of life as well as the future of civilization (Foster, 2009, p. 253). 

Other subsequent factors contributed to the problem. Locke (2012) determined that after 

19 years of US occupation from 1915 to 1934, while further burdened until 1949 with paying the 

interest on loans taken out to make slave payments to France, Haiti was left without local, 

regional, or national capacity to govern (p. 409). Driven by what Renda (2001, p. 301) describes 



Running Head: ADVANCING AN INTEGRATED FOOD ENERGY SYSTEM IN HAITI    39 
 

as 20
th

 century interventionist paternalism, the United States military forces swept into Haiti on 

July 28, 1915, and immediately took charge of Haitian custom houses (Lawless, 1992, p. 175). 

After dissolving the Haitian legislature at gunpoint, the US Marines imposed a new constitution, 

denied freedom of speech to Haitians, and quickly set about to take full control of Haitian 

finances, imposing a US oriented standard of efficiency on the management of Haitian debt 

(Renda, 2001, p. 10). At the time, the majority of this debt constituted the remainder of 

reparations to France for Haiti’s freedom from slavery 111 years prior.  

Trouillot (1990) found that this 19 year intrusion by the Unites States eroded the 

development of a 20
th

 century democratic system of government, resulting in the weakening of 

Haiti’s capacity to govern locally and nationally. This was cumulative upon the long-standing 

inability of successive Haitian governments to control the countryside (Trouillot, 1990, p. 92), 

where for decades since its independence from France, Haitians living in rural areas - being 

largely isolated from national government - had grown accustomed to the practice of subsistence 

agriculture which dominated the rural economy (p. 81). 

Data from the US Department of State’s Office of the Historian (USDS, 2013), as well as 

from Max Boot (2002), Hans Schmidt (1995), Francis Weston (1972), and Herbert Herring 

(1961), show that the U.S. invasion and occupation of Haiti from 1915 to 1934 led to the 

construction of some roads and other infrastructure related to transportation and commerce, and 

initiated the extraction of minerals such as bauxite and copper ores. Lundahl (1992, p. 87) 

determined that the mining of bauxite had negative effects on coffee production and exports of 

agricultural commodities, because bauxite mining operations removed thousands of peasants 

from the land, led to the withdrawal from cultivation of coffee and subsistence crops, and 

notably helped to speed up the erosion process in Haiti. Doura (2001) summarized these trends in 
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his French language assessment of Haiti’s economy – ‘Économie d’Haïti: Dépendence, crise et 

développement’ - by concluding that the extractive industries in Haiti were typical examples of 

‘enclave industry’, where under foreign domination by two North American transnationals, 

practically all of Haiti’s bauxite and copper were exploited with almost non-existent economic 

benefit accruing to the Haitian people. 

Gill (1931) revealed through his survey of Caribbean forests that by the early years of the 

1900s Haiti’s importance as a timber exporting country had become negligible, but large 

amounts of wood were being consumed locally for use as firewood. Although wood was not 

listed as an export commodity in 1931, based on its local importance, necessity, and intense 

usage by almost the entire population, Gill assessed it to be one of Haiti's most valuable 

‘domestic crops’ (Gill, 1931, p. 138). Through her study of desertification in Haiti, Vereda 

Johnson-Williams revealed that 60% of Haiti's land was forested in 1923, but deforestation was 

accelerated after Hurricane Hazel downed trees throughout the island in 1954, and 

concessionaires stepped up their logging operations mostly in response to intensified demand for 

charcoal in Port-au-Prince (Johnson-Williams, 2011). By 1954 only 8% of the territory’s forest 

cover remained, and significant wood shortages were being reported in the country (Metz, 2001, 

p. 319). Today, the majority of almost ten million Haitian people continue to rely upon fuel 

wood while inadvertently destroying what little remains of the country’s natural resources in the 

biomass they extract for the production of essential cooking energy (Metz, 2001, p. 320).  

Loss of forest habitats and other canopied environments have a direct and cumulative 

effect on biodiversity, creating a domino effect of decline which affects plant and animal life as 

well as water and soil resources. An examination of the paleontological evidence by Swartley 

and Toussaint (2006) indicates that a major portion of the mammal diversity of Haiti had gone 
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extinct by 1992, this loss largely represented in the rodents, ground sloths, monkey and shrew 

species that were endemic to the island of Hispaniola. Swartley and Toussaint’s (2006) 

examination also determines that Haiti’s threatened flora include more than one hundred taxa, 

representing 31 plant families. 

Centering their basic argument on the political ecology of the island of Hispaniola, 

Weinstein and Segal (1992) as well as Webersik and Klose (2010) suggested that political factors 

explain the ecological differences between Haiti and the Dominican Republic – the latter being 

the relatively wealthier economy on the island of Hispaniola. The argument raised by Webersik 

and Klose (2010) is based on an attempt to explain the contrast between the two countries 

relative to the conditions of modern politics, democracy, and economics. According to the 

authors, nations with greater political stability, more democratic institutions and stable economic 

growth - such as what they see as the prevailing conditions in the Dominican Republic - are more 

able to cope with natural hazards and have greater capacity to adapt to future climate change 

impacts than nations with greater political instability and variable growth rates, such as 

prevailing conditions in Haiti (Webersik & Klose, 2010, p. 18). 

Edward Barbier (1998), in his study ‘Deforestation, land degradation and rural poverty in 

Latin America’ provides elucidation which negates the common arguments of contemporary 

research that views the modern conditions of Haitian poverty as being caused purely by 19th 

century population growth, inadequate farming practices, government extortion of peasant 

income through taxes, and the illegal harvesting of trees for the production of firewood, charcoal 

and other domestic uses. Barbier’s conclusions are supported by others such as Dolisca, Jolly and 

Shannon (2007), Ahmed et al., (2007) and Dupuy, (1989). Barbier (1998) identified that the 

poverty problem itself may not be a direct cause of environmental degradation, but instead 
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operates as a constraining factor on the abilities of poor rural households to avoid resource 

degradation or to invest in mitigating strategies against the degradation (p. 173). Barbier’s 

finding suggest that Haiti’s existing condition of underdevelopment and malaise is not purely a 

consequence of post-independence descent into poverty, but is rooted in historical impacts which 

have been, and continue to be, cumulative and destructive to the social, political, environmental 

and economic systems which have long ceased to be functional within the nation state. 

When examined against the backdrop of Myrdal’s economic theory of Cumulative 

Causation (Myrdal, 1957), the contributions of Locke (2012), Diamond (2005), Nesbitt (2005), 

Doura (2001), Metz (2001), Lundahl (1992), Trouillot (1990), and Gill (1931) all confirm that 

the present condition of the Haitian peasantry reflects cumulative effects upon the environment, 

social strata, economic systems and the political realm. These effects stem from three centuries 

of repetitive crises, thus the Haitian peasantry is caught in a spiral of circular and cumulative 

causation which, owing to dwindling resources and increasing populations, have depressed the 

standard of living among the population, hence plunging the country into the multi-sectorial 

malaise observed in contemporary times (Lundahl, 1992, p. 28).   

2.6 Haiti’s ecological economy: A neo-political review 

Devoid of a tourism industry which was damaged in the 1980’s during the zenith of the 

AIDS phobia perpetuated by the media against Haitians as a national group (Lawless, 1992, p. 

xxiii), and with limited mineral resources on which to establish a productive sector capable of 

generating an export base, Haiti was further forced into over-reliance on its limited natural 

biomass resources. With approximately 80% of Haiti’s population working directly in farming 

activities or dependent on the agricultural sector for daily survival (Jean, 2010, p. 17), Lawless 
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(1992, p. xxii) reports that the country’ agriculture is increasingly precarious, 95 percent of the 

rural countryside already deforested and impacted by high levels of soil erosion by the early 

1990s. Thus, Haiti exhibits a high dependency on biomass resources but exists in an 

‘environment’ of unsustainable practice where demand continues to outstrip the rate of 

replacement of both plant biomass and soil resources. The most significant challenge therefore is 

to develop and broaden an environmental economics framework that takes into account all the 

ecological, cultural and social 'costs' that are not addressed by the principles of conventional 

economics. These include factors distinctly disruptive to natural stores of organic carbon such as 

soil erosion, deforestation, charcoal production, agricultural practices, water, and other stresses 

within the local community which are normally treated as external to economic markets.  

As an imperative reaction to the ecological challenges at hand, Haiti should begin to 

embrace an Ecological Economy which recognizes that people have the ability to respond to 

ethical problems and considerations such as environmental and associated social costs, enabling 

the concept that the market economy is not purely driven by supply and demand, but also by 

cultural, social, and ecological costs which have largely remained unseen. It is important to 

consider the implications of a carbon sensitive economy, taking into account its effect on the 

environment, and being aware that increasing demands without consideration for the capacity of 

natural resources and the environment will lead to further deterioration and reduced future 

productivity. 

Since carbon in the forms of soil and biomass plays an important role in energy 

generation and food production and is central to the functioning of environmental services in 
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Haiti, Ecological Economics offers a systematic way of accounting for natural capital in a 

manner that elevates its importance beyond the scope of neoclassical economics.  

2.6.1 The ecological economy of agriculture and energy in modern Haiti  

Agricultural colonialism was an important technique used by European powers to open 

up new frontiers in the Americas following the discovery of the New World by Christopher 

Columbus in 1492. An examination of the literature indicates that as the colonial power 

responsible for one of the greatest agricultural extraction from a single location over the span of 

a single century, France bears a fair amount of culpability for applying the extractive forces that 

initiated Haiti’s ecological collapse. The problems associated with ecological decline in 

colonized Haiti (Saint Domingue) were compounded by enforced financial reparations which 

Nesbitt (2005, p. 47) describes as the single greatest cause of economic underdevelopment in 

Haiti, a significant factor precipitating the current pervasive state of vulnerability in the country. 

At the time of its independence, national investments in Haiti’s socio-economic structures were 

prevented by the imposition of the heavy cash indemnity by France, by a trade embargo enforced 

by treaty between the United States and the French government (Galeano, 1997, p. 66), forcing 

the mass exodus of Haitian citizens into non-taxable activities such as subsistence agriculture.  

Using information and statistical data from USAID and FAO reports which were 

published in 1994 and 1995 respectively, Baro (2002) assessed the problems of long standing 

poverty in Haiti as being expressed through the main symptom of chronic malnutrition. Baro 

found that Haitians consumed only 85% of the recommended daily allowance of calories, with 

food production and distribution problems underlying the causes of malnutrition. Baro’s research 

reveals that despite the resiliency of rural Haitian farmers engaged in subsistence and market 
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oriented farming, garden plots increasingly yield less food, marketplaces distribute food 

inequitably, and even people engaged in farming do not earn enough money to consistently buy 

necessary food items they do not or cannot produce themselves (Baro, 2002, p. 1). 

Part of the explanation for food insecurity rests within the embedded politic of neglect of 

the Haitian countryside, a pattern which Trouillot (1990, p. 92) notes existed for decades. In 

contemporary Haiti, rural livelihood systems undergo an ongoing cycle of chronic and acute 

crises in the absence of sustained political efforts to understand the causes or assist rural 

populations to break the negative cycles (Baro, 2002, p.2). Lundahl (1979) suggests that land 

erosion has been the key factor in agricultural decline in Haiti, directly contributing to falling 

rural incomes which continued to decline over the years as the sector shifted away from export 

cropping to the production of domestic food crops. Based on his assessment of Lundahl’s work, 

Smucker (1981) determined that food production accounted for significant levels of rural 

deforestation during the 20th century, leading to added problems of ecological decline and 

hunger issues (p. 2).  

Conditions of poverty, malnutrition and neglect have been determined by a growing list 

of researchers and authors to be pervasive and continuous over the decades. Arche Jean (2010) 

exposed a major irony in his finding that despite the increasing neglect of the peasantry and their 

primary indulgence in agricultural activity, about 80% of Haiti’s population work in farming 

activities or depends on the agricultural sector for daily survival (p. 17). Data derived from the 

International Monetary Fund (IMF, 2012) supports Jean’s claims in showing that, despite its 

many setbacks, agriculture is the most secure sector in the Haitian economy, with an annual 

contribution of US $125 million to the economy. This sum reflects 38% of earned foreign 
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currency from exports, the sector employing 50% of economically active labor at the national 

level, while providing 80% of the jobs in rural areas (IMF, 2012, p. 45). 

In the 2012 country report on Haiti, the International Monetary Fund (IMF, 2012) 

denoted that although agriculture has always been the mainstay of the Haitian economy, its 

relative importance has decreased considerably and consistently for the last four decades with the 

arrival of the subcontracting industry, the rural exodus, the deterioration of the environment due 

to deforestation, and the excessive pressure on farmland. IMF data reveal that the contribution of 

Haiti’s agricultural sector to GDP in 2012 was estimated at about 25%, with the country able to 

meet only 50% of its demand for grains. The IMF (2012, p. 45) determined the structural and 

economic constraints upon the agriculture sector to be inclusive of the following eight 

interrelating factors; 

(i) The small size of farms - an average of 1.2 hectare per unit 

(ii) Land insecurity – creating disincentives to land development or optimal management 

(iii) Low level of technology in farm management 

(iv) Poor infrastructure for harnessing water,  transportation, harvest, processing, and 

packaging 

(v) Insufficient government support characterized by a low investment budget, causing 

96% of agriculture promotion to be dependent on international cooperation 

(vi) Inadequate organization of producer associations 

(vii) Lack of interest by the financial sector in agriculture, making insurance coverage of 

farming and rural credit systems nonexistent 

(viii) The nearly annual de-capitalization of farms due to weather events  
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Jean (2010), Diamond (2005), Trouillot (1990), and Heinl (1978), all agree with the IMF 

on many of the factors noted above, however, notable exception is taken to the IMF’s suggestion 

that the small size of farms is a structural and economic constraint. Locke (2012) exposes the 

potential bias in development aid implicit in the suggestion by the IMF that focus should be 

placed on larger farms, noting that the realization of this focus would suddenly exclude more 

than 80% of Haiti’s farmers. In highlighting the specific nature of the bias, Locke (2012) shows 

that the bulk of development funding to Haiti is tied to the political, military, and commercial 

interests of donors, to the extent that by 2012 development aid is no longer effective in 

benefiting the intended recipients (p. 29). Focusing agricultural aid to larger farms would simply 

perpetuate a bias that will lead inevitably to more poverty and hunger, particularly among the 

rural masses. 

With specific criticism of the policies of the IMF and other institutions such as the World 

Bank toward Haiti, Locke (2012) makes the determination that the net result has been the 

destruction of local agricultural production, ensuring increased dependence on subsidized food 

imports (p. 86). Locke (2012) provided evidence of the impact of IMF and World Bank policies 

by showing that Haiti went from being mostly self-sufficient in food production in the mid-1980s 

to importing approximately 60% of its food in 2012 (p. 35). This turn of events was triggered by 

the IMF’s position that development loans would be advanced to Haiti only on condition that the 

country lowered its targets on imported goods, including food products. This condition single-

handedly caused the country to be flooded with subsidized rice from the United States 

throughout the 1990s, eliminating self-sufficient Haitian rice production by ruining thousands of 

small farmers involved in the cultivation of the crop, further reducing them to extreme poverty 

(Locke, 2012, p. 85; Shamsie, 2010, p. 5).  
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Farmer (2011, p. 50) provided additional insight through his findings that Haitian 

agriculture has continued to be hammered by both the forces of nature and by a punishingly 

unfair political economy involving both national and international forces. Johnson-Williams 

found that in 2011, at least 90% of Haiti’s soils had become severely degraded, compounding the 

accelerating rate of deforestation that had already become a problem because of environmentally 

unsound agricultural practices, by rapid population growth, and by increasing competition over 

scarce land (Johnson-Williams, 2011). Farmer (2011) suggests that addressing the problems 

broached by Johnson-Williams ‘required massive pro-poor investments in agriculture, which 

would do more to alleviate Haitian poverty than 50,000 new assembly jobs’ (p. 50).  

The United Nations News Centre (2013) discloses that the number of Haitian people who 

did not have enough food to eat on a daily basis rose from 1.2 million in 1997 to 3 million in 

2007. By 2012, the figure had climbed to 6.7 million, leaving 67% of the population without 

food some days, unable to afford a balanced diet, or having limited access to food in general. As 

many as 1.5 million residents presently face malnutrition and other hunger-related problems, and 

both poverty and lack of access to food have become embedded into the fabric of Haitian 

society. 

2.6.2 Peak energy: Charcoal in contemporary Haiti 

In his book chapter which compares Haiti to the Dominican Republic, Jared Diamond 

(2005, p. 341) makes the finding that Haiti’s poverty forced its people to remain dependent on 

forest-derived charcoal for cooking fuel, and increasingly, this has accelerated the destruction of 

the territory’s last remaining forested areas. Citing the work of Benge which was published in 

1978, Smucker (1981, p. 2) in his study of ‘Trees and charcoal in Haitian peasant study of 
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reforestation’, estimated that by 1974 Haiti's forests were being cut down at nearly five times 

their rate of re-growth, increasingly to supply urban demand for charcoal as cooking energy. 

Baro (2002) conducted research in the Northwestern region of Haiti, determining from data also 

gathered from the Pan American Health Organization (PAHO) and the World Health 

Organization (WHO) that twelve of Haiti’s thirty major watersheds were completely deforested 

by 1978. Baro (2002) considered this to be catastrophic particularly because the trends have been 

occurring alongside a growing national population which increased by 1.8 percent annually since 

the 1970s. 

Conducting their research in the Forêt des Pins Reserve area in Haiti, Dolisca, Jolly, and 

Shannon (2007, p. 1) calculated that 85% of Haitians domiciled in this region depended 

exclusively on fuelwood energy to satisfy domestic needs, this requiring the removal of 3.3 

million cubic meters of wood each year from this area alone. These authors noted their concern 

for the future of fuelwood supplies as demand for cooking energy continues to increase as the 

Haitian population grows. Benge (1978, p. 2), citing data published earlier by Whitney (1978),  

estimated that a consumption rate of 12 million cubic meters of wood per year was being used by 

a population of approximately 4.5 million people in Haiti during the decade of the 1970s. 

Between 1976 and 2013 the population of Haiti more than doubled, currently numbering 9.9 

million people (CIA World Factbook, 2013), the majority of who depend to the same degree on 

charcoal and wood energy as people did in the 1970s. Data from a 2006 report by the Haiti 

Ministry for Public Works, Transportation and Communications (MPWTC) shows the removal 

of 37.4 million cubic meters of wood biomass for energy each year, which is equivalent to 30 

million trees per annum at a replanting rate of 20 million trees with a survival rate of 40% 

(MPWTC, 2006, p. 3). The application of simple mathematics reveals that only 8 million trees 
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survive each year while 30 million are removed. This means that 3 trees per person are removed 

per year at a replanting rate of 2, and a survival rate of less than 1 tree per person.  

Baro (2002, p. 26) established that the manufacturing of charcoal from wood is widely 

practiced in all ecological zones in Haiti including the coastal and irrigated areas. This evidence 

is supported by earlier data collated by Smucker (1981), Conway (1979), and Benge (1978) on 

the emergence and development of a charcoal industry that has become a significant economic 

sector in Haiti. Using research methods that derived information from key informant interviews 

in several localities, and corroborated by data from questionnaires on the significance of charcoal 

production, Baro (2002) found that large numbers of males migrate during the agricultural off-

season to parts of Haiti which offered the best opportunities for charcoal production (p.26). This 

type of migration is prompted by changing ecology over the decades, as production centers yield 

less and less due to loss of biomass resources, and new areas from which wood is available are 

exploited (Smucker, 1981, p. 8).  

Charcoal production in Haiti has evolved into a full-fledged commercial system with a 

well-developed chain of production that delivers a valuable source of energy. Sepp (2008) 

recommended that the charcoal value chain should be recognized as a valuable sector wherever it 

is practiced, charcoal production being a business of choice for the rural poor, contributing to 

household income and providing safeguards against food-shortages, unemployment and poverty-

related risks (p. 2). In Haiti, much of the charcoal produced in rural areas happen because of the 

huge demand for the product in the cities – especially Port au Prince, but the availability of 

agricultural activity and production is generally a deterrent upon charcoal production. Lea (1996) 

drew conclusions from the work of Smucker (1981) showing that Haitians produce charcoal 

when more remunerative activities are unavailable. As agriculture become a more profitable 
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activity with less pronounced seasonality across the various growing regions of the country, 

charcoal production becomes less important as a source of income to rural Haitians (Lea, 1996, 

p. 36). 

Johnson-Williams research (2011) supports previous evidence from Smucker (1981) 

which shows that when trees are downed by storms destroying fruit harvests for decades in most 

cases, the available wood becomes desirable for charcoal production because it provides a source 

of income to those people who lost food sources (p. 17). Taking advantage of plentiful wood in 

this manner becomes a community affair, as demand for both wood and charcoal is constant and 

growing. Smucker (1981) also found that where charcoal production is introduced in the arid 

agricultural zones of rural Haiti, the practice is quickly adopted by the poor and then by all 

members of the community – including relatively wealthier people – as long as there are 

sufficient supplies of wood. Smucker’s discovers that where there is a confluence of key factors 

for charcoal production, the activity tended ‘to expand from an off-season sideline of poorer 

peasants to a full harvest sequence involving all members of the community’. Under these 

circumstances the commercial incentive to produce charcoal is quite sufficient for the practice to 

spread rapidly and voluntarily even to those who could normally sustain their livelihoods without 

it (p. 18). 

However, Baro (2002) shows that more recent charcoal production in Haiti has impacted 

trees and bushes to such effect that these resources are no longer available to furnish much 

needed biomass, the consequence being that for the past four decades, charcoal workers have 

resorted to collecting twigs and stumps, and even more recently, to digging up roots in order to 

obtain the biomass required for making charcoal (p. 26). Charcoal production from tree roots 

places Haiti’s charcoal chain in a unique realm. Baro (2002) found that digging up roots - usually 
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from Logwood and Gaiac trees - required significantly more labor than production from tree or 

bush branches (p. 26), but the price of charcoal from root sources fetched about 40 gourdes 

(Haitian currency) per sack, compared to charcoal made from branches which sold for only 14 

gourdes per sack (p. 27). The resorting of the Haitian peasantry to the digging up of tree roots for 

charcoal, considered against the backdrop of accelerating environmental decline, reinforces the 

findings of Barbier (1998, p. 173) that poverty is not the direct cause of environmental 

degradation in Haiti, but operates as a catalyst for further declining of the environment due to 

constraints exerted on the abilities of poorer rural households to avoid resource degradation, or to 

invest in mitigating strategies against the degradation. 

Smucker (1981) noted that outside of the need for charcoal as cooking energy in urban 

areas of Haiti, there is also demand for both firewood and charcoal for businesses such as dry 

cleaning establishments, the manufacture of clairin (a popular alcohol blend used in religious 

rituals), in bakeries, and in essential oil processors (p. 8). Urban demand for charcoal and wood 

is high. In its ‘Haiti Energy Sector Development Plan, 2007-2017’, the Ministry for Public 

Works, Transportation and Communications (MPWTC, 2006, p. 3) shows that charcoal is used 

by 90% of households in Port-au-Prince and other major cities. Together, domestic and 

commercial demands for charcoal in urban centers generate a ‘positive pull’ on its production, 

creating, impacting, and proliferating the charcoal cycle in rural areas.  

Smucker (1981, p. 18-19) describes the charcoal cycle as historically progressing through 

fourteen stages; 

1. A region begins with abundant wood resources and there is no charcoal 

production; Local fuel needs are met by the gathering of firewood. 



Running Head: ADVANCING AN INTEGRATED FOOD ENERGY SYSTEM IN HAITI    53 
 

2. Outsiders enter the region in search of hardwood trees. 

3. Outsiders introduce charcoal making. 

4. Outside the agricultural season, poor people from the local community 

participate in charcoal production. 

5. Broadened participation of community members follow. 

6. There is the gradual disappearance of Gaiac hardwood species - the most highly 

valued tree for charcoal production. 

7. More well-to-do-peasants in the local area begin to participate as buyers, 

stockers, and wholesalers, as well as producers. 

8. Incorporation of the full range of peasant labor practices in the making of 

charcoal occurs; these practices include wage labor, exchange labor, contract, 

work, and sharecropping of wood resources. 

9. Where feasible, trucks begin to arrive frequently over seasonal roads. 

10. All community members begin to participate in the charcoal industry as a year-

around activity with very little seasonal variation. 

11. The emergence of visible classes of peasant producers based on the scale of 

production of charcoal and mode of transportation. Notably, poorer producers 

carry bags on their heads to trans-shipment points. 

12. Eventual diminution of local wood resources occurs, curtailing production to 

tree roots. 

13. The poorer members of the community continue to work the least desirable 

wood resources such as softwoods, cactus, scrub trees, stumps and twigs. 
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14. Charcoal production virtually disappears from the local community, and 

middlemen go further afield to purchase charcoal. 

Research conducted and published by Baro (2002), Smucker (1981) and Benge (1978) all 

reveal that women play an equally important role in the charcoal value chain in Haiti. Smucker 

(1981, p. 25) ascertains that men were more often the woodcutters and kiln workers involved in 

making charcoal, while women commonly raked and sacked the finished product in readiness for 

markets. However, women predominate in pedestrian transport, as well as they are the most 

common retailers of charcoal, with men more inclined to be wholesalers. These generalizations 

aside, there is considerable flexibility between the roles by both men and women, with both 

genders engaging in all aspects of charcoal production. 

In his research titled ‘charcoal value chain and improved cookstoves sector analyses’ 

conducted in Rwanda, Courtney Blodgett (2011) depicted five linear steps within the chain 

which are applicable in the Haitian context. These are (i) wood production, (ii) carbonization, 

(iii) transportation, (iv) retailing and distribution, and (v) Final consumption. Baro (2002) and 

Smucker (1981) have identified the (a) the charcoal cycle, (b) relations of production, (c) gender 

relations and (d) contribution of artisans such as stove makers and welders as interacting within 

the five steps of the value chain identified by Blodgett (2011). Of high importance is the level at 

which the charcoal chain functions as an employment sector. While there has been no precise 

count of the number of people employed, the MPWTC estimated in 2006 that more than 150 

thousand persons were employed in Haiti’s charcoal chain from production to final consumption 

(MPWTC, 2006, p.3). Based on a summarization of these facts, the impacts, effects and 

consequences of the Haiti charcoal chain can be diagrammed as follows. 
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Figure 3: The Charcoal Consumption Chain (Haiti) 

 

 

 

2.7 Haiti’s political ecology and ecological history: A correlational examination 

The entire ecological history of Haiti can be diagrammed to reflect the relationships 

between its ‘political ecology’ and the legacy of ‘ecological economy’ handed down to it over 

the 522 years from 1492 to 2015. Figure 3 demonstrates the descending path toward economic 

and environmental collapse that Haiti has taken over these five centuries of intense ecological 

drawdowns on its natural resources, causing the loss of ecosystems services and constituting the 

root causes and key ecological transformations in the territory which have led to peak soil, peak 

biomass, peak charcoal, and peak water. The diagram illustrates the cumulative causation and 
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effects that have rendered the country one of the poorest in the world, and the most vulnerable 

economy, society, and environment in the western hemisphere.  

Haiti’s history can be notionally segmented into five distinct states of gradual 

underdevelopment beginning in 1492, each ‘state’ outlining the significant causative factors that 

impacted the country’s natural economy. The ‘colonized state’ depicts the 311 years between 

European contact and the eve of political independence when biological (exotic plants, animals, 

African slaves) and economic forces impacted the territory with almost no accrued benefit 

remaining in the colony. Between 1804 and 1914 the territory can be determined a ‘pariah state’ 

as it struggled with internal political pressures amidst global unanimity to exert checks and 

balances on its political and economic progress.  

As an ‘occupied state’ between 1915 and 1934, Haiti experienced the first and longest 

military occupation by the United States, a factor which is considered to have influenced its 

decent into political and economic malaise described as the ‘fragile state’ which immediately 

followed military occupation. The influences of the ‘occupied state’ have been determined to 

extend until 1949 when Haiti’s debt to France was forcibly fully repaid. Finally, Haiti’s current 

‘welfare state’ of existence is determined to have begun after the ouster of Duvalier in 1986. The 

‘welfare state’ depicts dire areas of social and economic need in present day Haiti, highlighted by 

ecological conditions which are most in need of attention and regeneration.   
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Figure 4: Haiti’s Political/Ecological History: 1492-Present 

 

 

2.8 Conclusive arguments  

Emerging as a new country into a world  surrounded by European powers and interests, 

and locked out of a mercantile economic system from which it was singularly excluded, Haiti as 

a nation faced some of the most cruel forms of racism and victimization ever observed in the 

western hemisphere. In its repeated attempts to take its place as a free republic in an era of white 
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world domination, the territory has been thwarted by its incapacity to produce, develop goods, 

and trade with others on equal ground. Hence, Haiti has been forced to sacrifice and surrender its 

economy, ecology and social development to the profit accumulation of outsiders.  

Internal political rumblings such as class warfare and civil wars were not unique to Haiti, 

and, being equally common to every society regardless of race or geography, are not the macro 

factors responsible for its economic malaise. The application of Political Ecology and 

Cumulative Causation Theory as lenses of inquiry reveal an alternative perspective which 

supports the dialectic that Haiti’s pervasive vulnerability stems from a historical progressive loss 

of woodlands and a cumulative set of socio-political circumstances, global economic alienation, 

and environmental stressors which have reduced the Haitian landscape to 1% forest cover and a 

loss of 90 % of its native soils by the turn of the millennium. These ecological pressures were 

built up over two centuries, contributing to stymied development, weakened resiliency, and the 

resulting institutional failures observed in modern Haiti.  

The challenges that Haiti face are dire, and require regenerative applications that take aim 

at the systemic failures of the territory’s ecology through a clear realignment of thinking to 

change the way the territory is perceived, and how its developmental transformation should 

convene. Investments through humanitarianism have fallen short of being helpful to the common 

Haitian, so there is the need for a new outlook which seeks to examine the most pressing needs 

hinging on food and energy security. At every level of modern society, energy needs and 

demands complicate the search for ecological solutions, and this in many ways has affected the 

apparent empathy at worst, and absence of ideas at best, to address the implicit crisis of Haiti.  
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The misdiagnosis of the underlying problem leading to ecological collapse has justified 

an approach which focused almost exclusively on the planting of hardwood tree species in Haiti. 

Reoriented to the true cause of the problem, it becomes necessary that the territory's soil be seen 

as a more significant natural resource, to be built and sustained in order to support reforestation 

and agriculture. Put succinctly, rebuilding the country from its soils upwards is a plausible 

approach toward addressing the urgency of erosion, deforestation, and their combined impacts on 

fragile ecosystems that provide valuable environmental, social and economic services.  

Haiti’s investments need not be on industrial jobs and on garment manufacturing which 

only provide more profit to capitalist investors who exploit low wages and a large population of 

people seeking to earn a living. As Paul Farmer recommended, Haiti needs significant injections 

of investments in agriculture, and in the development of an energy sector that avoids the further 

destruction of trees and soils. Only in taking this approach, particularly through a reordering of 

ideological thinking that seeks alternative applications, will the ravages of five hundred years of 

harvest, exploitation, and exportation begin to become undone.    

 

 

 

 

 

 

 



Running Head: ADVANCING AN INTEGRATED FOOD ENERGY SYSTEM IN HAITI    60 
 

Chapter 3: Dominant ideologies as oppression instruments - A literature review 

3.1 Introduction  

The prevailing attitudes toward Haiti are dictated by dominant perceptions enabled by 

decades of western scholarship and media reports which fed the belief that Haitians have pillaged 

their own natural resources and are thus very directly, victims of self-created circumstances. If 

these misplaced beliefs are allowed to prevail without the unfolding of the whole story reframed 

through Haitian experiences and retold from Haitian perspectives, no reasonable long-term 

solution to Haiti’s plight will be found, and only short-term, crises driven attention will be paid 

to its plight. After all, if the cause of Haiti’s plight is Haitians themselves, then there is little 

reason to intervene except in cases driven by the sentimentalism associated with images of acute 

needs during natural disasters. It is important therefore to challenge these misunderstandings 

through a re-examination of the factors that have contributed to the prolonged state of bias, 

mistrust and discrimination against Haiti. This is important for establishing the foundation for a 

more egalitarian path toward the rebuilding of the socio-ecological framework of the nation state, 

and is conducted through the exploration of the component explanatory, practical, and normative 

criteria of Critical Theory Research. 

3.2 Critical Theory as liberation research 

Partly derived from disenchantment with classical Marxist ideology, Critical Theory as a 

school of thought emerged as a reflective theory (Bronner & Kellner, 1989, p. 1) which derives 

results from critical inquiry to provide its practitioners a kind of knowledge inherently conducive 

to enlightenment and emancipation (Geuss, 1981, p. 2). In their essay ‘Rethinking critical theory 

and qualitative research’, Kincheloe and McLaren (2002, p. 87) argue that Qualitative Research 
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which purposefully orients its context within the framework of critical theoretical concerns, often 

creates ‘undeniably dangerous knowledge’. This type of knowledge is harnessed from critical 

inquiry through the development of information and new insight into phenomena, which often 

counters conventional wisdom and disturbs institutionalized belief systems. Leonardo (2004, p. 

11) argues that the central aim of Critical Theory is the creation of functional criticism for the 

advancement of research on the nature of oppression and the process of emancipation. 

Critical theorists are however not merely interested in how to discover new truths about 

situations of phenomena, rather, their concern lies in understanding how what we have accepted 

as truth came to be so (Rich, 2007. p.7). This is illustrated in the work of critical theorist Edward 

Said whose central thesis on Orientalism focused on the treatment of the East (the Orient) by 

western scholarship which, over centuries of literary contribution, portrayed the region as an area 

of despotism and luxury, sexual immorality, sensual laziness and backwardness (Said, 1995). 

Whether these perceptions began from casual or engaged observations at different points in time, 

they served two major purposes of benefit to the observer society. Firstly, it rationalized the 

necessity for intervention and salvation of the decadent Orient by a supposedly more advanced 

and moral West, and also the subjugation and colonization of Oriental societies to serve the 

material needs of western societies (Said, 1995, p. 33). 

Whether the focus is on the Orient, on Africa, or on areas within the Americas, western 

intervention through the process of invasion, occupation, and subsequently subjugation led to the 

long-standing social system of colonialism. Colonialism, as noted by Sharp (2008, p. 3), was 

ideologically presented as the extension of civilization and enlightenment from self-ascribed 

superior racial and cultural societies of European Western to non-Western, morally deficient 

colored people found in less cultured parts of the world. Subjugation dictated the kind of 
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relationship between the colonizer and the colonized where the systems of order or cultural 

expressions of the latter were usually dismissed through a ‘series of negations’. These negations 

rationalized an order of thinking where colonized peoples were not seen as being fully human, 

not considered fully literate, and their modes of thought and language were considered 

inadequate (Smith, 1999. p. 27). This way of thinking has served to create and sustain 

ideological biases against indigenous peoples, contributing to the suppression of their stories and 

knowledge systems;  hence, what remains on record are only those stories and systems of 

knowledge documented and conveyed through the eyes and voices of the colonizer.      

Smith (1999) suggests that as part of the critical pedagogy of decolonization, it is 

essential to come to know the past in such a manner that access to alternative ‘knowledges’ will 

form the basis of alternative ways of doing things. This requires a revisit to the history recorded 

through Western eyes, adopting a theory or approach ‘which helps us to engage with, understand 

and then act upon history’ (Smith, 1999, p.34). In retelling stories from the past through the 

unearthing of testimonies of past injustices, indigenous people struggling for all forms of justice 

- including knowledge justice - can employ strategies that result in information which is accepted 

and acknowledged as valid interpretations of what took place in the past (Smith, 1999, p. 35). 

The harnessing of information in this way, and the application of new-found knowledge 

helps to reshape and retell stories from the ideological perspectives of indigenous people, 

providing empowerment for new interpretations of history which will guide the impetus for 

doing things differently. Critical Theory methodology is social theory oriented toward critiquing 

and changing society as a whole. Max Horkheimer suggests that Critical Theory provides both 

the normative and descriptive bases for social inquiry with an objective to decreasing domination 

and increasing human related liberation in all forms (SEP, 2005). On this basis, a theory is 
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considered critical to the extent that it seeks human emancipation from the circumstances that 

subjugates them directly, or deprives them of fully contributing to the knowledge and culture that 

determines their existence.   

Analogous to the issues raised by Edward Said (1993) in his treatise on Orientalism, 

dominant realities informed by prevailing social theories have also created hierarchical orders in 

world affairs that has led to countries being depicted as first, second, or third world nations, thus 

continuing in the modern era the conveyance of an ideology which suggests that certain cultures 

– particularly those of western societies - are superior to others.  With an aim to understand, 

explain, and transform the circumstances that subjugates human beings, variations of Critical 

Theory have been developed as a direct response to hierarchical arrangements (SEP, 2005). 

These include approaches described as World Systems Theory (Wallerstein, 1974), Critical Race 

Theory (Solórzano & Yosso, 2002), Critical Media Studies (Ott & Mack, 2014), and 

Postcolonial Theory (Gandhi, 1998). 

Regardless of the specific type of critical inquiry being applied, the core concepts 

employed in the approaches incorporate two important objectives; (a) the pursuit of knowledge 

about how the society came to be configured at specific points in history, and (b) the quest to 

improve understanding of society, and retell stories by integrating all the major social sciences 

including history, economics, political science, ecology, sociology, anthropology, and 

psychology (SEP, 2005). Emanating from ideas generated through the Frankfurt School, 

Horkheimer is cited by the Stanford Encyclopedia of Philosophy (Horkheimer 1983 in SEP, 

2005) for his suggestion that three simultaneously occurring criteria should be met by inquiry if 

the critical theory is to be considered adequate for addressing the situation under investigation. 
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1.) The inquiry should explain what is wrong with current reality (The explanatory criterion) 

2.) The inquiry should identify the actors to change it (The practical criterion) 

3.) The inquiry should provide both clear norms for criticism and achievable practical goals 

for transformation (The normative criterion) 

Applying the explanatory, practical and normative criteria all at the same time during the 

conduct of critical inquiry is suited to approaches that combine methodologies. This combination 

may occur through a triangulation of historical review, observation, and interviewing with 

approaches that foster conversation. Triangulation is used to establish validity in inquiry by 

analyzing a research question from multiple perspectives. This improves the level of confidence 

of the research data through the creation of innovative ways of understanding a phenomenon to 

reveal unique findings, challenge or integrating theories, and provide clearer understanding of 

the research situation (Guion, Diehl & McDonald, 2002).  

Cognizant of the criticisms that have been aimed at Critical Theory, rather than naming, 

describing, and seeking some kind of revenge for the errors of the past, the critical theorist tries 

to challenge guiding assumptions in order to develop a new way of interpreting the past, thus 

evoking alternative response methods of liberation and emancipation. The research inquiry 

employed in this study aims to reassess the historical factors and impacts of Haiti’s poverty, 

introducing a reinterpretation of the social, political and ecological history of the territory so as 

to provide new perspectives on the processes which led to Haiti’s decline and collapse. The 

research will be oriented through Critical Theory methodology, framing the arguments and 

debates within Victim Blaming Theory, Political Ecology, Ecological Economics, and 

Cumulative Causation Theory. These tools of inquiry will accommodate the operationalization of 

the Explanatory Criterion of Critical Theory, the objective of which is to explain what is wrong 
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with the current reality. This will be portrayed within the concept of Haitiism which is 

introduced as a conceptual definition in this dissertation. In operationalizing the explanatory 

criterion, both the practical and normative criteria will be employed as supportive forces of 

inquiry that are important for defining and determining a prescriptive framework for ideological 

reformation. 

3.3 ‘Haitiism’ as an ideology of human and social devaluation 

It may be determined, based on the theoretical arguments used by Edward Said (1995) to 

conceptualize the notion of Orientalism, that a corresponding critique of dominant attitudes and 

ideology toward Haiti can be called ‘Haitiism’. Said (1995, p. 15) notes in particular that his 

examination of Orientalism sees it as a dynamic exchange between individual authors writing 

about observable phenomena within the Orient, and the large political concerns or ideology 

shaped by the three great western empires of Britain, France, and the United States. In his critical 

evaluation of historical reports on Haiti since its inception, Robert Lawless (1992) states that for 

much of its early history leading up to the 1920s, ‘favorable reports about Haiti were as rare as 

positive declarations on the nutritional value of cannibalism, or the healing power of black 

magic’ (p. xiii). Lawless’s work provides an in-depth account of current biases against Haiti, 

tracing the origins of the biases to the long-standing racial prejudices of Europeans involved in 

the slave trade. The rationalization for these biases centered on the perceived mental inferiority 

of blacks in the alleged suffering under the savagery of their own black leaders in the disease 

ridden interior of a wild and untamed African environment (p. 29).  

The development of the biases towards Haiti emerge from this backdrop of inferiority, 

and were bolstered by the lack of understanding of Haitian religion, culture, and the success of 
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the slave uprising which freed the territory from the hands of colonial France after the long and 

bloody 12 year war for emancipation that ended in 1804. According to Lawless (1992, p. 51), 

almost all the reports or studies of Haiti after this time are filtered through various attempts to 

literally put it ‘back in its place’, this being synonymous with blackness, backwardness, and 

savagery. The main goal of these reports was to completely align the Haitian Republic with 

European perceptions of savage Africans, much of the effort intended to debase the ability of the 

first free black Republic to govern itself independent of white slave owning colonialists (p. 53). 

Lawless (1992) reports that particularly since the 1960s there has been an increasing 

recognition of the immoral, perverse, and vacuous nature associated with these blatant racist 

perspectives. Consequently the Western press has muted its more blatant racism, but due to the 

plagiarism often associated with media reports, as well as the accepted practice of citing earlier 

works as common to academia, significant amounts of bad press and flawed research 

assumptions have survived into  contemporary times (Lawless, 1992, p. xiii; p. 52).    

Drawing parallels with the line of reasoning as argued by Said (1995), and bearing the 

work of Lawless (1992) in mind, nine specific arguments are made to show the dynamic 

evolution of the conceptual notion of Haitiism, each argument representing prevailing attitudes 

during specific eras, but each building on the other from a single point in history leading up to 

the present time. These arguments unfold in the following manner. 

1.) Haitiism as a notional concept expresses the series of environmental abuses faced by 

Haiti over two centuries, beginning with imperialist subjection to France, and the 

colony’s social and economic isolation from the rest of the world during its revolutionary 

struggle for freedom from chattel slavery. These almost insurmountable historical 
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challenges are noted in the works of historians including James (1963), Galeano (1997), 

Crosby (2003), Lowney et al., (2005), and Mann (2012).  

2.) Haitiism explains the unique experience faced by the first free black republic as it threw 

off its colonial name (Saint Domingue), promptly adopting an indigenous alternative 

(Ayiti or Haiti), and suffered deliberately organized ostracism of its fledgling political 

state by the dominant, white, western world which perceived of and explained the 

nation’s difficulties as the inherent ineptitude and backwardness of people of African 

descent. In their individual works, Kadish (1995), Matthewson (1996), Geggus (2002), 

and Fischer (2004) provide evidence of global ostracism and racial condescension toward 

Haiti and its early leaders.  

3.) Haitiism encapsulates the struggle of the emerging nation to repay its ‘debt of freedom’ 

to France, yet being able to do so after 122 years of payments to become a debt free 

nation, it received no credit or commendation for this achievement and continued to be 

perceived as a pariah state made up of rebellious black men and women, marauders and 

murderers of whites, social misfits and poor rural people. Much of the evidence about 

reparations is provided through the works of Trouillot (1990), Farmer (1994), Hallward 

(2004), and Phillips (2009), while James (1963) and Geggus (2002) make important 

contributions on the global perception of the Haitian people throughout the early years 

after the revolution.  

4.) Haitiism legitimizes the series of political interventions and eventual occupation by the 

United States (1915-1934) in order to bring Christian civilization and provide 

governmental stability through US appointed leaders. The predominantly militaristic 

nature of the occupation however contributed to the undermining of the sovereignty of 
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the Haitian Republic and thwarted the development of democratic statehood. Indeed, the 

expectation of a Haitian democracy by the United States itself presented a bias in favor of 

this type of governance versus any other forms to which the social machinations of Haiti 

may have naturally evolved. The work of Schmidt (1995), Renda (2001), and Chomsky 

(2004) offer historical accounts which provide support of these arguments. 

5.) Haitiism clarifies US fears of a communist Haiti that gave rise to the era of Duvalierism; 

and the fear of and scapegoating of Haitians as ‘carriers of Aids’ during the AIDs 

epidemic of the 1980’s. Consequently, as the only high-risk group identified by 

nationality in the United States, Haitians lost jobs, friends, homes and the freedom to 

emigrate (Abbott, 1988; Farmer, 2006; Danticat, 2007; Kay, 2013).  

6.) Haitiism exposes the attitude towards Haitian boat people by US Coast Guards and US 

immigration from the 1970s to the 1990s; and the real or imagined anti-Haitian anxieties 

of the Dominican Republic towards people of Haitian descent, which according to Sagas 

(1994), Morfa (2011), and Gibson (2013), have gone on for several decades, 

unacknowledged and institutionalized into the fabric of domestic politics in the 

Dominican Republic. Alex Steppick (1982) provides very descriptive case studies and 

offers an in-depth assessment of the issues surrounding Haitian boat people in his paper 

titled ‘Haitian boat people: a study in the conflicting forces shaping US immigration 

policy.’   

7.) Haitiism defines the mistrust borne by western societies of Haitians to manage their own 

fiscal, social, and political affairs, thus plunging the territory into the post-Duvalier era 

overrun by western minded NGO’s whose impact has diminished internal autonomy, and 

devalued and undermined governmental obligations to citizens. Scholars such as 
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Trouillot (1990) Kristoff and Panarelli (2010), and Lee (2011) have argued that the 

strategies of practice by NGO’s working in Haiti have generated a vicious cycle that 

although able to solve many of the immediate logistical problems emerging during a 

crisis, ended up weakening or crippling Haiti's domestic institutions, or preventing the 

development of true grassroots development agencies.  

8.) Haitiism denotes the interconnection between social and environmental injustice; the 

former leading to the latter as a consequence of crisis response which minimizes or 

disregards long-tern environmental problems at the expense of short-term humanitarian 

fixes (Weintraub, 1995; Westra, 2009).  

9.) Haitiism illuminates the ideological biases that support the non-recognition, 

misdiagnosis, and misapplication of treatments for Haiti’s acute carbon crisis, resulting in 

the absence of an appropriate ‘environment rescue package’ designed to directly address 

the significant ecological degradation problems which have subjugated Haitians to 

perpetual levels of existential poverty (Guthrie & Shannon, 2004; Stewart, 2012; Smukler 

et al, 2012).  

Critical theory methodology provides an appropriate framework within which to explore 

the concept of Haitiism. Hindsight by critical examination provides an ally for identifying, 

illuminating, and tracing those social and global political conditions which created the decades-

long ecological decline and eventual environmental collapse observed in modern Haiti. The 

literature review conducted in Chapter Two on its political ecology presents research and 

historical data showing that ecological decline in Haiti was initiated by overexploitation of 

agricultural and forestry resources by Haiti’s colonial masters. This was followed by a series of 

cumulative effects that remained beyond the capacity, ability, and control of successive Haitian 
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governments which succumbing to external forces, were forced to make economic decisions at 

the expense of the overharvesting of its environmental resources.  

The following review addresses one of the most dominant perceptions of Haiti and 

Haitians. That is, that they are the singular causative agents of their demise, and deserve western 

sentimentalities purely on the basis that they are victims of their own circumstances, requiring 

external help to save themselves. 

3.4 Victim Blaming Theory: Challenging dominant perceptions of Haiti 

The concept of ‘victim blaming’ is applied as the lens through which aspects of the 

Haitian phenomenon of underdevelopment and environmental collapse is re-examined through a 

new perspective. The terminology was coined by William Ryan in his book ‘Blaming the victim’ 

in which he defined the concept as ‘the misplaced ideology used to justify racism and social 

injustice against people of African ancestry in the United States of America’ (Ryan, 1976). As 

later espoused by Jackson (2007), Victim Blaming Theory describes the practice of holding 

victims responsible for their misfortune, faulting individuals who have endured hardships or 

other adversities with either part or total responsibility for the event or circumstance (p.715).  

The impact of victim blaming has been further clarified in the context of domestic 

violence where Victim Blaming Theory is a recently emerging method of inquiry (Jackson, 

2007, p. xix). Making comparisons with the types of ‘victim blaming’ errors made during early 

intervention approaches in abusive relationships, it becomes easier to understand why there have 

been so many failures to adequately address Haiti’s problems, given that the country’s challenges 

are seen by many outsiders to be directly caused by Haitians themselves. Farmer (2006, p. 298) 

provides elucidation on this when he notes that victim blaming is perpetuated even under the 
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embrace of humanitarianism, because the ideology follows a particular pattern of thinking. 

Within this pattern of flawed thinking, the stigma that marks the victim is a fatal social flaw 

located within the ‘skin of the victim’, although it was acquired in the past from environmental 

forces. With this ideology borne in mind, the humanitarian can concentrate charitable interests 

on the acquired defects of the victim, legitimated by the necessity to change the poor person’s 

behavior and attitudes (Elderman, 1998, p. 132), while vaguely condemning the social and 

environmental factors that produced the inherent flaw in the first place. Thus, social action 

applied to the situation is justified, designed however to change the victim of society rather than 

to change society as a whole. This approach essentially anticipates no hope for future societal 

change because new individuals are born into society fully intact with the inherent social flaw 

identified in the previous generation, thereby perpetuating the circumstances.     

The consequence of a way of thinking that blames the victim inevitably diminishes 

opportunity for hope and repair. In other words, misplaced theories and concepts inevitably lead 

to epistemological distortions which if left unchecked, results in repeating cycles of misapplied 

solutions (Forsyth, 2003, p. 15). The legacy of misplaced responsibility builds mistrust in the 

ability of people to contribute to problem resolution, this being demonstrated through the 

misplaced solutions and types of practice applied by many multinational organizations operating 

in Haiti over several decades (Schuller, 2012, p. 9). At the highest level of practice, many 

multinational organizations avoid or are skeptical of any involvement with national government 

because there is a perception that this institution is always flawed and should take unconditional 

blame for every bit of societal ill (Schuller, 2007, p. 100). At the societal level, groups or classes 

of people involved in certain activities are categorized as destructive and hence should change 

their practices and conform to western behavioral norms (Edmonds, 2012, p. 6). Even at the 
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individual level there is an established tendency to blame the poor for their own poverty 

(Elderman, 1998, p. 132), producing an absence of confidence in poor people’s ability to manage 

their own affairs, so requiring only external managers whose too often brief periods of tenure 

strangles the perpetuation of programs and precludes institutional memory of failure or success.       

 The majority of scientific theses and media expositions on Haiti showcase the territory’s 

precipitous decline in socio-economic standards of living, and attribute this to the social 

conditioning of the Haitian and his/her self-created dependence on decreasing natural resources 

as the population increased, which in aggregate have created a nation of welfare recipients living 

in a state in which government has failed its people at all levels. Drawn from early writings 

which were infused by assumptions of inferiority in almost every aspect of Haitian existence, 

evidence of this type of reasoning - ranging from brief segments to entire sections - is observed 

in the writings of the National Academy of Public Administration (NAPA, 2006, p. 3), Dietrich 

(2011, p. 2), and Torgman (2013, p. 117). There is some degree of importance in noting that the 

high point from which the socio-economic decline is noted to begin – before the Haitian 

Revolution – occurred within a timeframe (1789-1804) when Haiti was the richest agricultural 

colony in the Americas, and the masses of people living in the territory were landless slaves who 

were almost all involved in intensive plantation agriculture. The notable irony is that the point of 

decline as noted by western scholarship began to occur when the masses became free, and 

smallholder agriculture began to emerge (circa 1809) in what Lundahl (2013, p. xvi) describes as 

[all of a sudden] a country unsuitable for agriculture.  

Even within the atmosphere of blame, an examination of the history of agricultural 

activity in Haiti as summarized in the works of James (1963), Crosby (2003), and Mann (2012) 
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reveal that the rigorous, widescale development of intensive plantation systems and hardwood 

harvesting was the initial trigger of the domino effect of ecological decline currently in evidence 

in modern Haiti. Geographic assessments (Wilson et al., 2001) confirm that the mountainous 

western one-third of Hispaniola occupied by Haiti is more environmentally fragile than the 

eastern two-thirds of the island (Dominican Republic) which was colonized by Spain. Bearing 

this in mind, much of the research on deforestation and desertification in Haiti conducted since 

the mid-1900s largely ignores the impact of pre-independent historical activities in both 

agriculture and logging; thus, the common error of omission is committed in blaming the 

environmental decline and eventual ecological collapse solely on the actions of the Haitian 

people.  

3.4.1 Blaming society 

The common theories on the causes of Haiti’s widespread poverty and ecological 

collapse have focused almost exclusively on the dominant assumption that the country’s (a) poor 

governance, its (b) contemporary dependence on charcoal and wood energy, (c) its geometric 

population growth, and (d) unsustainable agricultural and agro-forestry practices are the 

proximate factors (World Bank, 1998, pp. v-vi; Uchiyama, 2008, p. 16; UNEP, 2009, p. 1). 

While it is not debatable that these processes have contributed to the acceleration of Haiti’s 

modern ecological problems, they have occurred within and alongside a complexity of 

cumulative causation and effects that are economic, social, political, and environmental in the 

mechanisms through which they originated, and the structures that continue to reinforce their 

perpetuation.  
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Logan (1971, p. 396) provides sober contribution in noting that few nations began their 

transition to independence in the face of greater hardships than Haiti had to contend with. 

Among the hardships Haiti faced were the long and bloody war for independence and 

emancipation, infrastructural destruction as a consequence of war, and racial conflict between 

white, black, and mulatto populations resulting in the migration of people and capital. To 

compound these issues was the racial ostracism rendered upon the country by the dominant 

family of nations that included European powers as well as the United States which had only 

recently won its own independence from Britain. Considering the immense burdens imposed by 

these constraints, victim blaming seems an unconscionable treatment. 

Ryan’s use of ‘Victim Blaming’ as a tool for critical assessment cast aside the established 

theories which places the responsibility for social and environmental poverty squarely on the 

behaviors and cultural habits of the poor, rather than on the social structural factors under which 

they are forced to exist (Ryan, 1976, p. 11). Contextualized to Haiti, the way forward involves 

strategies that apply an ideological formula which avoids focusing on perceived flaws inherent in 

the people who are victimized by the circumstances of the society in which they live, but instead 

invests in the socio-environmental structure of society as a whole (Farmer, 2006, p. 298). It is 

therefore reasonable to conclude that in circumstances where people are emancipated by a new 

awareness that they are not to be blamed for precipitating the problems they face, there will be 

the creation of easier processes and transitions toward participative planning and collective 

action for the resolution of the problems being encountered. This situation provides social justice 

which delivers empowering effects on people’s lives. 
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3.5 Conclusive arguments 

Borrowing from the arguments used by Edward Said in the development of the concept 

of Orientalism, I have proposed the notion of Haitiism as a parallel concept to show that there 

have been gradual, cumulative, and deliberate biases against the country of Haiti since it wrestled 

its freedom away from France in 1804 to become a free black republic. Haitiism explains the 

perpetuated collective fear, blame, and discrimination which pervade every sphere of Haitian 

social existence from politics and culture to religion and health, and which dominated and 

informed the attitudes and ideological prescriptions toward the territory and its people since its 

inception.  

Among the most dominant attitudes toward Haiti is the assignment of direct blame to its 

government and people for the collapse of its ecological systems, this allegedly resulting from 

self-created pervasive poverty which induces an instinct to damage the environment. Victim 

Blaming Theory is applied as methodology within the framework of Critical Theory Research to 

nuance these assumptions and expose the misguided perceptions which continue to impact the 

country in a negative way. 

Exposing victim blaming as a common condition of praxis within research or 

humanitarian domains helps to develop conditions of trust and equality among provider and 

recipient, therefore establishing the means for more sober intervention strategies targeted to the 

Haitian people and their socio-ecological environment. By virtue of applying this type of 

analytical lens to the review of Haiti’s unfortunate history, this inquiry encourages other 

researchers to reorient the manner in which the poor in underdeveloped economies have been 

perceived as victims and contributors to their own demise. A new kind of thinking will 
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accommodate the reformulation of methodologies in development intervention that is essential 

for the liberation of both provider and recipient.  
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Chapter 4: Haiti’s declining carbon economy: The implicit crisis 

4.1 Introduction 

During colonialism, economic profit accumulated in Haiti from the agriculture and 

forestry sectors was exported to Europe to the detriment of the local economy. Although Haiti 

was the wealthiest European colony in the new world for almost every decade leading up to the 

end of the 1700’s, its local wealth was tied up in the vast capital stocks of human slaves who 

exacted heavy tolls on a delicate landscape to supply significant tonnage of agricultural products 

to the French. Given the factors of production being land, labor, capital, and entrepreneurship, it 

is understandable how Haiti’s resources of land and the merging of forced labor with the capital 

investments tied up in half a million slaves would have created cash profits that would be 

detrimentally lost to the Haitian economy once the French were driven out in 1804.  

As a direct consequence of the economic policies embedded in the mercantile system 

which dominated world economy during the colonial years, there was an absence of 

entrepreneurship in post-independent Haiti. This skillset which is required for management, 

negotiation and trade was not developed in the native slave population by the French colonialists, 

leaving a dearth of such ability in the newly liberated territory. The absence of entrepreneurship 

created one of several critical flaws which incapacitated western styled development in Haiti in 

the immediate aftermath of independence. Subsequently, both economic and social losses 

converged within an environment where the natural economy upon which a developing society 

depended had already been severely overharvested. This accumulation of unfortunate 

circumstances ushered in a reality which saw the engine of wealth becoming a cauldron of 
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natural, social and economic poverty in the largely non-monetized society of the newly free 

Haitian republic. 

As forests and farmlands continue to decline in modern Haiti, shortages of food, fuel, and 

water for irrigation are existing daily realities. Examinations of prevailing conditions in Haiti 

reveal that despite decades of military and humanitarian intervention in its internal affairs, both 

ecologic and economic resource degradation continue unchanged even while interdependent 

crises are converging simultaneously. Within macro-economics, the inherent biases in favor of 

perpetual economic growth have tended to relegate the importance of ecological viability below 

the status of money markets, so that environmental crises in Haiti have been confronted only in 

response to episodic events. There is however direct dependencies between ecological budgets 

and economic systems, to the extent that Haiti’s economy now demonstrates symptoms of 

stagnation and decline because natural habitats have exceeded their carrying capacity.  

4.2 Haiti’s carbon economy: An overview 

The dependence on carbon for food and energy creates a carbon economy that is central 

to the functioning of the world economy and consequently the global geopolitical system. In 

many developed economies, the coal industry is a nationwide carbon energy source that provides 

employment and human livelihoods for coalfield communities. Similarly, resource-poor regions 

of the world, such as parts of the petroleum rich Middle East, have seen sharp improvements in 

their market economies as global demand for petroleum rose during the last century, their carbon 

wealth converting over time into economic wealth. However with its growth, carbon has brought 

about higher pollution and global warming, the contemporary world reacting by attempting to 
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reach a future in which less carbon per capita (the carbon footprint) is used. This new direction 

has become known as the movement toward a low-carbon economy. 

Muller (2012, p. 3) establishes that national wealth and energy are strongly correlated. 

High national wealth has allowed the so-called first world nations to produce significant amounts 

of cheap foods, thus lowering or eliminating food poverty within their borders. An examination 

of the sharp rise in food production in developed nations since the years of the Green Revolution 

(early 1940s to late 1970s) indicates an inalienable congruence between the modern food 

production system and the use of fossil fuels to power the engines of the farm and to derive the 

pesticides and fertilizers necessary for food production (Karekezi et al., 2012, p. 174). A major 

difference between Haiti and the rest of the world is the extent to which Haiti relies on wood and 

charcoal as sources of domestic energy. Conceptual similarities between Haiti and the rest of the 

world do exist however in the congruence between energy and agriculture, as the two economic 

activities of charcoal production and subsistence farming in Haiti are interdependent, together 

deriving carbon from its stores within heavily depleted soils. 

Highly dependent on carbon resources for human sustenance, Haiti’s carbon wealth lies 

in its soils and plants. Data from the FAO (2004, p. 3) reveals that within the carbon cycle, the 

soil reservoir contains about three times more carbon than vegetation, and twice as much as that 

which is present in the atmosphere. Perturbations on the cycle happens when drawdowns occur 

in one or more reservoir, upsetting the carbon budgets as they naturally occur with the 

biogeochemical cycling of carbon between these three areas of storage. Figure 5 illustrates this 

relationship in terms of the actual amount of carbon in petagrams. One petagram is equivalent to 

1 gigatonne, 1 billion tonnes or 1 trillion kilograms. 
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Figure 5: Carbon reservoirs in the C-cycle 

 

 

Haitian scholar Paul Farmer and other actors within the International Center for Tropical 

Agriculture (ICTA) have made separate but similar recommendations that Haiti requires 

significant injections of investment in agricultural production systems that should be 

implemented in conjunction with the development of an energy sector which avoids further 

destruction of trees and soils (Farmer, 2011, p. 50; ICTA, 2011, p. 18). This advice is borne on 

the knowledge that both the food and energy crises in Haiti stem from a single point of origin 

enshrined in fundamental misapplications which have resulted in imminent or actual agro-

ecological collapse across vast swaths of the territory. Collapse appears to be imminent because 

Haiti is in danger of running out of the carbon stored in soil which is essential for the production 

of plants, and consequently the sustenance of dependent animal populations at every level of the 

food chain.  

Source: FAO, 2004 
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In its report on coffee production in Haiti, the ITCA (2011, p. 1) cites the work of Arias, 

Brearly, and Damais (2006) which estimated that Haiti loses 10,000 to 15,000 fertile hectares of 

land per year due to erosion caused by deforestation, charcoal production from forest trees, and 

land colonization for subsistence agriculture. Bargout and Raizada (2013) assess that by 1999, 

soil erosion in Haiti was estimated at 1,319 tonnes/km
2
/year (36 million tonnes) per year, a 

runaway amount compared to the United Kingdom with a loss of 9 tonnes/km
2
/year. Galeano 

(1997, p. 66-67) provides a summary account of the devastation of soils in the Caribbean by the 

monoculture production of sugarcane over four centuries, noting that in almost every island 

territory the soils became exhausted, but in Haiti’s case there has not been a recovery since its 

independence. Since 1804 there have been observably sharp decreases in the natural fertility of 

Haiti’s soils, reduced soil water retention, increased sedimentation of waterways, and freshwater 

and coastal eutrophication in lake systems and coastal shorelines respectively (ICTA 2011, p.1). 

Scherr and Sthapit (2009, p. 5) point out that at the global level, there is no intervention 

strategy for mitigating climate change and its associated injuries which can be implemented 

successfully or completely without addressing widespread carbon loss and emissions from the 

land use sectors of agriculture and forestry. Recognized as one of the most vulnerable countries 

in terms of climate change adaptation (Maplecroft, 2011), the need to address carbon loss is 

implicated within the Haitian context, carbon’s importance for ecosystem function and services 

being fundamental to the viability of human production systems.  

Stanford University conservation biologist Gretchen Daily popularized the concept of 

ecosystem services in 1997 (Daily 1997), her brief discourse clearly indicating the level of 

incapacity exhibited by societies such as Haiti to compensate  for massive depletion of 

fundamental natural resources including productive agricultural and forest lands, and 
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biodiversity. Daily (1997, p. 3) defines ecosystem services as the ‘conditions and processes 

through which natural ecosystems, and the species that make them up, sustains and fulfills 

human life.’ 

With a high degree of direct dependency upon the land for their daily sustenance for food 

and energy, any level of failure in the functionality of ecosystems creates an equally 

commensurate degree of susceptibility for dependent human populations. Mainka and McNeely 

(2011, p. 1) note that ecosystem services encompass a broad range of functions, from the 

tangible provision of clean air, medicine, water and food that are considered to be the necessities 

of life, to the often less observed processes that ensures crop pollination, waste decomposition, 

control of noxious pests and diseases, and the regulation of extreme natural events. Because 

ecosystem services are available without people necessarily being conscious of the many and 

complex processes involved in their production and delivery, the functions are inadvertently 

damaged by the actions of humans. The tragedy of these actions is enveloped in the suggestion 

by Daily (1997, p. 5) that humans do not presently possess the knowledge or the ability to 

develop substitutes for the functions provided by ecosystems, leaving us with no option but to 

focus on ecological restitution as the most sober response to predicaments faced by societies 

such as Haiti.      

4.2.1 The predominant roles of charcoal and soil erosion in Haiti’s broken carbon cycle 

Daily (1997, p. 5) states that ecosystem services are a complex of natural cycles driven 

by solar energy and operating on various scales. These scales include the biogeochemical cycles 

which are responsible for global movement of the elements such as carbon through the living and 

physical environment, from the top of the atmosphere down to the horizons of soil where 
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protozoan, fungal, algal and bacterial life cycles take place in order to support higher order life. 

In the paper ‘Carbon cycling in Earth systems’, Jenzen (2004, p. 399) notes that the carbon cycle 

binds together Earth’s ecosystems and their inhabitants. This statement highlights the importance 

of carbon for sustaining the processes of life and those factors upon which life depends. In light 

of its importance on both local and global scales, it has become clear from the perspective of  

science that the carbon cycle should be buffered against climatological and biogeochemical 

perturbations from anthropogenic sources.  

The element carbon, which is the basis upon which life exists on Earth, is constantly 

being cycled between and through the atmosphere, biosphere and lithosphere. These ‘spheres’ or 

‘Earth Systems’ may be perceived as a series of reservoirs that are connected by exchange fluxes 

of carbon (Schlesinger, 1997, p. 367), where the fluxes or rate of movement can be distinguished 

into two principal domains – a fast and a slow domain. The fast domain is characterized by large 

exchange fluxes and relatively rapid reservoir turnovers of carbon between the atmosphere and 

biosphere, affecting carbon in the ocean, on land, carbon in living vegetation, soils, and 

freshwater ecosystems. The reservoir turnover times of carbon in the fast domain range from a 

few years for the atmosphere, to decades for major carbon reservoirs in terrestrial vegetation, in 

soil, and in the ocean. The slow domain consists of large stores of carbon in rocks and sediments 

in Earth’s terrestrial sphere, and it exchanges carbon with the fast domain through volcanic 

emissions of carbon dioxide, through rock weathering, erosion, and sediment formation on the 

sea floor. The geological turnover times of the reservoirs in the slow domain are 10,000 years or 

longer, which when compared to the incredibly faster time scales of anthropogenic interference 

with the global carbon cycle, the slow domain can be assumed to naturally be at steady state 

(IPCC, 2013, p. 470). 
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The burning of wood and other fuels from vegetation generates carbon dioxide (CO2).  

When, however, the carbon released is from recently photosynthesized atmospheric CO2, derived 

from natural forest systems, the overall effect is one of re-cycling CO2 rather than an 

introduction   of new, previously dormant carbon into active biogeochemical cycling between the 

Earth’s spheres. The benefits of CO2 recycling are steeply diminished or negated when more net 

primary products are removed than concurrently produced through photosynthesis, as the end 

result is a reduction in the amount of carbon stored in terrestrial ecosystems (Janzen, 2004, p. 

407). Net Primary Productivity (NPP) is defined by Scurlock et al. (1999, p. 913) as the net flux 

of carbon from the atmosphere into green plants per unit time. In this regard, NPP directly refers 

to a metric of rate, quantifying the amount of plant matter produced on a daily, weekly, or yearly 

basis in a given area.  

Whether measuring the rate at which photosynthesis occurs or the rate at which 

individual plants increase in biomass, one is concerned with primary production (Common & 

Stagl, 2005, p. 82). The central idea is that new plant tissues are produced, and over time, 

primary production results in the addition of new plant biomass to the ecological system. In the 

food web, consumers derive their energy from the consumption of primary producers either 

directly (in the case of herbivores), or indirectly (in the case of predators), making NPP an 

integral ecological process that provides valuable life-sustaining ecosystem services. These 

factors also make NPP an important functional component of the carbon cycle. 

High per capita dependence on fuelwood and the ever-increasing demand for charcoal 

have been cited by several researchers and commentators as the main contributor to intense 

deforestation activities in Haiti. To the extent that 9 million Haitians depend upon charcoal as a 

major cooking fuel, this commodity has become a significant cash crop, the daily demand for 
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which continues to drive mass deforestation (Farmer, 2011, p. 226). With the fixed carbon 

content of charcoal ranging from a low of 50% to a high of 95% (FAO, 1987), charcoal consists 

mainly of carbon, which when burned as a fuel releases the carbon previously sequestered in 

biomass back to the atmosphere. At the heart of these net annual losses is accelerated reduction 

of carbon stores within the fast domain, a destabilizing effect with damaging impacts on the 

territory’s capacity to provide important ecological services.  

As previously determined in this study, both pre and post-independence agricultural and 

forestry activities contributed to deforestation and land degradation in Haiti, with the 

accumulation of impacts leading to a current annual deforestation rate of 5.7%  (World Bank, 

2009, p. 4; McClintock, 2003, p. 4). The impacts of deforestation upon the forestry and land-use 

sectors have made them collectively responsible for 86% of all CO2 emissions in Haiti, this 

environmental trauma occurring alongside severe depletion of fertile topsoil at a rate of 3 cm (1.2 

inches) per year (World Bank 2009, p. 4). According to Scherr and Sthapit (2009, p. 9), 

deforestation and de-vegetation release carbon through the decay of plant matter, and soils 

exposed to wind and rain become prone to erosion. Agricultural exploitation of the land 

subsequently exacerbates soil exposure and erosion, the exposed soil carbon present in parent 

rock and mineral subsurface becoming oxidized by the atmosphere to release CO2 from 

terrestrial stores. This net release of carbon gas in turn affects carbon stores in the relatively 

stable domain of soil. Figure 6 illustrates these relationships. 
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Figure 6: Haiti’s carbon stores – conceptual states 

 

Bargout and Raizada (2013) recognize three preexisting biophysical factors that 

contribute to soil erosion in Haiti. These are (i) topography, (ii) a bimodal rainfall pattern, and 

(iii) soil type. Expounding on the topographical constraints, the authors noted that almost 75% of 

the Haitian terrain can be characterized as mountainous, with more than 60% of the land having 

a slope gradient exceeding 20%. While the evidence suggests that predisposing biophysical 

factors existing in pre-Columbian Haiti made the territory susceptible to ecological instability, 

this has been exacerbated by an overlapping complexity of recent anthropogenic perturbations 

that have broken the ecological cycles essential for primary productivity.  
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Haiti’s tropical climate experiences two rainy seasons which are interspersed with 

periods of drought each year. Considering the mountainous and steep terrain present in Haiti, this 

pattern of rainfall facilitates soil erosion by wind during droughts and by floodwater during 

torrential rain events. Soil type further compounds the aforementioned biophysical factors at play 

in the Haitian environment. Haiti’s parent soil types have been shown to be susceptible to 

erosion pressures by virtue of their pedogenesis. Bargout and Raizada (2013) note that Haitian 

soils are newly formed shallow and sandy soils that make them susceptible to the leaching of 

water-soluble nutrients, the low native fertility requiring additional nutrients to support 

successful crop production.  

Exposed to these natural pressures, the rate of soil erosion exceeds the rate of soil 

formation, highlighting the fact that the soils of Haiti are intrinsically fragile. White and Jickling 

(1995) explain that severe soil erosion has been observed in Haiti since the colonial period when 

clean-cultivation such as scraping weeds between plants, and pre-till field burning, were 

commonly practiced field preparation methods even on steep slopes. Compounded by 

anthropogenic forces, erosion has posed the most severe problem for these susceptible parent 

soils across the territory for more than 300 years, and these factors have exerted the most 

significant perturbation on the biogeochemical cycling of carbon through storage reservoirs in 

Haiti.  

 

          Biophysical Factors             +         Anthropogenic Factors       =       Carbon Loss       

   

 

 Topography 
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 Bimodal Rainfall 

 Historical Deforestation 
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 Charcoal Production 

 Runaway Soil Erosion                      

 Loss of NPP 

 

Source: Bargout and Raizada (2013) 

Figure 7: The implicit crises of Haiti 
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4.3 Ecological benefits of soil 

As the largest pool of terrestrial organic carbon (Jobbagy & Jackson, 2000, p. 423) soils 

in both upland and wetland systems contain a layer of organic matter.  On dry land, this organic 

layer is known as humus.  In wetlands and permanent aquatic systems, it is described as 

sediment, muck or sludge. The chemical conversion and physical transfer of essential nutrients to 

higher plants and all larger organisms, including humans, are regulated through soils ecosystems, 

which in turn are maintained by cycles that have operated for millennia (Daily, 1997, p. 6). The 

movement and exchange of organic and inorganic elements back and forth for the production of 

living matter explains ecological recycling as a whole, while the cycling of individual elements 

and certain compounds between living organisms is referred to as nutrient cycling. Ecosystems 

recycle matter locally, converting available mineral nutrients into the production of biomass or 

organic matter (Schlesinger, 1997, p.219).   

Carbon is added to soils through the major pathway provided by leaf litter and biomass 

decomposition, the rates of decomposition being controlled by factors such as litter and biomass 

quality, aggregate composition of soil faunal and microbial communities, weather conditions, 

and climate. The manner in which fast organic matter in soils can be built up and lost is therefore 

critical to essential life processes including the net effect on atmospheric CO2 concentration, 

primary productivity by plant biomass, and sustenance of the microbial soil functions upon 

which ecosystem services for human survival depends (Trumbore & Czimczik, 2008, p. 1455).  

In general, soil refers to the loose surface of the earth as distinguished from solid rock, 

but in terms of its scientific value, soil is defined as component mixtures of approximately 5% 

organic matter, 45% mineral matter, 25% water, and 25% air (Foth & Turk, 1972, p. 2). The 
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physical and chemical properties of soils are determined by the key functions provided through 

soil organisms which circulate matter in every system on Earth. Proportions of the major 

components of soil vary by soil type, by place, and from time to time, but as Daily (1997, p. 4) 

reveals,  just 1 gram of soil contains a staggering number of living microscopic organisms; 

400,000 fungi, 50,000 algae, 30,000 protozoa and billions of individual bacteria. Within a square 

yard of soil there is also an abundance of macroscopic soil organisms including thousands of 

earthworms, roundworms, mites and insects, all involved with organic matter decomposition and 

the production of soil organic matter (SOM) from which most of the nutrients of land plants are 

supplied (Schlesinger, 1997, p. 189).  

In soils such as peat or muck, a greater volume is occupied by organic matter than by 

mineral matter. Where the surface layer of certain soils attain reasonable thickness and assumes a 

darkened color because of organic matter build-up, an A horizon comes into existence making 

this upper zone higher in organic than mineral volume. As noted by Foth and Turk (1972, p. 2), 

the volume of air and water in soil bears a direct and reciprocal relationship with each other. 

With entrance of water into the soil, air is forced out, and as water is drained out by evaporation 

and by the growth of plant roots or other processes, pore spaces become filled with air once 

again. 

The various properties of soil are largely due to what Foth and Turk (1972, p. 5) 

describes as the integrated effects of climate and living matter, such as plants and animals acting 

upon parent matter material within a particular landscape over time. The science and study of the 

processes resulting in the formation of soil is known as pedology. The exploration into 

pedogenesis (soil formation) was first conducted by the Russian geologist Vasily Dokuchaev 

who determined that soil is formed over time as a consequence of the interaction of several 
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biogeochemical processes including those relating to climatic, mineral and biological factors 

(Bockheim et al., 2005, p. 26). Dokuchaev demonstrated the relationship between these 

biogeochemical factors using the soil forming equation: 

Soil = f(C, PM, O) × time [where f = factors or variables, C = climate, PM = parent material, O 

= biological processes] 

Dokuchaev’s equation was expanded upon by Hans Jenny (1994) who added 

‘relief/topology’ as a factor of soil formation. Jenny also separated the biological processes into 

fauna and flora, coming up with the adjusted equation:  

Soil = f(C, PM, R, O, V) × time, [where f = factors or variables, C = climate, PM = parent 

material, R = relief/topology, O = fauna, V = flora]. 

Recognizing that soil formation consisted of geologic and biochemical processes, Jenny 

(1994, p. 16) resorted to analogies with simpler systems, describing the biogeochemical 

processes as independent variables or soil forming factors. Thus, a simpler, more fundamental 

equation of soil forming factors was suggested, indicating that soil is the product of 

biogeochemical processes on the land surface over time. 

S=f(Cl, O, R, P, T), where [f = factors or variables, Cl = climate, O = organisms, R= 

topography, P = parent material, T = time]. 

The effects of soil formation may become undone by natural or manmade processes that 

disturb the factors of pedogenesis identified and defined by both Dokuchaev and Jenny. 

Perturbations on weather and climate, erosion of organic matter due to exposure of bare ground 

from tree removal or mechanical disturbance of parent material all result in soil loss. Soil loss 
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removes clay, fine sand, silt and essential soil organic matter (SOM) from disturbed areas, 

wearing away the ingredients that support the life of the autotrophic organisms which form the 

base level nutritional stores of the trophic hierarchy within the food web. Autotrophic organisms 

are represented in the equations of both Dorkuchaev and Jenny and are essential soil forming 

actors, comprising what Foth and Turk (1972, p. 98), and Daily (1997, p. 4) list as bacteria, 

protozoa, fungi, algae, actinomycetes, along with several groups of microscopic and macroscopic 

animals. 

The pools of organic matter and inorganic minerals naturally held in soil are several times 

greater than in the above ground vegetation which the soil supports (Eswaran et al., 1992, p. 

192). Terrestrial vegetation and soils collectively form a nutrient sink that supports a favorable 

environment for net primary productivity. Subsequently, much of the nutrients needed for life are 

stored on land, the majority held in the thin band of humus within the organic or ‘O’ horizon and 

in the ‘A’ and ‘B’ horizons just below. Made available by a complex and varied group of soil 

dwelling organisms, plants obtain nutrients from the upper horizons of the soil and utilize these 

elements for the synthesis of biochemical materials essential for metabolism.  

Animals may eat plants and each other and synthesize new proteins, but the building 

blocks of life are the amino acids originally synthesized in plants (Chesworth et al, 1998, p. 279). 

The interdependent relationships between soils, plants, and animals within ecosystems become 

destabilized by actions including natural and anthropogenic erosion and unsustainable 

drawdowns on biomass for food and energy. The resulting depletion or unavailability of 

important nutrients place critical constraints on life-giving processes in terrestrial ecosystems 

(Foth & Turk, 1972, p. 274; Jobbagy & Jackson, 2004, p. 2380). 
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Large-scale removal or disturbance of the primary producers in the soil causes the trophic 

hierarchy to essentially topple, disabling the entire ecological balance between soils, soil 

ecosystems and macroscopic plants. In natural systems, soil therefore plays the most crucial role 

in the creation and development of the ecological platform upon which the primary producers are 

formed, and the medium within which they develop the functions that life depends upon. 

Consequently the function and sustainability of all terrestrial ecosystems rely on soil formation 

and soil ecosystem maintenance in order for trophic relationships to be developed, so that higher 

level consumers including the human species may harvest life-giving resources from nature.  

4.4 Haiti’s pedogenic soil groups and their inherent susceptibility to erosion 

Based on its assessments of global soils, the Harmonized World Soil Database (HWSD) 

categorized the parent soil groups of Haiti as Vertisols, Cambisols, Lixisols, and Luvisols. 

Largely aimed at accomplishing global soil categorization, the HWSD (2012) was developed 

through collaboration between the Food and Agriculture Organization of the United Nations 

(FAO) and the International Institute for Applied Systems Analysis (IIASA). There are several 

methods by which soil may be classified, and this makes the process very dynamic. Soils are 

often grouped according to their fitness for a specific use and their edaphic characteristics such 

as drainage, texture, and chemical properties such as pH. Edaphic properties are also used to 

characterize soil organisms and plant communities, specifying their relationships with the 

particular soil (Mann et al., 1999, p. 525). Categorization of soil can be approached from the 

perspectives of soil as a material, soil as a resource, and in the case of the approach used by the 

HWSD, it may be based on soil genesis, hence a pedogenic classification. Figure 8 shows the 

general location and distribution of the four soil groups in Haiti. 
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Figure 8: The Major Soil Groups of Haiti 

                                          

                                Source: Harmonized World Soil Database (2012).  

1. Vertisols 

Vertisols are soils that are typically formed from rocks such as basalt that are highly 

alkaline in nature. Vertisols occur in climates that are seasonally humid or subject to erratic 

droughts and floods, generally in areas with slopes not exceeding a 5% gradient. The clay 

content is very high in Vertisols and the dominant clay minerals are smectites and 

montmorillonites which have the outstanding feature to expand or swell when wet, and to shrink 

when dry. Consequently, pronounced changes occur in Vertisol clay soils with changes in soil 

moisture - deep cracks occurring in the dry season, and sticky soil consistency predominating in 

wet conditions. This behavior makes rain-fed farming very difficult because Vertisols can be 

worked only under a very narrow range of moisture conditions.  

Due to the high clay content of Vertisols the cation exchange capacity (CEC) is high 

(Grunwald, 2013). Since the CEC is a property essential for nutrient exchange from soils to 

plants, loss of this important function due to erosion predisposes plant nutrient starvation and 

leads to desertification.  

 

Vertisols (VR, blue) 

Cambisols (CM, green) 

Lixisols (LX, dark brown) 

Luvisols (LV, light brown) 

http://en.wikipedia.org/wiki/Droughts
http://en.wikipedia.org/wiki/Floods
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2. Cambisols 

Cambisols are considered to be embryonic soils, occurring in terrain that permits surficial 

discharge of excess water. Most Cambisols have a neutral to weakly acid soil reaction, a 

satisfactory chemical fertility and an active soil fauna, but Cambisols in the humid tropics are 

poor in nutrients. Cambisols on steep slopes are best kept under forest cover, which is 

particularly important in highlands environments common in parts of Haiti. Cambisols in the 

tropics are found in erosion areas where they form after genetically mature soils such as Luvisols 

have eroded away (FAO, 2001a). As the predominant soil group in the Haitian landscape, 

forested Cambisols have been extensively eroded in Haiti.  

3. Lixisols 

Lixisols are considered to be strongly weathered soils with low levels of available 

nutrients and low nutrient reserves. Owing to the low structural stability and moderate chemical 

fertility, the conservation of surface soil and soil organic matter (SOM) is of primary concern in 

Lixisol soils. Assessments conducted by the FAO (2001a) determine that the low absolute level 

of plant nutrients and the low cation retention by Lixisols make recurrent inputs of fertilizers and 

lime application a precondition for continuous cultivation, this being an expensive proposition in 

developing countries. Given this consideration, the FAO (2001b, p. 181) recommends that 

perennial crops are to be preferred over annual crops in areas where Lixisols exists, particularly 

on sloping land. A fair amount of Haiti’s topography is covered by Lixisols, although to a lesser 

extent than Cambisols.  
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4. Luvisols 

Luvisols are dominated by a mixed mineralogy which shows up as textural differentiation 

within the soil profile. The surface horizon of Luvisols is depleted of clay, although clay is 

accumulated in a subsurface horizon referred to as the Argic Horizon (FAO, 2001a). Luvisols 

form on flat or gently sloping landscapes under climatic regimes that range from cool temperate 

to warm tropical, and with high nutrient content and good drainage, these parent soils are 

suitable for the production of a wide range of agricultural crops (Encyclopedia Britannica, 2014). 

However, with suitability comes high usage, which increases erosion and runoff pressures.  

For all of Haiti’s parent soils including Luvisols, the magnitude of runoff and transport of 

soil particles depend on a multitude of factors and interactions which include the type of crops 

propagated, tillage techniques practiced, condition of the soil, and subsurface bedrock (Joseph, 

2013, p. 5). Within the mix of complex issues that Haitian farmers must contemplate, important 

factors such as the intensity of rainfall and the gradient and length of slopes are among the most 

important biophysical issues that require attention where Luvisols are common. 

4.4.1 The state of Haiti’s soil horizons  

Soil horizons are layers of soil, approximately parallel to the surface and having distinct 

characteristics produced by soil forming processes. The presence of horizons in all genetically 

developed soil indicates that there are commonalities in the development of all soils that are 

responsible for the creation of two or more master horizons. Horizons are given letter 

designations. The uppermost organic rich layer of soil which is referred to as the ‘O’ or Organic 

horizon is generally comprised of both fresh and partly decomposed organic material often 
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associated with the vegetation growing atop it. This may include leaves, needles, twigs or lichen 

which accumulated on the surface over time (FAO, 1998).  

Below the O horizon is the A horizon, a layer characterized by an accumulation of 

humified organic matter intimately mixed with the mineral fraction from the layer below. In turn, 

this lower layer is known as the B horizon and usually comprises illuvial concentrations of 

humus, silicates, clay, aluminum, or iron. Below the B horizon is the C horizon, a layer which is 

mostly unaffected by pedogenic processes and lacking the properties that are diagnostic of the O, 

A, and B horizons. At the base of these horizon layers is the R horizon which is comprised of 

underlying consolidated bedrock that may be limestone, granite, or sandstone (Foth & Turk, 

1972, p. 204).  

Research conducted by Paskett and Philoctete (1990, p. 458) in the South East region of 

Haiti where Cambisols are extensive, revealed that more than 60% of soils were deeply eroded 

down to the B horizon, and 20% to the C horizon. Soils in the mountainous regions of the 

territory are considerable thin and quickly lose fertility when cultivated. Although the alluvial 

soils of the plains and valleys of Haiti are fertile, they are over-cultivated due to high human 

population densities which place ever increasing pressures on the land for both food and biomass 

energy (McClintock, 2003, p. 3). According to its assessment of Haiti’s soil economy, the 

Encyclopaedia Britannica (2014) states that by the turn of the millennium (year 2000) one-third 

of Haiti’s soils may have already eroded beyond the point of recovery. To dramatically illustrate 

this point, Figure 9 illustrates a comparison between the normal and eroded soil profiles of Haiti. 

In the first diagram on the left, erosion pressures are moderate to non-existent, while the second 

diagram on the right illustrates the general condition of Haiti’s soil horizons as they currently 

exist, having succumbed to extreme erosion pressures.  
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Figure 9: Soil Horizon Profiles 

 

 

 

 

4.4.2 The phenomenon of accretion and buried soils on horizon states in Haiti 

The extensive nature of soil erosion and accompanying forest decline in most of Haiti’s 

mountainous terrain is easily observable from both air and land. Observably, the most significant 

loss of upper soil horizons occurs on mountain slopes, and with fewer trees to decrease erosion 

pressures, B horizon subsoil and weathered bedrock eventually slides downwards during acute 

weather events. Naturally, the first waves of topsoil eroded from mountain slopes provide 

immediate benefits to valley ecosystems through the increased availability of nutrients for plant 

growth. However, based on personal observations in areas outside the Artibonite Valley, near the 

Sources: Annenberg Learner, 2014; Montgomery, 2008. 

Normal Soil Profile Depiction of Eroded State of Haiti’s Soil Profiles 
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city of Gonaives, and in the region near the village of Gros-Morne in northeastern Haiti, eroded 

subsoil and weathered particles of bedrock accumulate over time to form deep layers over 

lowland soil horizons, making the buried fertile O and A horizon soils inaccessible to plant roots. 

This build up or accretion of eroded materials operates counter to erosion but causes similar 

desert conditions which render the landscape unsuitable for crop production. Consequently, 

waves of erosion truncates soil horizons on Haiti’s mountains, hillsides, and slopes transferring 

infertility to valley ecology by the deposition of mineral rock-based layers upon previously more 

fertile surface soil horizons.   

                                Photo 1: Eroded, treeless mountaintops in western Haiti 
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Despite continually low crop performance, a disproportionate amount of steep hillsides 

will continue to be used by Haitians for agricultural production (Pellek, 1992, p. 141). This will 

happen increasingly in the future because of increasing populations, a relatively high dependence 

Photo 2: Erosion on hillsides above the city 

of Gonaives 

Photo 3: Eroded hillside above the 

Artibonite Valley 

Photo 4: Close-up of roadbank soil profile 

outside Gonaives showing eroded rocks 

matching those from hillsides above, forming a 

24 inch layer atop original O and A horizons 

Photo 5: Roadside soil profile in river 

valley near Gros-Morne, showing buried 

historical O and A horizons 



Running Head: ADVANCING AN INTEGRATED FOOD ENERGY SYSTEM IN HAITI    100 
 

on agriculture for livelihood, increasing land scarcity, and the shrinking size and availability of 

arable land for food production.  As shown in photos 4 and 5, the less discussed phenomenon of 

vertical soil accretion resulting from sedimentation also play a role in diminishing the 

availability of previously fertile soils in the plains. According to Wilson (2000) as cited by the 

Soil Analysis Support System for Archaeology (2007), this type of recent soil modification by 

burial of old land surface isolates it from the atmosphere and effectively halts further soil 

formation, thus terminating the beneficial effects of later pedogenic processes.  

The determination that the dark soils observed in photos 4 and 5 are a buried soil horizon 

was made with the use of the checklist in the SASSA Field Interpretation Tool (SASSA, 2007). 

The tool uses a series of questions on factors such as organic matter types, soil structure, 

boundary thickness, presence of crystals and coatings to help in determining the existence of 

buried horizons. The diagnosis also draws upon the work of Galbraith (2014) who states that in 

general, most buried soils are located in flood plain regions. According to Galbraith’s suggestion 

wherever buried horizons occur, the covering soil mantle should measure 50 cm (19 inches) or 

more in thickness before the buried horizons can be declared a buried soil (Galbraith, 2014, 

slides 4 and 9). Both these criteria - presence of the buried horizon in a flood plain and the 

required thickness of the covering mantle - were found to exist in the area examined and depicted 

in the photographs.   

Buried soils are differentiated from Argic soil horizons common in Luvisol parent soils 

by the presence of coarse soil matter in the covering layer, which would allow clay to be washed 

down to the subsurface horizon over time. Additionally, the courser textured horizon overlying 

the Argic horizon must be 5 cm thick if the textured transition to the Argic horizon is abrupt 

(FAO, 2001 a), and this is not observed in photos 4 and 5 where the nature of the overlying 
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material is of equally fine texture as the buried horizon itself. The presence of large rocks - 

washed down from the mountains above - in the overlying layer provides further indication that 

the overlying material was not part of the natural process of pedogenesis that created the buried 

horizon. 

Since plant roots, other organic materials and soil organisms develop their soil ecology 

from the surface downwards (FAO, 2003, p. 40), the impact of repeated sedimentation unwinds 

the process of pedogenesis by stifling the essential cycles of soil ecology previously in motion. 

In this manner, the process of accretion and soil burial have contributed to reductions in net 

primary productivity in Haiti, the effects of which are felt even in flat irrigated areas where food 

and fuel production should naturally be at their highest levels.       

Figure 10: Broader anthropogenic crises of Haiti  

          Biophysical Factors             +         Anthropogenic Factors       =       Carbon Loss       

   

 

 

4.5 The biogeochemical cycles and trophic relationships 

Approximately 1% of the solar energy which the Earth’s surface receives is transformed 

into biomass, making this energy source quantitatively trivial but qualitatively important in that it 

represents the absorbed and biologically fixed energy responsible for subsidizing all ecological 

processes, and thus all the crucial biological cycles on the Earth (Cotgreave & Forseth, 2002, p. 

208). The flow of energy in and between ecosystems drives the movement of nutrients as 
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organisms exchange organic materials. Nutrients are chemical elements and compounds which 

are fixed by forces of energy into plant tissue in the form of organic molecules. These nutrients 

are cycled through the ecosystem, oscillating between the biotic and abiotic components in an 

integration of biological, geological, and chemical cycles that make up the biogeochemical 

cycles (Cotgreave & Forseth, p. 204). 

Table 1: Major Elements in Earth’s Biogeochemical Cycles 

 

            

 

Carbon molecules are intrinsic to biogeochemistry and thus crucial to life on Earth. 

Carbon is the main component of biological compounds, and combined with other elements is 

also a major component of many minerals (Lal, 2008, p. 88). The uptake of carbon in the 

terrestrial biosphere is dependent on biotic factors supported by thermodynamic laws that control 

the movement and fluxes of energy. As part of the crucial cycle of carbon based materials, 

autotrophic organisms (green plants and algae) extract carbon from the air in the form of carbon 

dioxide through the process of photosynthesis, converting the element into organic carbon 

compounds such as carbohydrates, fats and proteins. Heterotrophic organisms (animals and 

fungi) receive these essential organic carbon molecules by consuming autotrophic organisms 

(Chesworth et al, 1998, p. 193). 

Element Atomic 

number 

Abundance on 

Earth  

Abundance in 

animals 

% Rank % Rank 

Hydrogen (H) 1 0.87 9
th
  10 3

rd
  

Carbon (C) 6 0.08 14
th
  18 2

nd
  

Nitrogen (N) 7 0.03 16
th
  3 4

th
  

Oxygen (O) 8 49.2 1
st
  65 1

st
  

Phosphorus (P) 15 0.11 12
th
  1 6

th
  

Sulfur (S) 16 0.06 15
th
  0.26 9

th
  

Sources: Schlesinger, 1997; Agren & Bosatta, 1996. 
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As discussed earlier, energy enters earth’s ecosystems as solar radiation which is used by 

plants during photosynthesis to synthesize organic molecules (such as carbohydrates and sugars) 

from inorganic molecules (such as water and carbon dioxide). Carbohydrates and sugars are 

essentially the energy fixed into plant tissue, and forms of these energy sources are then used to 

synthesize a wide array of biogeochemicals through metabolic processes occurring within plant 

tissues (Nisbet et al., 2000, p. 914). Photosynthesis transfers CO2 into the biotic pool, which then 

transfers carbon into the soil carbon pool through the soil making process of humification as 

plant biomass decays. This process which then results in the formation of secondary carbonates 

delivers numerous crucial ancillary benefits by the enhancement of ecosystem functions and 

services (Wisniewski et al., 1993, p. 2). Since carbon is the main component of biological 

compounds, its limit within an ecosystem places severe constraints on the biogeochemical cycles 

necessary for life and livelihoods. 

The critical ecosystems services transcending food, fiber and energy are dependent upon 

basic nutrient molecules derived from soils. The success of animal life within an ecosystem is 

highly correlated to the productive capacity of the ecosystem, as amino acids needed to build 

animal proteins come from autotrophic plant life (Aresta, 2010, p. 47). This means that in order 

for humans to thrive they depend upon the capacity for organic matter and nutrients to flow 

unimpeded to the primary producers at the base of the trophic hierarchy within the complex 

connectivity of the food web. Figure 11 illustrates the normal trophic relationships producer and 

consumer organisms within functional natural ecological systems. 
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Figure 11: Normal Trophic Relationships 

 

 

As depicted in Figure 11, in order for an ecosystem to support growth in population size 

or increased consumption in 1
st
 and 2

nd
 level consumers (where higher animals and humans 

exist), there is the requirement for a higher inflow of essential nutrients or increases in the 

amounts of basic elements necessary for the synthesis of those nutrients. This hierarchy forms 

the basis of a science that humans have applied to agriculture so efficiently that it has led to 

unprecedented increases in global populations as well as the populations of crops and animals 

depended upon for food, energy, and fiber. Figure 11 shows that within a trophic hierarchy, each 

trophic level is related to the level below it by absorbing some of the energy it consumes, thus 

creating an energy or biomass pyramid.  

In an ecosystem, the level of efficiency with which energy moves up the pyramid is 

referred to as the ecological efficiency of the system (Argawal & Gopal, 2013, p. 60). Since a 

tropic energy relationship cannot be inverted (Wang et al., 2009, p. 1376; Cotgreave & Forseth, 

2002, p. 197), and given the effects of the second law of thermodynamics, that is, the law of 

degradation of energy (Odum & Odum, 1976, p. 38), it is reasonable to conclude that 

Sources: Cotgreave & Forseth, 2002. 
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environments such as Haiti which suffer from depleted ecosystems services are essentially 

impoverished due to the absence or incapacities of energy flows required to build and sustain soil 

biota and trophic biodiversity. This is because these functions represent the basic building blocks 

for the net primary productivity (NPP) that drives the ecological efficiencies within sustainable 

ecosystems.  

4.6 Four anthropogenic factors of trophic distortion 

Human biology has fundamental needs for water, food, shelter, clean air, and relative 

climatic constancy, and these essential life-support characteristics are provided by ecosystems 

(WHO, 2005, p. 1). The combination of biogeochemical processes at the ecosystem scale gives 

rise to the global cycling of elements that maintains and perpetuates life. Human ‘thrivability’ is 

therefore highly dependent upon organic matter and nutrient flows to autotrophic organisms 

which form the base of the trophic hierarchy.  

Schlesinger (1997), and also Szyrmer and Ulanowitz (1987) provide an important 

analysis of the manner in which elements and molecules are gained and lost - referred to as 

fluxes - in ecosystems. These fluxes can be expressed in terms of ecosystem budgets which show 

the loss/gain, or input/output, relationships (Schlesinger, 1997, p. 215; Szyrmer & Ulanowitz, 

1987, p. 135). When fluxes are balanced, the ecosystem is said to be in steady state. This can be 

represented as:  

Inputs = Outputs (Steady State) 

When inputs are greater than outputs, matter naturally accumulates in compartmental 

structures of ecosystems, creating a net sink or storage. This can be expressed as:  
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Inputs > Outputs = Storage (Sink) 

When the reverse occurs and outputs from the ecosystem is greater than inputs, then an 

obvious loss to the system is recorded. The ecosystem or compartment in which this occurs then 

becomes a source from which molecules or elements are fed or lost to external systems. This is 

expressed in the following manner:  

Inputs < Outputs = Loss   

The success of higher order organisms and humans within an ecosystem is highly 

correlated to the productive capacity of the ecosystem. Primary producers are highly dependent 

on the flows and fluxes of energy from both the sun and the soil in order to efficiently conduct 

the processes required for NPP. Within natural ecosystems existing in Earth’s terrestrial 

biosphere, nature takes care of the balances and cycles of nutrients, and energy flows quite 

efficiently without human intervention. However, humans often over-extract resources to the 

extent that anthropogenic perturbations throw the natural cycles out of balance. Since trophic 

energy relationships depicted as a pyramid cannot be inverted (Wang et al., 2009, p. 1376; 

Cotgreave & Forseth, 2002, p. 197), the consequence of this disorder erodes the base of the 

pyramid to the detriment of consumers at the apex. 

Some of the leading scientific minds writing about anthropogenic impacts on terrestrial 

ecosystems and on the biogeochemical cycles that sustain trophic balance include Ellis (2011), 

Pickett, et al., (2011), Smil (2011), and Schlesinger (1997; 2000). These researchers develop 

their arguments based on historical research, on modeling, and from data trends that can be 

organized along four general thematic statements; 
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(a) Human population density is a key factor in global patterns of anthrome emergence, 

largely because the human species has evolved to dominate the biosphere 

The global ‘anthropomass’ in the first decade of the 21st century is greater than the mass 

of all wild terrestrial mammals (Smil, 2011, p. 613). Consequently, human dependency upon the 

harvestable products of photosynthesis for direct consumption, for feeding domestic animals, for 

raw materials, and for energy, has increased to such high levels as to result in substantial global 

impacts. During the past two millennia, human harvests from the environment, changes of land 

use due to the removal of primary forests, and conversions of grasslands and wetlands to grazing 

lands and agriculture have reduced the stock of global terrestrial plant mass by as much as 45%. 

Diamond (1992, p. 3) provides compelling evidence in noting that human beings appropriate 

approximately 40% of Earth’s net productivity, a sum that is nearly half of the net energy 

captured from sunlight. Smil (2011, p. 616) further notes that based on estimates of the observed 

losses within the twentieth century alone, as much as 15% of nature has been harvested, 

representing an exponential spike in the rate of harvest during this relatively brief period of time. 

(b) Changes in net primary production (NPP) are a classic general indicator of human 

alteration of ecosystem processes 

The appropriation of plant biomass by humans through current annual harvests represents 

a share as high as 40%, indicating that future population growth, along with improved quality of 

life, will continue to result in additional claims on the biosphere (Ellis, 2011, p. 1011; Smil, 

2011, p. 616). Much of the expected trends lie in the predictability of human beings to identify, 

utilize, and manipulate ecosystems in relation to the different opportunities for use that selected 

ecosystems offer, and the potential economic productivity of the system. Once co-opted for 
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human use, ecosystems often remain within human influence, due largely to the tendency for 

human systems to create what Ellis (2011, p. 1016) describes as ‘novel anthropogenic patterns’ 

in the way that settlements and other infrastructure are interconnected and expanded. Combined, 

the appropriation of NPP and the creation of permanence in human systems have caused 

significant change to terrestrial ecosystems as ecological budgets continue to operate at a loss. 

(c) One of the most general and irreversible anthropogenic changes observed across the 

terrestrial biosphere is altered patterns of biodiversity   

The impact on species biodiversity from human actions can be examined from several 

perspectives. Biodiversity affects the properties of ecosystems, so consequently the benefits that 

humans obtain from nature depends on contributions from a diverse population of plant and 

animal species (Ellis, 2011, p. 1028). Ironically, many of the activities which are critical for 

human subsistence has led to the loss of the biodiversity on which it depends for sustenance, a 

situation that will likely continue in the future as human populations grow, and demands on 

nature increase (Diaz et al., 2006). Biodiversity is important because it influences human well-

being through the provision of services including access to water, biomass production by plants, 

nutrient and water cycling, soil formation and retention, production of fiber, shelter, medicines, 

and the regulation of human health. 

(d) The evidence supports the hypothesis that the present state of the biosphere is 

predominantly anthropogenic, with ecological forms and processes unprecedented in 

the Holocene or before, heralding the emergence of the Anthropocene Age 

Derived from studies of changes to the terrestrial biosphere during the last one hundred 

years, Ellis (2011) believes that the terrestrial biosphere is currently anthropogenic and 
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fundamentally distinct from the wild biosphere of the Holocene and before. Ellis (2011, p. 1027) 

reasons, that from a philosophical point of view nature is now truly human nature with 

ecosystems in different states of human interaction, differing in degrees of wildness and 

humanness with no more truly wild nature to be found. This opinion is shared by Halpern et al. 

(2008) who conducted studies on human impacts on marine ecosystems. Halpern’s research team 

developed an ecosystem-specific, multi-scale spatial model to synthesize 17 global data sets of 

anthropogenic drivers of ecological change for 20 marine ecosystems. The analysis provided 

clear indication that human influence has affected almost all marine ecosystems, with a 

significant 41% of habitats affected by multiple forces acting simultaneously (Halpern et al., 

2008, p. 948).  

4.6.1 The four factors of trophic distortion in the Haiti context 

The evidence that emerges from this discourse determines that in environments where the 

four major dynamics - human population density; changes in NPP; altered biodiversity; 

emergence of an anthropogenic biosphere - are at downward spiraling levels of interaction, the 

inevitable consequences are disruptions to soil biogeochemical cycles, ecological challenges, and 

expansive trophic destabilization across all habitats. Plainly speaking, human societies in which 

these factors are occurring together will experience ecological habitat depletion, are rendered 

incapable of providing the services required for the sustenance of life, and fail to supply basic 

human needs without external financial assistance. This encapsulates the reason for Haiti’s 

persistent dependence on the outside world, and explains rather than simply discuss the reasons 

for the territory’s persistent poverty. 
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Among western nations, Haiti disproportionately depends on the land for both its food 

and heat energy (ESMAP, 2007, p. xv), and this heavy reliance on natural biomass resources 

without reasonable replacement results in unsustainable rates of ecological drawdowns on 

dwindling stores of plant biomass and soil carbon. Haiti’s forests were originally removed during 

the colonial period to enlarge plantations of sugarcane and other cash crops (Diamond, 2005, p. 

340); however, since independence, unsustainable deforestation has increased because of timber 

exploitation, land colonization, agriculture, and increasing demand for wood and charcoal 

resources (IMF, 2012, p. 45). Bargout and Raizada (2013) show that soil infertility and erosion 

have been accelerated by recent human activity, which has caused nutrient demand on farms to 

exceed the natural regenerative ability of native soils. Additionally, increasing domestic demand 

for fuelwood and charcoal perpetuates deforestation, further exacerbating the process of soil 

erosion which diminishes crop yields and leads to food insecurity. These predicaments result 

from altered biodiversity and changes in net primary productivity. 

With 85% of Haiti’s rural population using 3.3 million cubic meters per annum of 

fuelwood as a source of household energy, only 3% of the countryside remains forested (Bargout 

& Raizada, 2013, p. 3), while less than 1% forest cover remains across the country as a whole 

(Johnson-Williams, 2011, p. 20). Demonstrating the broken cyclical biogeochemical connections 

with other reservoirs outside the terrestrial biosphere, Sukhdev (2008, slide 2) reports that 

deforestation has diminished evaporation of water to the atmosphere over Haiti, total rainfall in 

many locations having declined by 40% during the last four decades, resulting in reduced stream 

flow and irrigation capacity. Examined against the realities of population growth which will 

continue to stir demand in Haiti, the broken connections between people, forests, soils, water, 

weather and climate can be clearly observed.   
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Sufficient evidence that food and energy ecosystem budgets are inextricably linked in 

Haiti comes in the form of estimates reported by Bargout and Raizada (2013, p. 3), showing that 

charcoal production from wood is carried out on 21% of all farms where, as demand grows, 

average farm plot sizes grew from 1.8 to 2.7 hectares between 1997 and 2003. The increase in 

farm plots occurred as a deliberate strategy as farmers cleared additional land to increase food 

cultivation in order to compensate for low crop yields on already depleted soils. The clearing of 

land in turn causes soils to be exposed to wind and rainfall which then increase the scope and 

acceleration of soil erosion. The loss of 10,000 to 15,000 fertile hectares per year due to erosion 

from these practices (Arias et al., 2006, p. 3) clearly depicts the emergence of an anthropogenic 

terrestrial environment in Haiti.   

To further explain anthropogenic conditions, Sukhdev (2008, slide 2) reports that from 

the years 1950 to 1990, the amount of available arable land in Haiti almost halved due to soil 

erosion pressures. To place this trend in perspective, 60% of the population lives in rural areas 

where approximately 80% of people engage in subsistence farming (Bargout &Raizada, 2013, p. 

1). The World Bank (2009, p. 5) states that hillside land intensification has caused very 

unproductive soils on these small farms, and Jolly et al. (2007, p. 157) estimate that a third of all 

land in Haiti is severely degraded, the loss far exceeding that which can be considered 

sustainable, or that would allow for soil regeneration. While erosion is pervasive across the 

country, the World Bank (2009, p. 5) reports that erosion was at its worst in major agriculture 

production areas within the plains of the Artibonite valley, in Cul de Sac, Cayes and in the 

Northern and North-eastern plains.  

Johnson-Williams (2011, p. 22) provides a somber picture of the level of urgency in 

Haiti, revealing in her 2011 case study that the territory has arrived at peak soil loss with over 
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90% of this essential resource having being eroded away from terrestrial landscapes. This 

massive scale of soil loss causes a shortage of critical carbon molecules, contributing to the 

depletion of microbial biomass resources which constitute the primary level producers within 

Haiti’s ecological nutrient budgets. The depletion of primary production processes is the gravest 

constraint on forestry and agriculture, demonstrating the extent to which these two sectors are 

interdependent and declining, but vital forces within the natural economy of Haiti. These sectors 

however depend on soil for their rejuvenation, thus the focus of ecological intervention must 

begin with significant efforts to rebuild Haiti’s soil resources as a matter of social, political, 

economic, and scientific priority.    

4.7 Soil loss and the biogeochemical cycles in Haiti  

In general, humans differ profoundly from all other species on earth in the ways they are 

able to transform ecosystems through their growing populations and ever-increasing need to 

consume resources. The compelling differences between humans and other species stand out in 

the human ability to alter the environment by physical means, to manipulate a wide array of 

powerful tools in their efforts (fire is a good example), and well-developed social behaviors that 

confer the ability for social learning and action required for ecosystem engineering (Ellis, 2011). 

Although there has been some progress, mankind has yet to develop the productive capacity to 

grow substantial amounts of cheap, reliable plant food in any medium but soil. Where it concerns 

forest species and the biodiversity that supports them, scientific advances are rudimentary at best 

in terms of their production in anything but soil.  

Soils hold vast stores of minerals and nutrients that are transferred through crops to 

nourish humans and their food animal populations. Modern agricultural methods and production 
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systems ensure that short-term production is maximized through the adding of energy to the 

ecosystem in the form of cultivation and fertilization, but it is increasingly demonstrated that 

many modern agricultural production techniques hinder efficient energy use in the long run by 

producing nutrient imbalances, increasing the presence of pollutants and related ecological ills. 

Wall et al. (2004) assert that the alterations in soil habitats and their biota have major 

consequences for human existence because they disturb, destabilize or remove the symbiotic 

order of organisms necessary to build or repair the trophic structure of terrestrial ecosystems and 

their capacity to provide valuable ecological services.  

As the human population in Haiti increases, edging closer toward 13.5 million people by 

the year 2050 (US Census Bureau, 2010); and with the annual loss of 15,000 fertile hectares of 

land per year due to erosion, these forces combine to produce anthropogenic impacts that result 

in huge cycle disturbances on a scale that is unobserved in the Western Hemisphere. Table 2 

shows the sectors responsible for the gravest impacts, and indicates the major biogeochemical 

cycles which are being adversely impacted in Haiti. 
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Industry/Sector  Activities and Influences Local Effects Major 

Biogeochemical 

Cycles Impacted 

Agriculture Fishing; irrigation; slash and 

burn; hillside crop production 

Deforestation; erosion; 

nitrification; overfishing; 

biodiversity loss; nitrous oxide 

releases; freshwater 

contamination 

Carbon; Nitrogen; 

Hydrogen; 

Phosphorus;  

Hydrologic;  

Forestry 

(Charcoal 

Energy) 

Tree removal; tree root 

removal; wood carbonization; 

charcoal combustion 

Deforestation; erosion; surface 

water contamination; 

particulate releases; public 

health concerns; atmospheric 

warming; nitrous oxide 

releases; localized drought 

Carbon; Nitrogen; 

Oxygen; Sulfur; 

Hydrologic 

Mining and 

Construction 

Logging; soil and sand 

removal; geological reshaping 

Deforestation; erosion; 

groundwater contamination; 

biodiversity loss; livelihoods 

loss; increased stormwater 

runoff; nitrous oxide releases  

Carbon; Nitrogen; 

Oxygen; 

Phosphorus; 

Hydrologic 

 

 

As a direct result of wide-scale agricultural declines and with mounting pressures for 

increases in food, energy, and water, Haiti is caught in a vicious cycle of interrelated and 

overarching biophysical and anthropogenic forces (Bargout & Raizada, 2013) that have locked 

the country in diminishing biogeochemical spirals of ecologic and economic poverty. The 

cumulative circumstances contributing to runaway soil erosion in Haiti have effectively removed 

its storing house of nutrients through the loss of upper soil horizons. As a direct result of its 

inextricable link to natural and human development, the persistent loss of soils along with stored 

nutrients and organic carbon – all irreplaceable on pedogenic time scales – is the major factor 

responsible for predisposing the country to ensuing ecological, social, and economic crises.  

 

Sources: Crutzen & Schwägerl, 2011; Schlesinger, 1997. 

Table 2: Anthropogenic Activities by Sector, and Associated Impacts 
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4.8 Ecosystem vulnerability and socio-economic impacts in Haiti  

The analyses of ecological budgets in Haiti’s terrestrial ecosystems suggest that the 

aggregate state of eroded parent soils - Vertisols, Cambisols, Lixisols, and Luvisols - is such that 

a significant percentage of soil organic carbon has been permanently lost, and annual losses of 

soil organic matter will continue to outstrip the rate of replacement through natural soil 

development processes. As a result of this ecosystems budget crisis, natural improvements in 

trophic relationships are not predicted, and owing to the deleterious impacts on essential 

biogeochemical cycles within terrestrial ecosystem habitats, some clear assumptions can be made 

about the current and future status of ecosystems services in Haiti.   

Through its assessments of climate impacts on agriculture and land sectors in Haiti, the 

World Bank (2009) predicts a high probability of the temperature being raised by 1
o
C and 

precipitation being decreased by up to 20% within the territory by 2030. During the decade from 

2001 to 2011, the country experienced storms and floods that have had the highest human and 

economic impact in its history, the combined impact estimated at 15% of Haiti’s GDP. Based on 

the vulnerability assessment of the agriculture sector by the World Bank, predicted precipitation 

decreases will accompany a commensurate decline in irrigated crop yields, corn by 4%, rice by 

9%, and potato by 5%. If past storm disasters are to be used as a predictive measure for similar 

future events, significant losses in livestock numbers will occur with increases in storms, more 

than 3% of livestock or 100,000 heads of animals succumbing to hurricane Mitch in 1998 (World 

Bank, 2009, p. 1). 

Carbon compounds constitute the majority of plant biomass and soils in forest 

ecosystems, and as such carbon dynamics exert significant influence on ecosystem budgets 
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(Binkley & Richter, 1987, p. 9). With consistently diminishing carbon budgets, the trophic 

hierarchy of nutrient cycles in Haiti has reached a state where upper level consumption by higher 

animals and humans has outstripped production by primary producers. According to Wall et al. 

(2004), living organisms represented by multispecies diversity play an essential role in 

moderating environmental conditions, providing food and energy within ecosystems, but 

extensive changes to Haiti’s soil ecology have been such that microbes existing in below-surface 

habitats and their biodiversity have been modified at an unparalleled rate. Based on evidence 

showing that anthropogenic triggers have damaged the natural ecological order across the 

territory, Haiti's modern environmental and associated social crises are determined to be the 

result of significant damage done to its biogeochemical cycles, most significantly the life-

supporting carbon cycle. 

Haiti’s weakened ecological habitats have been failing for decades, and this is being 

reflected in the performance of the market economy that depends significantly upon its natural 

capital. The direct effect that this has produced in the Haitian economy is that of the US$13 

billion it costs to run the country over a period of 29 months, a total of US$11.5 billion or 88% 

of the total is provided by foreign aid (Locke, 2012, p. 415). Consequently, with a Human 

Development Index (HDI) ranking of 161 out of 187 country states, the UNDP (2013, p. 2) notes 

that Haiti exhibits the lowest human development scores in the Western Hemisphere, which 

combined with its high exposure to natural disasters makes it one of the most vulnerable 

countries to global climate change.  
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4.9 Conclusive arguments  

The basic scientific explanation for the vulnerable state of ecosystems in Haiti is that 

there has been a permanent disruption in the flows normally carried out through biogeochemical 

cycling of nutrients and energy within and across ecosystem boundaries. Perturbations on these 

cycles have adversely impacted the state of stable trophic relationships within the natural 

economy. It has been fully determined that unsustainable drawdowns of natural capital have 

occurred since the arrival of Europeans in the late 1400s, but Haiti’s own domestic population 

has grown from below half a million people at the time of the 1804 insurrection, to 

approximately ten million people in 2015. Haiti’s modern ecological predicaments have become 

distended, but have always been proportional to its socio-economic problems, each contributing 

to the other but both dependent upon the budgets of soil and plant biomass resources within 

which the territory’s natural capital reside. This further proves Myrdal’s theory of cumulative 

causation, where in Haiti’s case the causation factors are multilayered, and perpetual through 

time and space. 

Ecosystems decline during the twenty-first century has been driven by four main 

anthropogenic perturbations that exert excessive pressures upon the natural biogeochemical 

cycles. The four interrelated and reinforcing factors are population growth, reduction in net 

primary productivity (NPP), biodiversity and ecosystem services loss, and emergence of an 

Anthropocene state of existence within the territory. Succumbing to these vulnerabilities, Haiti’s 

natural environment has been rendered incapable of sustaining a market economy to any 

meaningful extent capable of bringing an end to decades of socio-economic malaise. The 

collapsing ecosystems are therefore the consequence of a carbon economy in reverse, the effects 
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of which are reflected in chronic dysfunction of a market economy incapacitated by the loss of 

essential ecosystem services.   

Attributing the causes of Haiti’s chronically threatened ecology solely to deforestation 

has triggered responses which have over-focused on seedling propagation, reforestation and 

afforestation projects. These measures of intervention have potential restorative value, but while 

deforestation is a major issue, the overriding scientific cause of ecological budget collapses in 

Haiti has been carbon loss induced by runaway soil erosion. The wide-scale depletion and loss of 

soils limits the territory’s capacity to sustain planted forests or food crops. Owing mainly to this 

incapacity, greater emphasis must be placed on rebuilding and restoring the territory’s soils in 

order to support the development and reform of the food and energy sectors upon which the 

overwhelming majority of Haitians directly depend for their livelihood. 

Taking a revisionist approach to problem diagnosis, the reassessment conducted in this 

chapter identifies Haiti’s most distinct crisis as significant and bourgeoning carbon depletion that 

is intricately connected to the country’s unavoidable overreliance on charcoal and wood energy 

in a fragile environment. When this overreliance on biomass energy inevitably leads to 

deforestation and soil erosion, the net loss from stored and sequestered carbon reservoirs maligns 

the biogeochemical processes within trophic relationships to the extent that ecological recovery 

becomes increasingly intractable.  

In the absence of a vibrant market economy from which to build a viable economic base 

capable of accommodating its masses, Haiti depends increasingly on its withering natural 

ecology and draws sustenance from forestry and agricultural activities that exhibit recognizable 

symptoms of limits to further growth. Haiti’s carbon economy is therefore in a state of flux. The 
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country’s ecological habitats are in crisis, having largely exceeded their carrying capacity. With 

the failure of financial injections into the country’s economy to bring meaningful relief, Haiti 

requires direct attention to its ecology, and refocused approaches in carbon banking and soil 

remediation measures should predominate in agricultural science research if environmental 

reform must occur in a place that needs it more than most. 
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Chapter 5: Operationalizing an integrated food-energy system response in Haiti  

5.1 Introduction 

It has been determined that the cumulative causes of systemic failures across social, 

ecological, economic, and political boundaries have resulted in multi-scale vulnerabilities in 

Haiti. The required response to this complex environment should entail intervention strategies 

that go beyond the detached and compartmentalized approach to social and scientific inquiry 

currently in vogue. The direction in which inquiry should be oriented in Haiti is toward a broader 

system-wide approach that simultaneously considers multiple solutions by applying a connected 

set of responses to the country’s complex problems.   

A system-wide or whole system approach takes into consideration the resources of the 

economic system (the factors of production) which are required to produce goods and services 

for the benefit of people. This outcome is achieved by embracing livelihood strategies that 

impact the group or system as a whole instead of its individual members or parts. Thus the core 

thesis of a whole system approach to the complex problems of Haiti hinges on the assessment of 

the social, ecological, political and economic factors that contribute to system vulnerabilities, 

and reorienting the trajectory of inquiry so as to begin a process of proposing alternative methods 

of response.  

This chapter examines the rationale for a whole system approach that combines 

biophysical, social, and anthropogenic responses to the carbon depletion which induced 

functional vulnerabilities to the provision of critical ecosystems services in Haiti. Based on the 

finding that social, political, biological, environmental, and economic factors have converged to 

create distortions on interrelationships within ecosystems, whole system inputs are offered as a 
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means of remediating the distorted trophic food-energy hierarchies in Haiti. The two prominently 

paired problems of Haiti are food and energy. The issues they create continue to drive the 

ecological decline that affects every realm of existence in the territory, thus perceiving them as a 

single system is an important first step toward the conceptualization of appropriate responses. A 

system response in Haiti that integrates the set of actions necessary to address the problems 

caused by food and energy may be largely referred to as an integrated food energy system (IFES) 

approach. By the nature of its purpose, it must be comprised of individual parts that operate in a 

closed loop cycle which embraces four levels of integration;  

(1) Transformative education and practice 

- Embracing indigenous knowledge 

- Participatory inquiry 

(2) Restoring soils (Restorative Anthropedogenesis) 

- Soil genesis by carbon enrichment strategy 

- Soil horizon restoration  

(3) Growing a complement of food and energy crops on created soils 

- Integrated farming methods 

- Biomass proliferation by afforestation  

(4) Developing a biochar value chain within communities of practice 

- Energy diversification, sustainable production, and use of chars 

 

These four levels of integration, along with the types of inquiry that examine how the 

responses impact prevailing problems, form the notional approaches which are examined.   
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5.2 Toward a culture of food-energy integration: Challenges and possibilities 

In the face of major socio-economic challenges and severe ecological deterioration 

arising from deforestation and degraded agricultural soils, the Haitian people, like others who 

live in economically disadvantaged regions of the world, will continue to face an increasingly 

bleak future (World Bank, 2009, p.2).  If Haiti’s natural resources are to be safeguarded amidst 

efforts to feed more than 10 million people by the year 2020, there will be the requirement to 

apply levels of efficient food production that has not before been achieved in the country. Since 

food production in Haiti is directly connected to domestic energy, and because there is a 

correlational relationship between deforestation and depleted soils, it is unlikely that productivity 

gains can be attained in the absence of a framework that considers both food and energy as a 

coupled development strategy. 

In 2011the FAO commissioned a study which examined the linkages between energy and 

agricultural food systems and their implications for food security and climate. A major aim of the 

study was an examination of energy uses along the entire agricultural food production chain, 

including the potential of agricultural food systems to also produce energy (FAO, 2012, p.1). The 

conclusion drawn by the study was that in order to meet both the energy and food challenges of 

the future, including the problems associated with anthropogenic change, agricultural food 

systems need to become ‘energy-smart’. Recommendations therefore included the establishment 

of a ‘long-term multi-partner food systems program’ encompassing food, energy, technology, 

and food-energy integration and access. 

In Haiti, the need for a paradigm shift to a new approach in food and energy production is 

essential for modernizing agricultural productions systems through energy-smart responses 
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which consider the long standing linkages between the food and energy sectors. Central to this is 

the need to rethink the role of energy when considering the options for improving food 

production systems, thereby avoiding development models that separate the two sectors. With a 

population of more than 10 million people having precipitously decreasing access to biomass 

energy services for cooking, an enhanced agricultural food-energy production system will have 

an essentially unique role to play in alleviating the problem of rising energy poverty in Haiti.  

As demonstrated by Brazil since the 1970s, the harnessing of advances in science - 

conducted within a favorable political climate - enabled the country to switch to alternative 

sources of energy from which it gained income from food exports, as well as provide more 

affordable and healthy foods to its population. Simmons (2011, p.9) refers to Brazil’s success as 

the transformation of a nation’s struggles into an economic and humanitarian triumph. In a 

similar manner, an integrational approach which identifies biochar technology as the basis for a 

soil remediation strategy upon which sustainable agroforestry systems can be established, 

provides a starting point for Haiti’s own transformative process.  

With contextual relevance to Haiti, I define an integrated food energy system (IFES) 

response as a ‘systems approach’ to development in which there is the application of resilience 

strategy encompassing soil, environment, technology, food and energy, in a synergistic 

relationship with existing biophysical, socio-economic, and political interdependencies. Applied 

in the manner defined, an IFES integrates, intensifies, and consequently aims to increase the 

production of food and energy per unit of land by transforming the by-products of one system 

into the feedstocks for the other. Sachs and Silk (1990) suggest that the revaluation of 

agricultural by-products in this manner is important in the designing of IFES for specific agro-

climatic regions, since these designs follow the paradigm of natural ecosystems. The authors 
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reason that IFES are modern, ecologically sound systems that are characterized by closed loops 

of resources flows, incorporating many of the rational traditions of peasant farming operations 

but at a completely different level of scientific and technical knowledge than that which is in the 

domain of contemporary practice. 

5.2.1 Transformative education as a component of IFES  

Wals, Mulder, and Eernstmann (2013, p.2) advocate that the shift to modern integrated 

systems will require a new educational paradigm that affects all levels of cultural, social and 

educational institutions including government. They further suggest that this new educational 

paradigm should be established with the aim of supplanting transmissive educational models 

with transformative and experiential elements of learning that are more suited to developing 

nation societies. An ‘integrated’ approach also purports that knowledge will be sought and 

applied from alternative sources, thus indigenous knowledge - which has for too long been 

relegated to levels of insignificance by western educational worldviews - is reassessed and given 

credence.  

In support of this approach, Sahai (1996, p.3043) argues that indigenous knowledge 

asserts its importance with the realization that there are no rice, wheat, or cotton plants lying 

around in the forests and wildlands. Instead, forest and wildlands only carry wild, low producing, 

or unrecognizable ancestors of modern plants out of which indigenous communities of men and 

women over generations have bred hundreds of races of food and cash crops. These plant 

communities formed the basis of the world’s agriculture, providing the foundation material of 

modern plant breeding and global food security. Modern science often seems to take all the 

credit for agricultural advances without recognizing the significance of indigenous discoveries.  
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The transformative education process in Haiti that is required to address the prevailing 

environmental and social conditions should therefore be directed at both formal and informal 

education, but this presents an enormously difficult undertaking that is complicated by the 

discordant goals and objectives of NGO’s operating in the country. Through ethnographic 

investigations of NGOs in Haiti, Schuller (2012) determines that the government of Haiti has 

been weakened, especially since the decade of the 1990s, by donor policies which channel aid 

and development money directly to NGOs. The majority of these beneficiary organizations - 

which are usually foreign owned and managed - have used their wealth to circumvent the 

authority of the state to the extent that across Haiti more than 90 percent of schools were run 

privately; by missions, individuals, or NGOs (Schuller, 2012, p.52).  

Cardwell’s (2011) assessment of vocational and technical agriculture schools reveals 

significant deficiencies inherent in private ownership of agriculture schools by NGO missions. 

Despite the presence of several private universities that purport to provide technical agricultural 

training in Haiti, none of the curricula have been standardized or modernized during the past 25 

years. According to Cardwell (2011, slide 22), public sector vocational level agriculture 

education programs have all but disappeared from Haiti since the 1980s with only four such 

institutions operating in the country by 2011. Within these schools, it was determined that 

administrators required training to develop competencies in modern practices and in learning 

how to develop social capital. Furthermore, graduates from these institutions received no training 

in Extension or much, if any, practical education due to the lack of laboratories and field trials 

(Cardwell, 2011, slide 21). These deficiencies have resulted in the absence of a recognizable 

extension system anywhere in Haiti, thus, any public good to be derived from tertiary 

agricultural training does not naturally flow to the farming sector.  
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Plausible alternatives to the private agricultural schools described may be the 

implementation of participatory educational activities with farmers and agricultural households. 

In settings where they are directly involved in defining the vision and possibilities from which 

they will benefit, farmers are more receptive to information and play larger roles in problem 

solving. Participatory action can take many forms and may be defined by various jargon 

including the idea of ‘accompaniment’ suggested by Paul Farmer (2012, p.10) in his 

interpretation of Schuller’s (2012) work. Farmer suggests that ‘accompaniment’ is the most 

efficient and effective way to engage in intervention and development work, as it requires the 

investigator to accompany beneficiaries on their journey toward improved livelihoods. 

Remarkably similar to the concept of Appreciative Inquiry (AI), accompaniment means listening 

to farmers, working alongside them in their communities of practice, and participating in their 

actions until their goals and objectives become their reality (Farmer, 2012, p.10).  

5.3 Soil-carbon enrichment as agro-ecological investment: A summary history of 

Anthroposols  

In the thesis outlining the ‘emergence of agriculture’, Smith (1998) summarizes that an 

agricultural revolution occurred about ten thousand years ago when diverse cultures around the 

world independently began to engage in agricultural methods that made the practice of ‘hunting 

and gathering’ a less efficient way to acquire food. Landscape domestication allowed humans to 

begin settling into permanent, larger, and more socially complex communities (Smith, 1998), 

transitioning communities from the practice of hunting and gathering to a sedentary agriculture 

lifestyle that would forever alter human life. This new behavior activated a path of rapid 

development along which humanity still travels. Olsson and Higgs (2005, p.911) consider this 
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Agricultural Revolution a crucial civilizing event in history which made possible the endogenous 

technological progress that ultimately led to the Industrial Revolution.  

Clement (2006, p. 33) suggests that aside from the harvesting of trees, rocks, and soils 

which were used to create habitations, the practice of landscape domestication became a 

conscious and necessary process by which human manipulation of the terrestrial environment 

resulted in changes in the ecology and in the demographics of plant and animal communities. 

This resulted in landscapes that were more productive and amenable to the development of 

human livelihoods systems. Where societies have thrived, people developed technologies that 

aided the preservation and conservation of soils, this resulting in stable ecological systems that 

worked to the benefit of cultural development.  

Erickson (2003, p. 457) notes however, that whenever human civilizations and soils are 

discussed together in the context of modern realities, the arguments are generally framed in 

terms of environmental limitations or progressive anthropogenic degradation of landscapes 

through overuse and erosion. Scholars such as Steward (1948) and Meggers (1954; 1971) have 

suggested that where civilizations rarely developed or where they have collapsed in regions of 

tropical forest environments, poor soils, runaway erosion, and catastrophic ecological failures 

placed severe limitations on cultural development. Diamond (2005) makes a similar argument in 

noting the collapse of past societies which existed in places such as Easter Island, Pitcairn and 

Henderson Islands, the Mayan territory of the Americas, and the Greenland Norse society.  

Bolstered by the development of indigenous knowledge during the waves of agricultural 

revolution across civilizations, the importance of soil organic matter (SOM) to soil quality in 

terms of its capacity for producing economic goods and performing ecosystem services was 
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recognized as the key to soil fertility. At the dawn of agricultural history it was discovered that 

humus, the highly reactive and decomposed component of SOM impacts the physical, chemical 

and biological properties of soil, imparting the characteristic dark brown color which is 

synonymous with soil of good quality. As a result, humans began to increasingly appreciate the 

fact that dark soils were usually productive soils (Lal, 2008), thus in the most successful 

agricultural societies, deliberate manipulation of soils occurred regularly as people amended 

topsoils from sources such as human and animal wastes, crop residues, muck and algal biomass. 

These amended upper ‘A’ horizon dark soils have collectively become known as Anthroposols, 

the prefix ‘anthropos’ derived from Greek meaning human, and the suffix ‘sols’ meaning soils 

(McCarthy, 2014). 

In his review of Anthrosols and Technosols for the International Soils Reference and 

Information Center (ISRIC), Otto Spaargaren (2006) defines Anthroposols as ‘soils that have 

been formed or profoundly modified through long-term human activities such as addition of 

organic materials or household wastes, irrigation or cultivation’. Six types of Anthroposols are 

defined by Spaargaren, the type of horizon based on the method or material comprised in the 

anthropogenic surface.  

I. Hortic horizon - resulting from deep cultivation, intensive fertilization, or long-term 

application of organic wastes to the soil surface 

II. Irragric horizon -  resulting from long-term irrigation with sediment-rich water 

III. Plaggic horizon - resulting from long-term addition of sods mixed with farmyard 

manure 

IV. Terric horizon - resulting from long-term addition of earthy manure, compost or mud 
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V. Anthraquic horizon -  resulting from long-term wet cultivation and includes a puddled 

layer and a plough pan 

VI. Hydragric horizon - subsurface horizon having characteristics associated with wet 

cultivation 

 

In the historic sense, Anthroposols are soils with prominent characteristics that result 

from human activities over centuries, the parent material being virtually any soil material that 

has been modified through cultivation or by the addition of organic material (FAO, 2001b). Terra 

Preta do Indio or Indian Black Earth is the local name for certain dark soils found in the 

Brazilian Amazon region and several other countries in South America. Terra Preta 

Anthroposols were created on Podzol (sandy) parent soils by pre-Columbian Indians whose 

cultivation within them and occupation near their sites were abandoned after the invasion of 

South America by Europeans (Holliday, 2004, p. 314; Smith, 1980, p. 561). Through the creation 

or construction of new productive soils, the pre-Columbian inhabitants of the Amazon and other 

parts of the Americas demonstrated the capacity to transform soil horizons, thus improving 

nutrient availability and recycling, altering the hydrology which changed vegetation succession, 

and captured sediments from rain events (Erickson, 2003, p.456) where the soil would otherwise 

have been eroded.  

WinklerPrins (2014, p. 236) explains that the dark color of Amazonian Anthroposols 

arises from high levels of stable SOM which is on average three times higher than the 

surrounding or deeper non-anthroposols. Based on the study by WinklerPrins, there is the 

determination that Amazonian dark earths are high in important measures of soil fertility such as 

cation exchange capacity (CEC), and mineral nutrients such as phosphorus, calcium, magnesium, 

and particularly nitrogen and carbon. The pH of Amazonian anthroposols ranged from 5.2 to 6.4, 
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being much more neutral than the surrounding acidic soils. WinklerPrins (2014) notes that the 

chemical attributes of the Amazonian anthroposols resulted in soils that contain and retain plant-

available nutrients that accommodate high SOM. This high SOM in turn improves the physical 

properties of the soil as it plays an essential role in changing the porosity of the background 

matrix, resulting in a higher capacity for moisture retention. 

5.3.1 Other Anthroposols  

The formation of soils by deliberate human action is also identified in many other places 

outside of Amazonia. One such example is the region of the central Americas known as Meso-

America. Extending from central Mexico through the modern countries of Belize, Guatemala, El 

Salvador, Honduras, Nicaragua, and northern Costa Rica, a number of pre-Columbian societies 

flourished in this region before the arrival of Spanish colonizers in the 15th and 16th centuries 

(Hernández-Bermejo and León, 1994). Meso-America is one of six areas in the world where 

ancient civilization arose independently, and where agriculture emerged and became diffused 

throughout the region, largely characterized by the enrichment of soils by indigenous people 

(WinklerPrins, 2014, p.238). The ancient peoples of Meso-America manipulated their landscape 

by constructing terraces and creating raised beds of cultivated soils called chinampas which were 

primarily a means of water control. However, by creating these structures, active modification of 

soils occurred due to downslope sedimentation, this often augmented with additional inputs of 

crop waste, livestock manure, and human waste (WinklerPrins, 2014, p.238).  

A lesser known technique for making anthroposols was Conuco mounding which was 

practiced by the Taino Indians of Hispaniola who grew mainly maize and tuber crops, the root 

systems of which helped provide soil stabilizing benefits to agricultural soils. Bargout and 

Raizada (2013) noted that the pre-Columbian Taino people had a sustainable agronomic system 
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in the practice of Conuco mounding which prevented soil erosion on the steep hillsides of the 

Island of Hispaniola. Regrettably, this practice was lost after colonization by Europeans, and not 

much is known about Conuco mounding today.  

As practiced by the Taino, a conuco was a mound of dirt on either sloped or flat land, laid 

out in rows, piled to approximately 0.7 meters high within which plant residues such as branches 

and leaves were embedded. The plant residues provided high levels of SOM and helped to loosen 

soil aggregates, thus enhancing water drainage and aeration. Conuco mounds promoted the 

longer storage of mature tuber crops, created easier weeding and harvesting, and reduced the 

incidence of erosion. Bargout and Raizada (2013) estimated that conuco mounds could 

productively remain in cultivation for 15 to 20 years, and where extensively practiced, could 

support individual settlements of around 5,000 inhabitants. 

Not restricted to the Americas, ancient Anthroposols are identified in parts of Western 

Europe where calcareous soil materials were moved to areas within England and Ireland in 

which acid parent soils such as Arenosols, Podzols, Albeluvisols and Histosols naturally existed. 

With the additions of the calcareous materials the acid soils turned into Terric Anthrosols (Terric 

horizon) which is largely composed of a surface layer of mineral soil material with superior 

properties for arable cropping than the original parent soils (FAO, 2001b).  

The FAO (2001b) notes that owning to their thickened A-horizon, wherever they are 

found in the world, ancient Anthroposols are well-drained and have an active soil fauna. Root 

penetration resistance is low, the soil pores are of various sizes and are interconnected, and the 

storage capacity of plant-available soil moisture is high compared to that of the underlying soil 

material. Importantly, the organic matter in the surface soil of Anthroposols provides a 

stabilizing effect on the structure of the soil, lowering its susceptibility to slaking. Increases in 
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SOM provide important productivity and resiliency benefits. These benefits include 

improvement in soil quality, increase in use-efficiency of inputs, reduction in soil erosion and 

sedimentation, decrease in nonpoint source pollution, and lower rates of anoxia or hypoxia (dead 

water) in coastal ecosystems.  

Haiti’s food security cannot be achieved without restoring the quality of degraded soils, 

and soil carbon sequestration is an essential prerequisite (Lal, 2009, p.2) as determined by the 

high carbon sequestration potential of Amazonian Anthroposols. The contemporary value of this 

ancient technology sets it apart as the paradigm upon which modern soil restoration should be 

patterned, and thus it is taken seriously as a conceptual response for an environment that requires 

urgent attention.  

5.3.2 The carbon factor 

 Regardless of where they exist, there is one aspect of Anthroposols that remain poorly 

understood by modern science, this being the microbial complexes associated with them. 

Anthroposols consistently exhibit greater microbial diversity than background and surrounding 

soils, the majority of the populations being predominantly fungal. Possibly contributing to the 

generation of non-pyrogenic black carbon, the microbial populations within Anthroposols 

horizons perform an important function in the maintenance of the high fertility of the soils over 

long periods of time (WinklerPrins, 2014, p. 236), and this characteristic is notable in the dark 

earths of the Amazon region.  

With implications for the direction of further research on the development of sustainable 

soil profiles in contemporary agricultural settings, WinklerPrins (2014) makes a compelling 

argument about the specific soil conditions that enable the current existence of Amazonian Dark 
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earths which formed up to 2500 years ago. Conclusive evidence points to the unique nature of 

the carbon in these soils as the key to the stability of the organic matter, and this factor unlocks 

the mystery of the persistence of Amazonian Dark Earths in the landscape. The carbon found in 

Amazonian Anthroposols is pyrogenic carbon, its presence a consequence of the deliberate 

incorporation of charcoal into the soil. WinklerPrins (2014, p. 236) suggests that this particular 

type of charcoal was not the result of natural forest fires, but due to slow burns associated with 

the use of fire as a management tool in sedentary agriculture. Another explanation for the type of 

charcoal found in the region is provided in the hypothesis given by Wayne (2012, p. 3) who 

suggested that it was likely from the activity of firing clay pots.  

Bates (2010, p. 143) suggestion that the addition of charcoal to agricultural soils was 

deliberate is informed by the presence of approximately 150 grams per kilogram or 15% of total 

Anthroposols compared to only 3% in the surrounding soils. In addition, the total stored carbon 

goes well below the 4 to 8 inches common in adjacent soils to an average of 20 inches where 

Anthroposols exist. These characteristics, in addition to the presence of organic wastes (Bruges, 

2009, p. 34) such as shards of clay pottery (Wayne, 2012, p.3) which could have only come from 

human sources, make the dark soils of the Amazon distinctively anthropogenic.  

Due to its physical nature, pyrogenic carbon is highly resistant to degradation, and this 

imparts persistence in high-leaching environments. McLaughlin (2010) states that when plant 

biomass is heated above 300
o
C, the chemical bonds in the material are modified during pyrolysis 

by the sequential processes of; 

(i) Dehydration  
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(ii) The conversion of aliphatic or linear carbon bonds into more stable aromatic or 

stackable carbon bonds 

(iii) The consolidation of the stackable carbon bonds into a stable complex of 

graphene layers 

In general, the resulting carbonized material (char) is rendered into a stable carbon-rich 

structure which is resistant to microbial digestion or biological degradation, enabling its 

persistence and stability in soil (McLaughlin, 2010, p.69). Acting as carrying agents for 

nutrients, these ancient soils incorporated with pyrogenic carbon are also able to attract and 

retain nutrients in quantities well above surrounding soils, resulting in more plant-available 

nitrogen, calcium and phosphorus (WinklerPrins, 2014, p. 236). These characteristics of soil that 

have been amended with char have stimulated the interest of modern researchers, several of 

whom have begun to inquire into the potential for newly-produced biochar to enhance soil 

fertility and store carbon at the same time. Not only is this potentially an important tool for 

addressing global climate change, the implications for soil resuscitation in ecologically degraded 

environments are enormous.  

5.4 Applying IFES as a whole system paradigm in Haiti 

Applying an Integrated Food Energy System (IFES) response in Haiti necessitates the 

adoption of a holistic approach to planning, implementation, and management, with broad 

objectives established to address issues in economic, educational, environmental and social 

policy. Sachs and Silk, (1990) believe that the design of IFES in developing countries requires a 

simultaneous consideration of the following inputs; 

- The cultural and institutional settings 

- The biophysical components of resource management  
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- The social and ecological impacts of the proposed technologies 

IFES are systems oriented, thus the methods of application and complexity of the design 

are flexible and adaptable with respects to the site-specific configuration of climatic and 

environmental conditions, ecological sustainability, prevailing economic conditions, existing 

forms of social organization, community participation, social and cultural desirability, and the 

level of technical sophistication available (Sachs &Silk, 1990).  

The strategy conceptualized for operationalizing an IFES approach in Haiti involves the 

development of an interdependent food-energy system of production, where: 

(a) Both food and fuel crops are grown on anthroposols created by the farmer, and 

cultivation is based on the principles of permaculture and agro-forestry  

(b) Biomass is produced specifically to supply the fuel for cleaner burning cookstoves or 

wood burning ovens  

(c) Pyrogenic carbon is returned to the farm soil to create a cycle between farm, food, 

and fuel. 

While there are significant challenges to the production of, and access to food in Haiti, 

traditional energy supplies have also dwindled to an all-time low. Energy supplies are finite, and 

as demand - driven by population increase - leads to over-harvesting of biomass from the public 

domain, the ‘inherent logic of the commons remorselessly generates a tragedy’ (Hardin, 1968, p. 

1244). Borrowing from Hardin’s arguments, the tragedy of the commons as an ‘energy basket’ 

may be averted by formal ownership arrangements which lead to a greater individual stake in the 

ownership of energy sources. Therefore, by focusing inquiry at the household level within small-

scale communities of practice in Haiti, IFES purports a unique approach where the ownership of 
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energy crops begins to be perceived of in the same manner in which farmers have traditionally 

perceived ownership of food crops grown on their own fields.  

So far in this dissertation I have established theoretical arguments on the historical causes 

of ecological failures in Haiti and have examined factors which have constrained the territory’s 

socio-economic progress since its political independence in 1804. In addition, I have proposed 

alternatives to diagnosing the underlying crises in Haiti by delineating the major budgetary 

constraints upon ecosystem functions that have eroded the provision of services accruing to 

human livelihood systems. The purpose of this chapter is to report on the conduct of applied field 

research and participatory inquiry, both of which set out to determine (a) how the conceptualized 

Integrated Food Energy System (IFES) model may demonstrate restoration of ecosystems 

services on ecologically degraded landscapes, and (b) how participatory action research using 

Appreciative Inquiry methodology, could demonstrably reorient ecological thinking and action 

within communities of practice in the Haiti. The two parts of this question are examined in the 

proceeding research papers.  

 

5.4.1 Paper 1: Restorative Anthropedogenesis - a proxy evaluation in South Florida  

Abstract 

The restoration of depleted or impaired soil horizons by human manipulation of certain 

edaphic processes is a critical factor that must be initially contemplated to set in motion the 

change dynamics essential to ecologic remediation. The application of a synergetic blend of 

compost and biochar on top of existing soils has been suggested as one means of horizon 

restoration. The study was conducted on sandy soil horizons in Florida, an area chosen for a 
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proxy analysis of depleted soil conditions in Haiti. Approaches included applications of compost 

and biochar blends atop natural sandy surfaces, as well as the construction of conucos to 

stimulate the development of anthroposols. Occurring over a 12 week timeframe, the study found 

that soil microbial and plant biomass resources increased in areas where biochar was present 

with compost. In addition, parts- per-million increases in potassium and phosphorus were also 

observed, and the burrowing action of earthworms, particularly Pontoscolex corethrurus, 

contributed to the emergence of a deeper organic horizon. The inference drawn from the study is 

that the synergy created by the compost and biochar blend leads to increases in net primary 

productivity (NPP) in the soil, and this may be the direct result of biochar to act as a catalyst for 

accelerating symbiotic interactions among microbes that leads to increased soil biomass and 

carbon sink.  

Study Introduction 

As observed by Lea (1996, p. 36), wherever agriculture becomes a more profitable 

activity with less pronounced seasonality across the various growing regions of Haiti, charcoal 

production becomes less important as a source of income to rural Haitians. Drawing upon the 

work of Smucker (1981), Lea (1996) shows that Haitians only produce charcoal when more 

remunerative agricultural activities were unavailable, suggesting that pro-agricultural 

investments in rural Haiti has a high correlational probability of improving the local agro-

ecology while decreasing the risk of encroachment on forest trees for charcoal fuel production. 

This supports Farmer’s (2011, p. 50) assertion that pro-poor investments in agriculture that 

avoids the high risks of erosion pressures would do more to alleviate Haitian poverty than the 

provision of low-wage assembly jobs.  
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Based on their assessment of farming and land use projects on a global scale, Scherr and 

Sthapit (2009, p. 5) suggest that of all the available options, terrestrial approaches offer the most 

viable promise for carbon remediation through strategies which include soil carbon enrichment. 

Functioning soils are critical for ensuring the availability of a number of ecosystem services 

(Smukler et al., 2012, p.17) through natural cycles that encourage the growth of soil fauna and 

flora, improves the process of new soil formation and structure, thus creating more stable 

ecological systems. As a consequence of ecological stability, the cycling of energy and nutrients 

in soil increases in parallel with soil biodiversity (WinklerPrins, 2014, p.238), and the retentive 

abilities of the soil for nutrients and water are enhanced. These factors further improve the 

effectiveness of soils against erosion.  

The cumulative losses of soil in Haiti have impacted the biogeochemical cycling of 

energy and nutrients, resulting in severe carbon poverty that transcends environmental, 

agricultural, social and economic systems. These systems rely upon functioning soils in order to 

transfer ecological services that are essential to human livelihood, but the progressive loss of up 

to 90% of original stores of soil (Johnson-Williams, 2011) has plunged the Haitian territory to 

the edge of ecological collapse. Recognizing that Haiti’s environmental crises have been 

triggered by net carbon loss from ecosystems budgets, the response necessitates a reinvestment 

of carbon back into soils. This may be done through practices that consider soil restoration as a 

precursor to afforestation and agricultural activities.  

Methods of human incorporation of carbon into soils for the creation of anthroposols 

have been practiced in agricultural civilizations over centuries of development. Among them, the 

application of composted material has been one way that soil organic matter (SOM) has been 

used in the modification of soil properties. Recognizing the value of pyrogenic carbon in carbon 
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sink, soil fertility, soil habitat modification, and the generation of non-pyrogenic carbon, 

advocates for its use as soil amendment include researchers such as Johannes Lehmann 

(Lehmann et al., 2011), Julie Majors (2011), Lal (2011), and McLaughlin (2010b). The benefits 

of pyrogenic carbon - more recently referred to as biochar - have been demonstrated in 

Amazonian soils by pre-Columbian Indians, the effects replicated in studies carried out by many 

of the researchers mentioned.  

The basis of this study is that there is the need for an examination of soil remediation 

strategies in vulnerable terrestrial environments in Haiti, particularly where agriculture and 

forestry together will provide immediate livelihood benefits. Three factors inform the decision to 

test the application of a biochar/compost synergy for the creation of anthroposols on terrain 

depleted of organic horizons. The first is that the effects of compost applied as a single 

amendment confers only short term benefits, most of the available nutrients quickly assimilated 

or leached away over one or two cropping cycles. The second factor is that in its pure natural 

state, biochar contains low amounts of plant nutrients which must be supplied from an external 

source (Fischer & Glaser, 2012, p.183) to convey benefits to plant systems. The synergy created 

between compost and biochar therefore has the potential for delivering sustainable soil 

amelioration even in depleted environments.  

A third important factor informs the development of objectives outlined in this study. 

Through the use of chronsequences on dated soil surfaces, it has been demonstrated that the 

natural development of mature soils requires thousands of years, about 1,500 to 7,000 years 

(Alexandrovskiy, 2007, p. 284). Through the natural soil building process of pedogenesis, 

mature soils become distinguished by the presence of distinctively textured or colored layers or 

horizons. Over time, the uppermost and most organic horizons develop in both depth and 
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darkness of color. This process is accommodated by both microbes and macroscopic plants 

through the exchange of nutrients during the interface between leaf litter and humus formation at 

the soil surface (Jenny, 1994).  

As is true in the case of Haiti, most of the rainforest and savannah environments where 

mature soils predominated have become irremediably lost by degradation of the soil ecosystem 

due to erosion, compaction, and nutrient lixiviation (Federoff, 2011, p.2). Without the luxury of 

waiting 1500 years for natural process to replace lost soils in Haiti, a feasible strategy is found in 

the application of man-made mixture of soils composed of a recalcitrant carbon portion (biochar)  

and a labile carbon portion (organic compost) that readily avails itself as plant nutrient. This 

synergy of compost and biochar eventfully begins to mimic natural pedogenesis, speeding up the 

process considerably, from hundreds of years to mere months.  

Given the considerable reduction in the time it takes to observe functional soil derived 

from the compost/biochar synergy, an adjustment upon Jenny’s (1994) equation is suggested for 

the process of human influenced soil or anthropedogenesis.  

1. Jenny’s equation is: Soil=f(Cl, O, R, P, T)  

Where f = factors or variables, Cl = climate, O = organisms, R= topography, P = parent 

material, T = time 

2. Adjusted equation is: AS=f(Cl
x
, O, P, T

-y
)  

Where AS = Anthropedogenic soil, f = factors or variables, Cl
x
= controlled climate for 

production of biochar and compost, O = organisms, P = parent material of biochar and 

compost, T
-y

 = the reduction in time taken to create functional soils using biochar/compost 

synergies [The factor R=topography is irrelevant in the adjusted equation] 
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The term ‘anthropedogenic’ connotes human manipulation for the acceleration of the soil 

creation process by deliberate influence upon the factors of climate and time. These factors are 

influenced even before the compost/biochar synergy is created. For compost, heat is induced 

through the proliferation of aerobic bacteria, while controlled amounts of water are applied to 

regulate the composting process. The influences of moisture and heat upon the production of 

biochar include the processes of dehydration, distillation, gasification and pyrolysis.  

Bearing these processes in mind, the main objectives of this study were to:  

1. Demonstrate the soil ameliorating strategy of ‘restorative anthropedogenesis’ through the 

synergistic blending of compost and biochar for the formation or restoration of ‘O’ and 

‘A’ soil horizons 

2. Investigate change in the characteristics of restored soils compared to original conditions, 

using ANOVA to assess significance in the following soil variables: Cation Exchange 

Capacity (CEC), organic content, mineral content, pH, and earthworm counts. 

 

Materials and Methods - Study Site and Soil Characteristics 

 

While the purpose of this study was to determine the practicality of using 

compost/biochar synergies to amend and restore degraded soils in Haiti, control over the project 

necessitated a proxy evaluation which was carried out in Florida, the findings and implications of 

the experimental study extrapolated to the Haitian context. The exact study site of the Florida 

plot was North Fort Myers, at ECHO Farm which is situated approximately 1.2 miles north of 

the Caloosahatchee River, and approximately one mile east of Interstate 75. The United States 

Department of Agriculture (USDA) categorizes the soils found on this site as a mix of Oldsmar-
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Malabar-Immokalee sands. These soils create nearly level landscapes which in natural systems 

have accommodated flatwood habitats predominated by pines and understory palmettos. Usually 

acidic as a result of the predominance of pines, soils in the area are poorly drained, deep sandy 

soils having a sandy, organic-stained subsoil underlain by a loamy subsoil (USDA, 1984, p.7). In 

some areas of this soil mix - as identified at the test site -the loamy subsoil is absent, the horizon 

showing just a sandy organic-stained subsoil.  

The entire plot site measuring 40 x 125 ft (5,000 ft
2
) was originally subdivided into five 

fuelwood subplots each 40 x 25 ft (1,000 ft
2
) in 2003 by ECHO staff. In 2013 there were 209 live 

fuelwood trees and shrubs within the plot, the predominant species being Leucaena 

leucocephala, Moringa oleifera, Calliandra calothyrus, and Muntingia calabura. During the 

decade from 2003 to 2013, the site had benefitted from leaf fall from these hardwood species, 

producing a one to two inch layer of leaf litter on the soil surface upon which the native weed 

species Bidens alba (Spanish needle) was dominant in the canopied areas, while the invasive 

grass species Guinea grass (Megathyrsus maximus, formerly Panicum maximum) predominated 

on the eastern end of the plot where there was more direct sunlight. A pH reading of 6.4 was 

measured across the plot. Figure 12 illustrates conditions in the fuelwood plot prior to the 

conduct of the soil study.  
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Figure 12: ECHO Fuelwood plot layout 

 

To set up the soil study activity, each subplot was cleared of underbrush, twigs, foliage 

and weeds which were placed in long piles in the swales marked A, B, and C. Swale D as well as 

the subplots on the extreme ends - subplot #1 and subplot #5 - were then left as control areas, 

while subplots 2, 3, and 4, and swales A, B, C were the focus of restorative anthropedogenesis. 

Two distinct approaches were used in the development of anthroposols. The first approach to 

anthroposols creation utilized a straightforward design in which subplots #2, #3, and #4 were 

further subdivided into quadrants, and compost applied to a 2 inch thickness atop the pre-cleared 

cleared sandy soil surface. As shown in Table 3 below, the compost pH was measured at 7.6 

prior to its application atop the soil surface at a rate of 1200 pounds in subplots #2 and #4 (24 

wheelbarrow loads).  

A second, different approach was used in the building of conucos. In the swale areas, 

‘Trench Conucos’ were built using the foliage biomass cleared from beneath the canopy, and 



Running Head: ADVANCING AN INTEGRATED FOOD ENERGY SYSTEM IN HAITI    144 
 

green weeds and brush were mixed into this material up to 1 ft. high, in an ad-hoc manner that 

mimicked the way in which pre-Colombian Indians constructed conuco mounds. Bargout and 

Raizada (2013) describe the construction of conuco mounds by Taino Indians as being a 

sustainable agronomic practice which prevented soil erosion on the steep hillsides of the Island 

of Hispaniola. For the purpose of this study, I define a Trench Conuco as a long mound 

consisting of fresh and dry biomass material and aggregates of various sizes, upon which blends 

of finished compost and biochar have been added to accelerate the soil building process. 

Compost and biochar treatments were later applied to pre-selected areas along the length of the 

Trench Conucos. Photos 6 and 7 depict the transition from swale to Trench Conuco.  

 

             

 

Two ‘Mound Conuco’ mounds were built on opposite ends of subplot #3. These were 

piled into a round hill measuring 3 ft. in height and approximately 4 feet in diameter. I define a 

Mound Conuco as an area in which both fresh and rotted biomass material and aggregates of 

various sizes have been built up to a height of 3 feet or more, atop which finished compost and 

Photo 6: Cleared swale Photo 7: Trench Conuco built in swale 
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biochar have been added to accelerate the soil building process. Establishment of the Mound 

Conucos is depicted in photos 8, and 9. 

         

Source of Compost 

The compost used in the study was acquired from a commercial production center which 

creates the material from shredded horticultural wastes composted in 20 foot windrows over a 

period of three to four months. The resulting compost is sifted to remove large particles 

including extraneous materials before being placed in storage areas where the composting 

process gradually ceases. Laboratory analysis of pH and nutrient content was conducted on the 

material prior to its application on field plots. The analysis was done at the University of Florida 

Soil Testing Laboratory in Gainesville, Florida. Table 3 shows the analysis. 

 

Photo 8: Beginnings of a Mound 

Conuco 

Photo 9: Conuco mounded and 

topped with compost and biochar 
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Biochar Sources 

The biochars used in the synergies with compost were pyrolyzed from four different 

sources and two different plant species. Pyrolysis was done in TLUD systems, the design in each 

case consisting of a single steel barrel with a chimney placed on top. Table 4 shows the types of 

chars, their original plant sources and the temperatures at which they were pyrolyzed.  

Table 4: Experimental Biochars 

Char ID Plant Source Pyrolysis temperature pH 

Char #1 Live Oak Firewood ~530 
o
F/277 

o
C 8.3 

Char # 2 Live Oak Firewood ~545 
o
F/295 

o
C 8.3 

Char #3 Live Oak Branches ~400 
o
F/285 

o
C 7.6 

Char #4 Sabal Palm Branches ~565 
o
F/296 

o
C 8.4 

  

 

 

Table 3: Compost analysis showing pH and nutrient content in parts per million (ppm) 
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Photo 10 (series): Making biochar in a TLUD oven 

       

 

       

 

Laboratory Analysis – Chars 

Samples of the four types of biochar listed in Table 4, each approximately 25 grams in 

weight, were submitted for laboratory analysis. The assays were conducted by Dr. Hugh 

McLaughlin (Alterna Biocarbon Inc.) using the R134a adsorption capacity mapping of the 

Gravimetric Adsorption Capacity Scan (GACS) analytical technique. Assays were done to 

determine the adsorption capacity of each char as it relates to the potential for water and nutrient 

adsorption and retention in soil. The GACS measures the difference in the adsorption capacity of 

Air flow control at barrel 

base 

Hole to allow air updraft Biomass (Palm Fronds) 

TLUD pyrolysis in action Dousing the glowing char Finished, cooled biochar 
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the experimental chars for R134a (a common gas used in automotive cooling systems), compared 

to benchmark chars. Due to its density and relative difficulty to be adsorbed compared to other 

probe molecules such as nitrogen, carbon dioxide or butane, R134a is used in the determination 

of adsorption capacity of chars.  

The GACS process involves heating the dry sample of biochar up to 300C °C at around 

2°C/minute, and measuring moisture loss and weight of the sample at each interval. The flow of 

R134a (gas) is then switched on, and the chamber is allowed to cool down. The percentage 

weight gain of the sample once the weight stabilizes at around 100°C is a measure of the gas 

adsorbed. The percentage weight gain is thus a predictive tool for the adsorption capacity of the 

experimental biochar. Once the adsorption capacity of each chars was determined it was 

compared to a series of reference chars kept in a database of previously assessed biochars. The 

GACS results, indicating adsorption capacity from 4 - 5.5% are shown in Figure 13. The chars 

under examination are referred to as #1 to #4. 

 

 

Figure 13: GACS analysis of Four Experimental Biochars 
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Plot Design and Biochar Treatments 

The control areas in the evaluation were subplots #1 and #5, and Trench Conuco ‘C’. The 

existing swale between subplots #4 and #5 was left undeveloped and therefore functioned as a 

control area in the design. Treatment areas for the evaluation were subplots #2, #3, #4, Trench 

Conucos ‘A’ and ‘B’, and Mound Conucos ‘X’ and ‘Y’. The entire activity across the fuelwood 

plot is illustrated in Figure 14. 

Figure 14: Plot design of compost/biochar synergy for evaluation of anthroposols 

 

 

Biochar applied to treatment areas in the fuelwood plot was pulverized to sizes ranging 

from 0.5 to 1 cubic centimeter. The research was focused on soil pedogenesis, therefore, no 

attempt was made to compare results based on the performance of any single biochar. Based on 

this focus, biochar from all four sources were mixed and applied to the treatment areas at the 
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minimum suggested rate of 5 tonnes per hectare or 2.08 tonnes per acre (Major & Wilson, 2010, 

p.222). Given the total area of the fuelwood plot at 5,000 ft
2
, the required amount of biochar at 

the rate adopted was 506.1 pounds. Based on this measurement, 101.22 pounds of biochar was 

required for each treated subplot.  

The area occupied by each Trench Conucos was calculated to be 
1
/6

th
 the size of the 

treatment area of each subplot, therefore 16.6 pounds of biochar was applied in these treatment 

areas. Mound Conucos were ½ the size of Trench Conucos in terms of biomass content, so 8.3 

pounds of biochar was the calculated treatment application. For each subplot quadrant treated 

with biochar, the material was raked into the compost layer without disturbing the sandy soil 

horizon below. This allowed for the application of the biochar/compost synergy down to a depth 

of 2 inches, forming a shallow organic horizon. Biochar was applied to the conucos by broadcast 

on top of the piles. 

Empirical Observations (1) - Mushroom Blooms 

The material was allowed to sit undisturbed for 12 weeks before any soil material was 

collected for sampling. Observations were however made at weekly intervals to determine signs 

of plant growth or other phenomena occurring on the soil synergies compared to control areas. 

Subplot quadrants and Trench Conucos treated with biochar/compost synergies sprouted 

mushrooms 7-10 days after application. In the areas treated with compost only, a mushroom 

bloom was observed at day 15. One reason for the difference observed between the two areas 

may be the result of the capacity of biochar to hold water and improve air ratios in the soil 

(Ouyang, et al., 2013, p. 991), thus enhancing the propagation of native fungal mycelium 

(Fischer & Glaser, 2012, p.184).  Mushroom growth was not observed in any of the control 
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areas. No mushroom growth was observed on the Mound Conucos during the timeframe, perhaps 

due to high temperatures as the materials composted. 

Photo Series 14: Mushrooms – Amanita sp, growing on anthroposols.  

   

 

According to Stamets (2005, p.14), the presence of mushrooms indicates a healthy soil 

environment accommodative to mycelium mats from which the blooms eventually emerge. 

Mushrooms attract soil dwelling insects which are drawn by the mushrooms scents, the insects 

finding a food source for their larval stages, and the mushrooms benefitting by the movement of 

insect larvae that transport fungal spores into new areas of soil. These cycles of events generate 

ecological relationships which lead to the creation and stabilization of soil habitats that are 

conducive to the proliferation of microbial biomass and the growth of higher plants.  
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The combination of carbon rich and nitrogen rich materials, as well as compost placed in 

the Mound Conucos caused heat build-up similar to that observed in hot compost piles. This 

observation provided some insight into how the Tainos of Hispaniola created anthroposols that 

helped to protect the hillsides from erosion. Taino Indians may have practiced a type of rapid 

composting method through the Conuco technique, this occurring in an ad hoc manner as they 

cleared land in a meandering terraced pattern on the hills of Hispaniola in preparation for tuber 

crop production. As the Mound Conucos rapidly composted on the test site, organic material 

attracted a wide variety of soil-building insects including millipedes, pillbugs, termites, and 

earthworms. Observed by week 5, black soil had formed at the bottom of the mounds, and most 

of the pile (except large pieces of hardwood and rocks) had composted by week 8.  

Empirical Observation (2) - Earthworm Counts (EWC) 

Earthworm counts were conducted across all areas at week 12. To avoid bias, the counts 

were done early in the morning when conditions were cool and moist, and the probability of 

finding earthworms in the drier sandier control areas was higher. Additionally, the timing 

coincided with a 2 inch rain event in the 24 hours prior to the assessment. Four replicates were 

used per test area, and each replicate position within the subplot quadrant was chosen at random. 

For each count, an area of 1 ft
2
 was marked out, the entire visible anthroposol horizon scraped 

into a container with a garden trowel to expose the sandy subsurface, and earthworms found in 

the collected soil collected and counted. 

In the control areas, soil was removed down to 4 to 6 inches where earthworms are more 

likely to be found. Collection of the soil and worm counts was conducted in the same manner as 

done in areas with anthroposols. The earthworm counts (EW counts) revealed a sum of 183 
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(86.7% of total) specimens in areas with biochar, 24 (11.3% of total) in areas with compost only, 

and 4specimens (1.8% of total) in control areas. Earthworm species identified in the counts 

included Amynthas and Diplocardia, these being among the species listed by Reynolds (2014, p. 

39) to be found in Lee County, Florida. However, approximately 65% of the worm species 

identified from the test site was Pontoscolex corethrurus, an endogeic soil compacting 

earthworm that has colonized most land transformed by human activities in tropical humid 

environments around the world (Marichala et al., 2010).  

Photo 12 (series): Conducting Earthworm Counts  

      

A habitat classification term, endogeic refers to earthworms which burrow continuously 

in the rhizosphere to form a network of vertical and horizontal channels, the majority of which 

are horizontal (English Encyclopedia, 2014). As they burrow, endogeic worms ingest large 

amounts of soil, digest the organic matter from the ingesta, and then excrete the mineral 

component of the digested material back into the burrow (Crow, 2012). P. corethrurus is a soil 

compacting earthworm species, producing large coalescent macro-aggregates (>1cm) which are 

known to increase soil bulk density and decrease water infiltration. These factors occurring 

together may cause strong compaction of the soil surface. This effect of P. corethrurus activity is 
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however negated in the presence of other earthworm species which reprocess the coalescent 

materials, thus reducing the size of the aggregates (Topoliantz &Ponge, 2003, p. 267).   

When earthworms ingest plant matter and then expel the more broken down forms of 

mineral and organic materials in its castings, the process of decomposition is accelerated. 

According to Crow (2012), the most easily recognized ecological role of earthworms is that of 

organic matter decomposition by digestion. Worm castings typically have higher microbial 

activity and higher concentration of plant-available nutrients than the original material, so by the 

natural process of feeding in the soil, earthworms aid in nutrient cycling. 

Photo 13 (series): Expansive Worm Castings on Biochar/Compost Synergy 

  

Topoliantz and Ponge (2003) report that Pontoscolex corethrurus is frequently found in 

burnt tropical soils where charcoal plays an important role in soil fertility. Their study found that 

the incorporation of charcoal particles into organic-poor soil was directly correlated to the 

activity of P. corethrurus. The authors identified through their evaluations that the adaptation of 

P. corethrurus to charcoal and fallow soil exists, the finding being highly supportive of the 

observed distribution of this earthworm species in tropical open lands exposed to slash and burn 
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activity. When living in fallow soils amended with char, worm populations defecated more at the 

surface of the mixture of charcoal and soil than they do at the surface of pure soil. This 

observation was also made in this study at the ECHO fuelwood plot. An associated and notable 

observation is that this behavior of earthworms contributes directly to the gradual thickening of 

the ‘O’ horizon. 

Marichala et al., (2010) report that in areas where populations of P. corethrurus are 

introduced, they can change soil physical properties by positively affecting soil biogeochemical 

processes and microbial communities. It was identified that when present in soils under the 

influence of anthropogenic activity, P. corethrurus had no negative effect on native endogeic 

earthworm species. The study showed that communities of epigeic and endogeic earthworms 

actually increased in density in the presence of P. corethrurus, suggesting the ‘absence of 

competitive exclusion’ in the behavior of this worm species ((Marichala et al., 2010, p.443). 

Empirical Observation (3) - Change in Soil Profile 

All treatment areas were examined at week 14 to determine the state of soil horizons. The 

examination was done by digging into the soil down to 8-10 inches to expose a profile of the 

upper soil horizons. The immediacy of the formation of a deep organic horizon (O horizon) atop 

the sandy soils was expected and observed in areas where both trench and mound conucos were 

constructed. On areas treated with compost only, the profiles revealed a 2 inch organic layer 

comprised mainly of the compost material applied on top of the sand surface. Fallen leaves and 

seedpods from canopy shrubs constituted a sparse scattering of organic material on top of the 

compost layer. Only imperceptible changes, if any, were anticipated on subplot quadrants treated 
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with biochar/compost mixtures. Profiles however revealed a deeper organic horizon measuring 

3-4 inches. These measurements as photographed are shown in Photos 14 and 15 below.  

 

                  

Since no other identifiable contributive variable existed at this point, the most reasonable 

explanation for the genesis of this deeper ‘O’ horizon compared to that found in other treatment 

and control areas is the cumulative activity of earthworm communities. Topoliantz and Ponge 

(2003) have shown that the burrowing behavior of P. corethrurus and other earthworm species 

create a network of vertical and horizontal channels in topsoil. By virtue of the feeding and 

excretion patterns of earthworms, these channels act as tubular veins of organic matter between 

the organic (‘O’) horizon and deeper ‘A’ horizon, accommodating fungal mycelia and plant roots 

as the soil ecosystem improves. The improved conditions cause the organic horizon to deepen. 

 

Photo 14: ‘O’ horizon at 2 inches average 

(Compost only) 

Photo 15: ‘O’ horizon at 4 inches average 

(Compost/Biochar) 
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Soil Sampling and Analysis 

At the 12 week interval following compost/biochar application, soil samples from treated 

and untreated areas were collected. Together with samples collected before the compost/biochar 

synergisms were applied, a total of 18 samples were sent to the University of Florida Soil 

Testing Laboratory for analyses. Laboratory analyses were conducted for eight variables. These 

constituted the measurement of phosphorus (P), potassium (K), magnesium (Mg), and calcium 

(Ca) levels in parts per million (ppm). Additionally, pH, percent organic matter (%OM), and 

cation exchange capacity (CEC) were measured. Table 5 presents all findings including 

earthworm counts (EW Count) discussed in the preceding section on empirical observation. 

 

 

 

Table 5: Soil Analyses  
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Data Analysis 

The data presented in Table 5 were statistically analyzed using the Microsoft Excel 

2008 data analysis tool to perform a Two-Way analysis of variance (ANOVA) with 

replication. Two-Way ANOVA is interested in Main Effect of factor A, Main Effect of 

factor B, and Interaction of A and B. Thus, there is partitioning of the variance into the 

parts caused by A, B, InteractionAxB, and Error. This being calculated, the analysis 

compares the variance associated with each thing of interest to error variance to see if each 

effect is meaningful. For this experiment, the interest lies in determining whether there is 

any interaction or influences between the soil factors (compost only, and biochar/compost 

synergy) and difference (i.e., improvements) observed in soil nutrients, pH, cation 

exchange capacity, percent organic matter, and earthworm counts. Computationally, Two-

Way analysis tests three null hypotheses (H0), one for the rows in the table, and the other 

for the columns. As applied to this experiment, these null hypotheses are:  

(1) H01: there is no significant difference in performance between the population 

means of the factors (i.e., compost, or biochar/compost synergy). 

(2) H02: there is no significant difference between the population means of each of 

the levels under examination (i.e., ppm of soil nutrients, pH, cation exchange 

capacity, percent organic matter, and earthworm counts). 

(3) H03: there is no interaction between the two factors 

In a Two-Way ANOVA (AKA factorial experiment) with factor A at a levels and 

factor B at b levels, the formula can be written as:  

Yij=μ+τi+βj+γij+ϵijk 
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…where μ  is the overall mean response, τi  is the effect due to the i-th level of factor A, 

βj  is the effect due to the j-th level of factor B and γij  is the effect due to any interaction 

between the i-th level of A and the j-th level of B. The calculations for Main Effect were 

done with the use of Excel data analysis tool which generates the results automatically and 

presents the results in tabular arrangements.   

Further analysis was conducted on the independent variables by One-Way 

ANOVA. As a statistical calculation, One-Way ANOVA determines ‘significance’ by 

measuring two sources of variation in the data, and comparing their relative sizes. In the 

first instance there is measurement of variation between-groups. For between-group 

measurements, each data value is examined to determine the difference between its group 

mean and the overall mean. In the second instance, variation within-groups are determined 

by measuring each data value to identify the difference between that value and the mean of 

its group. The calculation of between-group and within-group variations are called sums of 

squares (SS), and this is essentially a statistical comparison of the mean (M) of each group 

with the overall mean of the data. Whether the differences between the groups are 

significant depends on the difference in the means (df), the standard deviations (SD) of 

each group, and the sample sizes (N).  

For the One-Way ANOVA, a single null hypothesis is offered. For this experiment, 

the null hypothesis is:  

H01: biochar is not a significant factor impacting the dependent variables. 

The mathematical equation for ANOVA may be written as:  
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xij = μ i + ε ij 

…where x are the individual data points, i and j denote the group and the individual 

observation, μ denotes the population means of each group, and ε is the unexplained 

variation. Thus, each data point represented as xij is its group mean plus error. The 

calculations required for the One-Way ANOVA were partly done by hand, and with the 

use of Statistics Calculators Version 3.0 Beta which computes the variance and provides 

the results in tabular arrangement.  

Results – Two-Way ANOVA 

Two-Factor ANOVA with Replication was conducted to evaluate the effects of a 12 

week old soil synergy (biochar/compost) and compost only application on the performance of 

several dependent variables. The analysis specifically examines parts per million changes in 

phosphorus, potassium, magnesium and calcium; and pH, percent organic matter, cation 

exchange capacity, and earthworm counts. The statistical results of the analysis of variance are 

presented in Table 6. 

 

 

Two-Way ANOVA With Replication 

    Source of Variation SS Df MS F P-value F crit 

Sample 7861774.737 12 655147.9 2.697464 0.003732406 1.860124 

Columns 237297644.4 6 39549607 162.839 2.01032E-46 2.199905 

Interaction 29806581.94 72 413980.3 1.704496 0.008136876 1.439805 

Within 22101670.82 91 242875.5 

   

       Total 297067671.9 181         

       

Table 6: Two-Way ANOVA 
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An alpha level of 0.05 was used for the initial analyses. The results for the two-way 

ANOVA indicated a significant main effect for the independent factors, F (2.69) > Fcrit (1.86), p-

value < 0.0037.  Since the p-value for the sample = 0.037 < 0.05 = α (or F = 1.62 > Fcrit = 

1.55) we reject the null hypothesis (H01), so that at the 95% level of confidence we conclude 

there is significant difference in the effect produced by the two soil factors under examination. 

In the analysis of the dependent factors (columns), the p-value = 2.01 > 0.05. However, 

the calculated Fobserved is greater than Fcritical (F=162.8 > 2.19=Fcrit). A large F ratio is observed 

when the null hypothesis is wrong, so we reject the null hypothesis (H02), and conclude there is 

significant effect on the factor variables.  

Since the p-value for interaction between the two factors = 0.008 < 0.05 = α (or F = 1.74 

> Fcrit = 1.43), we know that there is interaction between the treatments (InteractionAxB), so at the 

95% level of confidence we reject the null hypothesis (H03) that there is no interaction between 

the two factors. 

Results – One-Way ANOVA  

One-Way ANOVA was conducted to evaluate significance on the mean values of 

eight variables under two soil treatments – compost, and biochar/compost. The eight 

dependent variables comprised parts per million (ppm) of phosphorus, potassium, 

magnesium and calcium; and pH, percent organic matter, cation exchange capacity, and 

earthworm counts. Configured this way, one-way ANOVA determines whether the 

different means obtained are significantly different from one another. The results of the 

one-way ANOVA calculations for significance on each variable are presented in the 

following tables. 
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ANOVA   (%OM) 

     Source of 

Variation SS df MS F P-value F crit 

Between Groups 12.37407 2 6.187033 2.687493 0.088471 3.402826 

Within Groups 55.2518 24 2.302158 

   Total 67.62587 26         

Significance (p-value = 0.08 > 0.05 = α, or F = 2.68 < Fcrit = 3.40) calculated in the 

one-way ANOVA indicate that the presence of biochar in the synergy was not significant 

for %OM. The null hypothesis (biochar is NOT significant for this variable) cannot be 

disregarded. 

   

ANOVA  (CEC) 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 523.3214 2 261.6607 1.605347 0.221646 3.402826 

Within Groups 3911.838 24 162.9932 

   Total 4435.159 26         

Significance (p-value = 0.22 > 0.05 = α, or F = 2.68 < Fcrit = 3.40) calculated in the 

one-way ANOVA indicate that the presence of biochar in the synergy is not significant for 

CEC. The null hypothesis (biochar is NOT significant for this variable) cannot be 

disregarded. 

 

 

 

Table 7a: Organic Matter ANOVA 

Table 7b: Cation Exchange Capacity ANOVA 
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ANOVA (EWC) 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 2137.852 2 1068.926 40.44989 2.06 3.402826 

Within Groups 634.2222 24 26.42593 

   Total 2772.074 26         

Significance is calculated in the one-way ANOVA, given that (F = 40.4 > Fcrit = 

3.40). Fobserved (>40) is unlikely to be due to chance. The null hypothesis (biochar is NOT 

significant for this variable) should be rejected. The presence of biochar in the synergy is 

significant for Earthworm Counts.  

 

ANOVA (ppm Ca) 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 12166444 2 6083222 3.208925 0.058209 3.402826 

Within Groups 45497274 24 1895720 

   Total 57663718 26         

       

Since the p-value for the variable = 0.058 > 0.05 = α (or F = 3.2 < Fcrit = 3.40) we 

cannot reject the null hypothesis. The margin of error between the p-value (0.058) and 

alpha (0.05) is however very small. 

 

 

 

Table 7c: Earthworm Count ANOVA 

Table 7d: Parts per Million of Calcium ANOVA 
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ANOVA (ppm K) 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 64329.41 2 32164.7 7.412519 0.003113 3.402826 

Within Groups 104141.8 24 4339.241 

   Total 168471.2 26         

       

Significance (p-value = 0.003 < 0.05 = α, or F = 7.41 > Fcrit = 3.40) calculated in 

the one-way ANOVA indicate that the presence of biochar in the synergy is significant for 

ppm K. At the 95% level of confidence we conclude that biochar is significant for 

potassium. 

 

ANOVA (ppm P) 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 199089.6 2 99544.78 4.423319 0.023155 3.402826 

Within Groups 540109.1 24 22504.55 

   Total 739198.7 26         

       

Significance (p-value = 0.023 < 0.05 = α, or F = 4.42 > Fcrit = 3.40) calculated in 

the one-way ANOVA indicate that the presence of biochar in the synergy is significant for 

ppm P. At the 95% level of confidence we conclude that biochar is significant for 

phosphorus. 

 

 

Table 7e: Part per Million of Potassium ANOVA 

Table 7f: Parts per Million of Phosphorus ANOVA 
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ANOVA (ppm Mg) 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 287688.1 2 143844 1.012952 0.378151 3.402826 

Within Groups 3408116 24 142004.8 

   Total 3695804 26         

       

Significance (p-value = 0.37 > 0.05 = α, or F = 1.01 < Fcrit = 3.40) calculated in the 

one-way ANOVA indicate that the presence of biochar in the synergy was not significant 

for ppm Mg. The null hypothesis (biochar is NOT significant for this variable) cannot be 

disregarded. 

 

ANOVA (pH) 

      Source of 

Variation SS df MS F P-value F crit 

Between Groups 0.008889 2 0.004444 0.053571 0.947951 3.402826 

Within Groups 1.991111 24 0.082963 

   Total 2 26         

       

Significance (p-value = 0.94 > 0.05 = α, or F = 0.05 < Fcrit = 3.40) calculated in the 

one-way ANOVA indicate that the presence of biochar in the synergy is not significant for 

pH (alkalinity). The null hypothesis (biochar is NOT significant for this variable) cannot 

be disregarded. 

 

 

Table 7g: Parts per Million of Magnesium ANOVA 

Table 7h: Alkalinity ANOVA 
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Use of SAS for analysis of soil amendment treatments and methods 

Soil test results data were coded on the basis of the Statistical Analysis System (SAS) in 

order to calculate ANOVA for each dependent variable across each amendment treatment and 

within each experimental method. This methodology allowed for in-depth analysis of the 

performance of compost, and compost-biochar (Amendment) between conuco, and non-conuco 

(method) areas. The ANOVA for type III sums of squares was used to perform the statistical 

analysis for main effect. Table 8 presents the data. 

 

 

 

Table 8: Soil test data arranged by SAS System Code 

Key for Table X 

Con = conuco 

NonCon = non conuco 

CP = compost 

CPBCHR = compost-biochar 

None = no compost or compost-biochar 
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ANOVA Results 

Using SAS statistical method, the hypothesis of interest is about the significance of 

interaction between conuco method and biochar/compost amendment, while controlling for the 

level of the other factors. The null hypothesis for this assessment is that there is not an 

interaction of method and amendment. Alpha level is set at 0.05 - the probability of a Type I 

error, so that if the P-value (Pr>F) is less than alpha, there is failure to reject the null hypothesis 

that method and amendment do not interact, and main effect is thus statistically observed. 

Results are tabulated in Table 9. 

          

 

Table 9: ANOVA results of treatments and methods 
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Results analysis for SAS 

As shown in Table 9, the ANOVA calculations reveal main effect from soil amendment, 

experimental method and the interaction of amendment and method on parts per million of 

calcium (Ca ppm) and Cation Exchange Capacity (CEC). Main effect from soil amendment is 

also revealed for all variables except parts per million of magnesium (Mg ppm) and pH. The 

only variable for which the null hypothesis cannot be rejected is pH, as main effect is not 

observed from any independent variable. Analysis of the results data reveals that the soil 

amendment method – both conuco and non-conuco methods with biochar – applied in the field 

situation plays a role in the process of soil amelioration, and this has real world implications for 

biochar approaches.         

Follow Up – Snow Peas Growth Rate Trial  

A follow up experiment was conducted in February 2015 to assess the capacity of 

anthropedogenic soils to sustain leguminous food crops after 5 months of aging. An 

indeterminate variety of Snow-peas (Pisum sativum) was planted on subplot # 2, two replications 

made on each of both the compost-only areas and on the biochar synergy areas to compare 

growth rates of the plants. Each row contained 9 plants for a total of 18 plants in each test 

quadrant. A simple split plot design methodology was used to compare between compost-only 

soil and biochar synergy soil.  

Results – Snow Peas Growth Rate 

A germination rate of 100% was observed in all areas. The length (measured after being 

pulled outwards) of snow peas plants taken at 5 weeks are shown in Table 10.   
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Quadrant Length of snow peas in inches along row 

2A (char) 18 17 12 24 20 26 14 26 24 

  14 19 16 20 14 24 15 26 25 

2B 

(nochar) 12 12 16 24 12 18 16 18 24 

  11 14 12 19 11 19 13 20 22 

2C (char) 19 21 17 13 17 23 16 26 19 

  18 17 27 21 17 18 19 23 22 

2D 

(nochar) 15 13 17 19 13 20 17 15 13 

  12 15 18 12 20 14 19 21 11 

 

Analysis 

The trial was conducted to determine the effect of anthropedogenic soils on the 

growth rate of snow peas. The analysis focused on height comparison between the lengths 

of all pea vines in areas with compost-only and lengths of all pea vines in biochar synergy 

soils. One-Way ANOVA was conducted to assess significance. For this experiment, the 

null hypothesis is offered as:  

H01: Anthropedogenic soil is not a significant factor impacting the growth rate of 

snow peas 

The results of the One-Way ANOVA calculations for significance are presented in Table 11.  

 

 

 

Table 10: Length of Snow Peas at 5 weeks  
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SUMMARY 

       Groups Count Sum Average Variance 

   Anthropogenic soils 36 707 19.63889 17.8373 

   Compost only 36 577 16.02778 14.42778 

   

        ANOVA 

       Source of Variation SS df MS F P-value F crit 

 Between Groups 234.7222 1 234.7222 14.54961 0.000291 3.977779 

 Within Groups 1129.278 70 16.13254 

    Total 1364 71         

 

The ANOVA summary table indicates an average pea vine length of 19.6 inches in 

anthropedogenic soils versus 16.0 inches in compost only. Significance (p-value = 0.00029 

< 0.05 = α, or F = 14.54 > Fcrit = 3.97) calculated in the one-way ANOVA indicate that the 

anthropedogenic soil influenced the growth rate of snow peas. At the 95% level of 

confidence we conclude that the presence of biochar is responsible for the significance 

observed.  

Discussion 

The results derived from the Two-Way ANOVA show that there is Main Effect upon, 

and Interaction between the biochar synergy and the tested variables. The statistical evidence 

gathered from the One-way ANOVA conducted on the variables is that at the 95% level of 

confidence there is significant impact on three distinct variables – potassium, phosphorus, and 

earthworm counts. That the null hypothesis from the One-Way ANOVA could not be rejected 

for significance on %OM, CEC, ppm Ca, and pH does not eliminate Effect, Interaction and 

Significance of the biochar synergy. The findings do not preclude common sense thinking, given 

that the research timeframe of 12 weeks is comparatively narrow, and given that that the impacts 

Table 11: Length of Snow Pea Vines 
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and benefits of biochar are delivered over time as the material ages in the soil (Major, 2011, p.5). 

The study finds that biochars made from oaks and palm - when combined with organic compost 

– sharply improves the pedogenic characteristics of natural sandy soils, even during the narrow 

timeframe of three months. 

 Based on the observational findings of the research, higher comparative earthworm 

numbers provide the most distinctive evidence of the earliest effect of biochar on the Oldsmar-

Malabar-Immokalee sands of southwest Florida. As determined from the study, the cumulative 

activity of earthworm communities contributes directly to deepening of anthropogenic soil into 

the natural sand layer. This arises from the preference of earthworms (Pontoscolex corethrurus) 

for biochar-infused organic material over pure compost, and deepening of dark soil results from 

feeding and excretion patterns as the interlacing burrow channels of earthworms are engineered 

in the soil. These earthworm channels function as tubular veins of organic matter and nutrient 

distribution between the anthropogenic O-horizon (biochar/compost synergy) and the deeper sub 

horizon, accommodating the establishment of microbial habitats, and facilitating the growth of 

fungal mycelia and macroscopic plant roots. 

Evidence for the effect of biochar on increases in soil microbial biomass, and its 

accommodation of symbiotic relations between soil organisms, is supported by the research of 

Zhang et al., (2014), and by Lehman et al., (2011). Several research studies have provided 

evidence that crop yields increased when biochar is applied to nutrient-depleted tropical soils 

(Ouyang et al., 2013; Aslund, 2012; Major, 2011; Lehman & Rondon, 2006). These reports show 

that soils which have lost fertility through erosion and from the loss of organic matter will 

benefit from the addition of the stable source of carbon resident in biochar, thus contributing to 

improvements in the soil factors that accommodate macroscopic plant growth. Supportive 
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evidence is found in the snow peas experiment. Snow peas grow best in soils rich in phosphorus 

and potassium, two important nutrients influenced by the presence of biochar.  

 Developing a deeper understanding of the soil experiment dynamics is achievable using 

the SAS analysis method, as it allows for statistical observation beyond the singular impact of 

biochar upon the dependent variables. Taken into consideration are the effect of the method of 

anthroposol formation as determined through conuco and non-conuco approaches in the design, 

and the manner in which dependent variables are influenced and predicted to perform within the 

different soil amendments. The proxy evaluation therefore provides useful data that confers 

valuable information onto projects designed for achieving restorative anthropogenesis in the 

Haiti environment. 

The finding of this study is that changes in soil dynamics occurring from 

biochar/compost synergy applications triggers complex multi-level responses from soil 

organisms, their interactions leading to gradual increases in net primary productivity (NPP) as 

soil ecosystem budgets emerge. These changes, although initially minute, are cumulative over 

time and counter the factors of soil loss, offering an appropriate erosion response in degraded 

soil environments. The evidence indicates that under the conditions examined, biochar 

contributes directly to restorative processes in the soil through its functions as a catalyst on 

pedogenesis. The resulting regeneration of soils through the genesis of anthroposols broadly 

explains the process termed anthropedogenesis. The restorative value of anthropedogenesis for 

ecologically degraded environments necessitates it applications in regions such as Haiti, where it 

can form part of a larger whole systems response to ecological destabilization.    
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5.4.2 Paper 2:  In-situ demonstration of an IFES system response model in smallscale 

communities of practice in Haiti  

Abstract 

The study employed a multi-level approach to inquiry that began with a survey of 44 farmers 

across Haiti to determine the general condition of small farming. The survey results revealed the 

existence of a strong negative relationship between small farming and fuel production for 

charcoal, and also indicated the major areas of need that exists for Haiti’s farming community. 

Significant areas of need identified were farmer education, transportation and marketing 

infrastructure, land management, and energy education. Four communities from separate areas of 

Haiti were identified and brought together to assess the state of agro-ecology, and to develop 

ideas for restoring ecological interactions and ecosystem services through the adoption of a 

systems approach to farming. Both an applied research methodology and qualitative assessment 

were used to examine the practicability of rebuilding soil horizons on Haiti’s eroded parent soils, 

using blends of biochar and compost to create anthroposols by restorative anthropedogenesis. On 

the one hand the research shows that farmers are capable of identifying existing threats to their 

livelihoods, and are an effective force when brought into small communities of practice to plan 

and implement projects that impacts their lives. Additionally, it was demonstrated that restorative 

anthropedogenesis, when nested within an integrated food energy system, offers promise for 

agro-ecological resurgence in Haiti,   

Introduction 

Haiti currently exhibits severe carbon depletion which is encapsulated in long standing 

food crises triggered by loss of soils, eroded hillsides, depleted water sources, and steady 
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declines in the net primary productivity (NPP) of forest ecosystems (Bai et al., 2008, p. 229). 

Contemporary over-dependence on charcoal and wood fuel energy - within a scenario of rapidly 

disappearing forest tress - have caused domestic energy shortage, and crop failures resulting 

from acute weather events often result in significant human and livestock mortality (Castro & 

Farmer, 2003, p. 20).     

Among the most vulnerable countries in the world, Haiti’s continuing biodiversity loss 

and ecological degradation are predicted to continue at high rates under current development 

scenarios. This is partly due to the overarching momentum of global climate change impacts 

(Comin, 2010, p. 13) which are cumulative upon localized problems of unsustainable resource 

extraction. The unavoidable challenge is how to achieve food and energy security together, so 

that living standards improve without worsening the problems of environmental degradation and 

habitat loss.  

Degraded ecosystems are the origin of a significant portion of the environmental 

problems in the world, and their restoration promises substantial benefits by counteracting or 

buffering climate change impacts (Comin, 2010) while providing ecological relief to human 

livelihood systems at the same time. The most appropriate response reside in the establishment 

of a systems approach to food and energy, working within socially cohesive communities of 

practice to engender change through sustainability education that focuses action toward a 

paradigm shift in food and energy production. 

Given the state of Haiti’s ecosystems, the development of sustainable consumption and 

value chains for both food and cooking fuel are of priority importance. Working within a 
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collective framework that translates ideas into action, the end goal should ideally encompass 

three specific dimensions.   

i. Generating interest in the outcome by potential beneficiaries  

ii. Establishing an integrated food energy production system in harmony with the local 

ecology  

iii. Demonstrating value chains which allows for valuable feedback loops between the 

consumer and the food-energy farm.  

Integrational approaches are complementary to the production of food and energy when 

ecological resiliency strategies are applied throughout the entire process cycle. This is 

particularly important when large sums of money are not available to radically engineer the 

ecology into submission. Benyus (1997, p. 2) suggests that doing things by mimicking nature can 

potentially change the way food is produced, energy is developed and harnessed, and how people 

conduct business. This way of doing things provides opportunities for nature to rebound because 

of the emulation of the way natural communities grow and prosper.   

Existing at the tipping point of ecological failure, Haiti requires a revolution of agro-

ecological design in which food and energy production systems are developed along the lines of 

natural ecology, mimicking nature as they reflect the characteristics of ecologically resilient 

systems. An integrated food-energy farming system in which the farm builds the soil, and then 

recycles it to produce food and energy crops is a desirable path that should be taken. Only in 

such a design will the basic infrastructure of Haiti’s agricultural environment - the social and 

relational structures between food, fuel, and consumer - will begin to mend. 
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Methods 

Ethics statement 

Human subjects’ approval was obtained from the Prescott College Institutional Review 

Board. Informed consent was obtained from all respondents and action research participants. The 

research measure was by survey questionnaire. The first page of the questionnaire informed 

potential respondents about the study, and that their signature or the mark of ‘X’ signified 

consent to participate. For participants in the communities of practice, an ethical statement was 

read in Creole and agreement to participle was given by the raising of hands and a head count.  

The moral obligation of the entire course of the research beyond the questionnaire was to apply 

ethical behavior upon the process of observation and collaboration, because moral considerations 

require that local perspectives be honored. Throughout the entire interaction with the communities 

with which the participatory research was conducted, the varied worldviews and life experiences of 

people were regarded as valuable social factors. I maintained an acute awareness that research 

practitioners are too often locked into their own perceptions and interpretations of the situation, 

failing to fully understand the fundamental dynamics that determine the interplay between social 

behavior and natural circumstance. 

Study Construction 

 

Whole-systems approaches such as IFES counter the failed strategy of dis-integrated 

intervention in revealing longer lasting and cheaper solutions with multiple benefits. It also takes 

ingenuity, intuition, and teamwork into consideration, as everything must be considered 

simultaneously and teased apart to reveal mutually helpful methods of process (Golley, 1998, p. 

234). Teamwork implies the use of alternative methods of knowing - the concept of resiliency - 
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which means consulting with local peoples where necessary and employing the use of 

Traditional Environmental Knowledge (TEK) to better ensure the social justice of people and the 

living and non-living things in nature with whom they share mutual relationships. Moller et al., 

(2004, p.11) assert that this deliberate inclusion of people and relationships in traditional 

ecological knowledge may provide a dimension which is often missing from the realm of 

conventional science, thus providing what the authors term as a ‘humanizing ecology’. This 

approach to scientific research for problem solving avoids the top-down errors of the past, and 

ensures a more equitable use of resources and materials in a manner which stimulates new 

ecological cycles that are more viable and resilient. 

The methodology utilized for examining a systems approach to the food and energy 

complex in Haiti involved the design of a research inquiry positioned to adequately identify the 

intersectionality between ecological restoration, farmer training, agricultural productivity, and 

alleviation of absolute poverty conditions. In a nation where little has been done to bring these 

factors under a singular focus, social system research which embraces applied science 

components in a context where the voice of the community is equal to that of the researcher, is a 

strategy worthy of implementation.  

The research employed mixed methods applications which were intended to be as 

integrational as the actions and outcomes desired. To meet the criteria for a rigorous mixed 

methods investigation, the suggestions made by Creswell and Plano Clark (2011) were adopted. 

These suggestions guide the researcher’s needs to: 

(a) Use a mixed methods research design and integrate all features of the study with the 

design 
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(b) Collect both quantitative and qualitative data throughout the research cycle 

(c) Employ rigorous procedures in the methods of data collection and analysis 

(d) Integrate or mix (merge, embed, or connect) the two sources of data so that their 

combined use provides a better understanding of the research problem than one 

source or the other 

(e) Convey research terms consistent with those being used in the mixed method field. 

The research inquiry was therefore constructed upon the following framework. 

1. Design, test, and implement a survey questionnaire to understand general issues, 

constraints and perceptions about agriculture and ecological issues 

2. Identify groups or stakeholders to form communities of practice  

3. Develop a participatory action research approach, and design an assessment 

framework  

 

 

4. Utilize Appreciative Inquiry as the research methodology for participatory capacity-

building initiatives and engagement of community members in the change process. 

Figure 15: Participatory Action Research Illustrated 

Source: Chevalier & Buckles (2013) 
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Figure 16: The 4-D Cycle Process of Appreciative Inquiry 

 

 

In operationalizing participatory action research through AI methodology for an IFES in 

Haitian communities, the communities get together at the ‘discovery stage’ with researcher and 

other stakeholders to collectively discuss the predicaments of failing ecology and the impacts of 

the charcoal chain on food, weather, and society. This includes examining the best assets of 

current agricultural and fuel acquisition strategies such as their impacts on employment and 

livelihoods sustenance.  

The dream phase of AI methodology is both a practical and generative stage in the 

inquiry process, focusing on amplifying the positive core of the group, and challenging the status 

quo by prodding participants to envision more valuable and vital features that can be created 

within their community. Because the process is collaborative, the researcher puts forward the 

idea of IFES and biochar approaches, telling the stories of Terra Preta do Indio and of other 

Source: IISD (2010) 
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anthroposols to inspire critical pedagogy as a means of promoting radical democracy and 

transformational liberation. 

The community of thinkers are then encouraged to devise strategies for implementation 

and suitable adaptation of IFES to local needs and conditions. While it is often the case that 

change occurs in all phases of the Appreciative Inquiry process, communities continue the cycle 

anew after arriving at the destiny phase, ensuring learning, adjustments, and improvements over 

time, and continuing after the departure of the researcher. 

Survey Questionnaire 

A questionnaire with 42 questions on demographic characteristics, knowledge, attitudes 

and practices relating to small farming was developed and pre-tested to allow for improvements. 

The questionnaire was divided into six sections;  

(i) Gender and age data  

(ii) Land use assessment 

(iii) Production inputs 

(iv) Agricultural production 

(v) Marketing 

(vi) External factors 

The questions were either open-ended, dichotomous or multichotomous. The original 

language of English was translated to French and Haitian Creole. All interviews were performed 

orally at repeated visits to seven roadside and weekend markets in Port au Prince, Carrefour, Cap 

Haitien, and Gonaives during four months from August 2014 to November 2014. A team of four 

from The SAKALA project in Cite Soleil in Port Au Prince conducted the actual interviews. The 
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four areas were chosen because they offered the best opportunities for collecting a representative 

sample of responses from across Haiti. While 371 courteous requests were made to interview 

farmers or vendors, the majority of the requests were turned down, potential interviewees citing 

‘burn-out’ with having to answer questions from foreign researchers and NGOs without follow-

up or identified benefit. Of the total number of requests, 44 interviews were granted and 

conducted. The interviews were conducted in creole and responses translated back to English. 

Survey Questionnaire Results 

Thirty-four percent (n=15) of the survey respondents were female and sixty-six percent 

(n=29) were male. The age range of the largest group of respondents (n=15) was 30-39 years, 

with the largest group of males being between 50-59 years (n=9), and the largest group of 

females being between 40-49 years old (n=7). The survey revealed that the average size of 

agricultural land in production was 2 hectares, with 77% (n=34) of respondents owning the land 

on which they farmed, and 23% (n=10) leasing their farmland. Farmers who leased their land 

were more likely to farm larger sized parcels (average of 11.4 hectares) than those who owned 

their farmland (average 1.5 – 2 hectares).  

In order of importance, the most commonly produced crops were beans, bananas and 

plantains, maize, mango, okra, pepper, tomato, cassava, leafy vegetables, beets, and rice. Men 

were more likely to cite mango, bananas and plantains, maize, beets and okra as the most 

important crops (n=23), while women were more likely to be growing cassava, pepper, tomato 

and leafy vegetables, citing these as their most important crops. Of those surveyed, more women 

(n=10) raised chickens than men, the women’s flock averaging 20. However, when men raised 

chickens (n=4), the flock numbers were higher, averaging 200 per flock. Neither male nor female 
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respondents used manure from livestock or from chickens as fertilizer, and only one respondent 

(who leased his land) regularly used chemical fertilizer.  

All respondents (n=44) cleared their agricultural land before commencing crop farming, 

and the most common trees identified as being important to agriculture were mango, citrus, and 

neem or ‘lilac’. The trees considered most useful for charcoal and firewood were also listed as 

lilac, citrus, and mango. Slash and burn methods of land clearing was cited by 37 respondents, 

with 100% reporting that trees removed from the site were sold, either for charcoal (n=28), or for 

firewood (n=16). All respondents believed that more trees were needed in their community, the 

entire group also citing problems from with flooding and drought as a direct result of lack of 

trees. Nine percent (n=4) were aware of their soil type, one of which had received assistance to 

test his farm soil in the past. When asked if enough rich farm soil was available to adequately 

grow crops, 95% (n=42) of respondents replied ‘no’.   

On the ‘External Factors’ section of the questionnaire, 100% of respondents (n=44) 

reported having no access to either of agricultural credit or loans, micro-loans, or other types of 

loans or credit. Only the largest farmer of the group (20.8 acres leased) had a regular visit from a 

paid agronomist, with 98% (n=43) having no contact with governmental or non-governmental 

agricultural extension organizations. When asked to rank - in order of most to least important – 

what they considered would help improve production or marketing, 88% (n=39) indicated that 

local farmers’ cooperative or producer organization would address the problem.  

Of the 44 persons surveyed, 12 were aware of clean cookstoves and 7 (all females) had 

tried the stoves for cooking. Rice husk and dried twigs were the most common fuels used in the 

cookstoves, and all 7 female respondents reported burning the fuel down to ash. All respondents 
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reported the need for financial assistance to improve their farms or to diversify into other 

enterprises such as poultry rearing. Seven respondents indicated an interest in participating in a 

follow up survey, and 11 indicated an interest in a larger research program if agricultural advice 

was a part of the package.      

Survey Questionnaire Discussion 

Despite the significant ecological constraints on agricultural production in Haiti, farmers 

have managed to subsist off the land. Being aware that productivity is declining rapidly, farmers 

have highlighted the need for additional land on which to farm their crops. Notwithstanding the 

ecological constraints on farm productivity, the absence of an organized, uniformly oriented 

support system that provide information on suitably adaptive farming systems approaches is a 

major setback. While thousands of NGOs operate in Haiti, they implement agricultural projects 

with thousands of different goals, objectives, funding sources, and assurances of project 

continuity, the collective impact being counter-productive to agricultural development or 

ecological sustainability. 

Haitians have an inextricable historical association with charcoal, and a thorough 

understanding of the processes involved in making it. In a majority of instances, fuel is sourced 

from farmers when wood is sold for firewood or charcoal. Thus, Haitian farms are suppliers of 

energy which comes from the front end of farming operations when valuable trees are harvested 

before the establishment of food plots. While the farm is already connected to fuel in the manner 

explained, getting the Haitian people to change the use of char from cooking energy to soil 

amendment will entail paradigmatic shifts in culture and practice, presenting a range of 

difficulties and possibilities for further inquiry. 
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Supplanting of the charcoal value chain with a biochar value chain operated within an 

Integrated Food-Energy System (IFES) is applicable to the Haitian context. However, any 

change in cooking practices must first demonstrate cooking technology that is equal to or better 

than currently used charcoal-fuel stoves, and the cost benefits of the biochar produced in clean 

cookstoves must be demonstrably higher as a soil amendment than its economic value as 

charcoal for cooking. Therefore, the role of small farms, community education, and particularly 

the opinions of women must accede to higher levels of importance.  

Stakeholder Groups Recruitment and AI ‘Dream’ Appraisal 

Four groups of participants were chosen to form communities of practice for the 

demonstration of an IFES in Haiti. The SAKALA community group from Cite Soleil, Port au 

Prince was the first and most significant partner identified before research implementation, and 

this group, guided by the results of the questionnaire survey conducted at four sites across Haiti, 

assisted with identifying participants for the next stage of the research. The three additional 

groups identified are described as the Gros-Morne group, the Vodray Group, and the Ganthier 

Group.  

SAKALA 

The SAKALA community project occupies a four acre site in Cite Soleil where composts 

made onsite forms the base soil for a two acre farm run by local women who take back lessons 

learned to their own homes and small urban gardens. A major emphasis of the SAKALA project 

is the teaching and learning of soil building and agricultural skills. SAKALA, through outside 

assistance, conducts training sessions across the city of Port au Prince as well as rural towns and 
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villages that supply the city with farm produce and charcoal. SAKALA is organized by a 

community president along with two assistant project directors. Two full time volunteers 

comprise office staff, and more than 20 community residents participate in field activities 

directly related to the SAKALA farm project. The dream of the SAKALA community is to 

develop a green oasis in Cite Soleil which will be transformative upon a community considered 

to be the most violent, poorest, and desperate inner-city community in all of Haiti. 

Gros-Morne 

The Gros-Morne Group of farmers that formed this community of practice is made up of 

widely dispersed community members. This farming group in Gros-Morne but had come 

together in the past to establish a hillside forest of pine and eucalyptus trees and Leucaena shrubs 

that successfully halted erosion in the hilly areas of the community. Sixty five farmers were 

identified in the Gros-Morne Group, forming the largest of the four communities. Another 

unique nature of the Gros-Morne Group that distinguishes it from the other three groups is that 

the farmers were interested in seeing the IFES demonstrated at a central site, where its features 

would be evaluated and taken back to at least 65 individual farm plots across Gros-Morne and its 

surrounding villages. The dream of the Gros-Morne Group is to develop alternatives to charcoal 

and firewood that reduce the dependency on scare forest woods, so that the forests will regrow to 

protect soil and water resources. 

Vodray  

The site farmed by the Vodray Group is close to the bank of the Grise River, which is 

approximately five miles west of Port au Prince. While water is usually available from the river 
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which has been reduce to a mere trickle most of the year, the banks have eroded regularly during 

heavy rain events, causing excessive soil erosion and floods. The group of four male farmers 

grows vegetables, bananas, and fruit trees, and is supported by a local women’s cooperative that 

assists with plant propagation and marketing. The dream of the Vodray group is to set aside land 

for agroforestry, to be planted with trees that will contribute to community wealth and 

environmental health.  

Ganthier 

The Ganthier Group, guided by an affiliate of the SAKALA Community project who 

previously moved to the town of Ganthier, comprise of eight men and their farming families who 

farmed on individual plots but meet regularly at a communal farm to share ideas and exchange 

information.  The Ganthier Group is plagued by severe water shortages and seasonal weather 

extremes which cause significant soil erosion. Generally spare of biodiversity with respects to 

trees and shrubs, an area of 2 or 3 square miles around the community project area is dotted with 

the thorny legume species called Bayawonn (a type of Mesquite tree), and wild shrubs of the 

Jatropha species. The wood of the Bayawonn is desirable for charcoal and firewood. The dream 

of the Ganthier community is to find ways to prevent and reverse soil erosion, so that local 

farmers will be able to grow more vegetables and fruit trees for direct consumption and for sale 

at regional markets. Figure 17 shows the general location of the four communities of practice 

chosen for the participatory research.  
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Orienting IFES thinking by Participatory Appraisal  

During the week of August 18-22, 2014, half day meetings were held with each group to 

help identify the realities surrounding their lives and their environment, revealing their past and 

present conditions, as well as their collective dream for the future. Allen and Innes (2013) 

demonstrate that Appreciative Inquiry (AI) methodology can be used effectively in various 

contexts, noting that it promotes collegial reflective practice and the generation of positive 

resolutions. AI methodology was therefore used in Haiti used to implement the qualitative action 

research, and this involved having open discussions with the groups to encourage free exchange 

of opinions and ideas, allowing even for the venting of anger at whatever were perceived as 

causing or perpetuating the most significant challenges.  

Figure 17: Location of Research Communities 
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With an interest in orienting the group meetings toward a clearer understanding of Haiti’s 

broader ecological predicaments and possible responses to many of the problems they faced, my 

contribution to the conversations came in the form of the story of Terra Preta do Indio, and brief 

anecdotes about the construction of Conuco Mounds by pre-Columbian Indians in Hispaniola. 

Careful to distinguish between agricultural charcoal as fuel and biochar as an additive that 

returns carbon to the soil, the concept of an integrated food energy system was outlined. Many of 

the older farmers in the groups immediately acknowledged that past generations had used 

‘charbon’ (charcoal) in their gardens, but admitted that they had never understood its value as a 

soil amendment. The also imparted that a type of compost mound was still being built in rural 

Haiti, this currently referred to as Kunuk.  

The groups were asked to outline what they believed to be the most significant problems 

they faced, the natural resources that were most at risk and from what, and the kinds of 

intervention responses that were needed given the country’s current circumstances. A 

participatory appraisal tool which was specifically developed to augment an understanding of the 

complexity in Haiti, was used to capture and categorize group responses. Participants were 

shown the tool either on a black board or on a paper chart. Referred to as the Action and 

Outcome Framework the tool provided an avenue for community problem diagnosis, and 

functioned as an instrument for developing actionable responses. Figure 18 depicts the Action 

and Outcome Framework. 
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Participatory Appraisal Framework Results 

The Action and Outcome Framework depicts the concept of ‘resilience’ as a vertical line, 

and the notion of sustainability as a horizontal line. Intersecting at 90 degree angles, the lines 

divide the system (the action and outcome circle) into two halves and four quadrants. The half to 

the right of the resiliency line is determined the ‘poverty domain’. The realm of existence in the 

poverty domain first encounters the ‘action’ of Extraction which may potentially lead to a state 

of active Declinability. If the system is allowed to decline by the ‘action’ of Depletion, it falls 

below the sustainability line which results in system Vulnerability. 

Figure 18: Action and Outcome Framework 
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Table 12 shows the responses of all four community groups. Based on their responses, it 

was evident that Haitian farmers and community action groups from both rural and urban 

settings understood the factors that contributed to environmental decline and how these factors 

affected the human livelihoods that depend on the resources. Responses were provided in Creole 

and translated into English. Responses that used similar expressions or had similar meanings 

were condensed for ease of analysis.     

Table 12: Operationalizing the Action and Outcome Framework (Problem Evaluation) 

 

Poverty Domain 

Action Extraction Depletion 

Activities and Events slash and burn practices, 

sourcing firewood, 

charcoal production,  sand 

mining, rock mining, tree 

harvesting, lumber 

harvesting, hillside farming  

soil erosion, over-

population, energy poverty, 

overharvesting , hunger 

issues, inadequate 

infrastructure, distance 

from resources, high input 

costs for farming, 

harvesting of mango trees 

for charcoal, flooding, 

overfishing, drought 

Resiliency State  

Declinability 

 

Vulnerability 

 

Within the Action and Outcome Framework, the half of the circle to the left of the 

resiliency line is determined the ‘Anti-poverty domain’. The realm of existence in the anti-

poverty domain first encounters the ‘action’ of Recovery in the lower quadrant. When recovery 

measures dominate the action of people, there is the potential for gradual system Adaptability. If 

recovery is sustained over time, adaptations toward normal will begin to emerge, the combined 
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‘action’ of Resurgence then raising the system above the sustainability line, resulting in system 

Thrivability. In this scenario, ‘Thrivability’ is defined as existence in the upper quadrant of the 

system where actins operate between sustainability and resilience, and integrational forces 

provide the most optimal returns to the system. Table 13 shows the manner in which the Action 

and Outcome Framework was used by participants to suggest how the shift from a vulnerable 

system to a sustainable system may occur.  

Table 13: Operationalizing the Action and Outcome Framework (Response Planning) 

 

Anti-Poverty Domain 

Action Recovery Resurgence 

Activities and Events land reform, soil making, 

fixing water supply, 

availability of heritage 

seeds, biochar approaches 

for carbon management, 

low pesticide farming, 

zero-waste approaches, low 

technology, forestry 

resources policies, 

education of farmers, 

extension system 

Land tenure laws and 

policies, renewable energy 

access, appropriate farm 

road infrastructure, pro-

poor policies, education 

reform, knowledge 

integration in rural 

communities, farmers 

schools, IFES applications, 

farm credit, microloans,  

Resiliency State  

Adaptability 

 

Thrivability 

 

Based on group feedback, the exercise was useful for creating community consensus 

about the responses needed to address ecological hardships, and even if the ideas were not 

immediately acted upon, collective consciousness was stimulated and group members had equal 

awareness of problems and possible solutions. 
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Action and Outcome Framework - Discussion  

All meeting sessions were lively and interactive, with group members willing to 

participate in the Action and Outcome Framework appraisal. During the exercises, participants 

expressed remorse that their past actions had contributed to environmental problems, but the 

feeling of the groups was that the problems could be addressed despite their conditions of 

poverty. Some older men, but particularly women, suggested that the measures for ‘recovery’ 

must be seriously considered as they offered hope for their children and grandchildren. 

Camaraderie was developed between and within the four community groups who made a 

consensus decision to participate in the follow up experiment to develop an IFES approach on 

small parcels of land collectively worked by members. It was agreed, based on suggestion, that 

each plot or multiple of plots to be used would measure 25 feet by 40 feet. This represented an 

area equal to the size of the subplots tested at the proxy site at ECHO Farm in Florida.   

For group members in all four communities involved in this research in Haiti, this was 

admittedly their first experience participating in a planning exercise that could impact their 

livelihoods. By voicing their thoughts and having their viewpoints considered as positive 

contribution, they felt that they were respected.  When surveyed by raising of hands and a one-

minute response about the exercise covered in the workshops, 100% of the attendees (n=109) 

across all four groups felt empowered by the process, noting in particular that they did not 

previously understand how common Haitian farmers could assist in the development of a 

research project intended for their own benefit.  
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Stages of vulnerability and ‘ecological crisis areas’: Local perception and reality 

The social performance parameters highlighted by the World Bank (2009) and the UNDP 

(2013) in their analyses of Haiti are brought about by the diminishing performance of local 

ecosystems in the services they provide to communities. In contemplating change in Haiti, 

collaborative inquiry becomes an important part of the process of working with local 

communities to identify predicaments, plan responses, design and implement ecologically 

resilient projects that promote conservation, reduce and redress runaway deforestation and soil 

erosion. The change process, however, remains challenging, requiring active immersion of 

practitioners and full participation of local stakeholders to first collectively agree on the 

challenges in order to ensure the eventual adoption of viable response strategies. 

Conversations conducted with small groups of farmers (5-10 persons) and large groups 

of farmers (more than 50 persons) in Cite Soleil, Gros-Morne, Ganthier and Vodrey, using the 

strategy of uninhibited expressions recommended for Appreciative Inquiry (AI) revealed that 

Haitians can determine distinct levels of vulnerability in their own environment. As Troxel 

(2002, p.1) notes, Appreciative Inquiry (AI) has the capacity to transform the objects of its 

research, thus imparting a transformative effect upon both the tangible objects and intangible 

subjects involved in the inquiry.  

In each of the four communities of inquiry, farmers groups were identified and 

arrangements made to visit and hold conversations on the subjects of charcoal production and its 

impacts, deforestation, and the overall impact of soil erosion and soil loss upon local 

communities. The Action and Outcome Framework was used specifically for the collection of 
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community though, for problem diagnosis from the perspective of local participants, and for the 

development of an action plan to avert identified problems or predicaments. 

                          

   

 

 

 

 

 

 

The groups determined that most areas, with the possible exception of the Artibonite 

Valley, were bad for agriculture due to progressively lower yields, but other areas - especially 

mountain slopes and some valleys - were even worse. The groups also determined that some 

regions of their communities were especially difficult if not impossible to utilize for agriculture 

 

Photo 16: Large 

group discussion 

with 65 farmers 

in Gros-Morne 

Photo 17: 

Small group 

discussion with 

8 farmers in 

Ganthier 
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or tree crops because these areas had lost top soil and now contained only rocks or bedrock 

material. Remarkably, in the case of Gros-Morne and Vodrey which are close to rivers, the 

groups identified parts of the landscape that were completely washed away and impossible for 

agriculture despite proximity to water.  

 

 

Based on these revelations, and supported by scholarly research on similar issues in 

vulnerably environments around the world, the decline in ecosystem services generally observed 

across the landscape can be attributed to ecosystems having reached one of three stages of 

functional vulnerability in the Haitian territory. 

Photo 18: Erosion 

impacts in Gros- 

Morne, showing 

loss of upper 

organic horizons 

in soil profile, and 

an eroded dry 

river bed in 

foreground 
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(i) Ecological Threshold,  

(ii) Ecological Tipping Point, and  

(iii) Ecological Collapse.  

Largely informed by the Haitian respondents, the names attributed to these three stages of 

ecological vulnerability were prompted by Diamond (2000; 2005) in his treatment of ecological 

collapse in pre-industrial societies, and in the treatise on Haiti and the Dominican Republic in the 

book Collapse. Other work that contribute to this analysis are Briske et al. (2006) and Groffman 

et al. (2006) in their evaluation of ecological thresholds; Lenton et al. (2008) and the 

Biodiversity Information System for Europe (BISE) for their independent definitions of 

ecological tipping points.  

Based on these scholarly assessments, the three stages of vulnerability in ecosystem 

functions observed in Haiti may be defined as follows: 

(1) Ecological Threshold (ET) is the point at which a relatively small change in external 

conditions causes a rapid change in an ecosystem. When an Ecological Threshold has 

been passed, the ecosystem may no longer be able to return to its steady state 

(Groffman et al., 2006). 

(2) An Ecological Tipping Point (ETP) is the critical ecological threshold at which the 

future state of a system can be qualitatively altered by a small change in forcing, 

where forcing connotes anthropogenic or biophysical mechanisms that can trigger 

significant disaster in an instance (Lenton et al., 2008). At an ETP, change becomes 

self-perpetuating through positive feedbacks, where as an example, deforestation 
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reduces regional rainfall, which increases fire-risk, further leading to forest dieback, 

wind erosion, less precipitation, and further drying (BISE, 2014). 

(3) Ecological Collapse (EC) refers to a situation where an ecosystem suffers a drastic, 

permanent reduction in carrying capacity for all organisms, often resulting in mass 

extinction due to loss of capacity to provide ecological services or support trophic 

relationships. Important pressures contributing to ecological collapse include land 

degradation and fragmentation, overexploitation of ecosystems by humans, habitat 

loss and ecological colonization by invasive species, pollution, and climate change 

(Diamond, 2000; 2005).     

The identification and definition of these stages of ecological vulnerability in Haiti 

provides important benchmarks by which appropriate levels of intervention may be applied 

within an ecological crisis area. An ecological crisis area may be defined as the number and 

quality of ecological services and the levels to which they are currently constrained within one of 

the three stages of functional vulnerability described above. The term ecological crisis area 

connotes that a particular service or set of services are in crisis, and are either at threshold crisis, 

tipping point crisis, or in full collapse mode. 

The protocol that determines what constitutes an ecological crisis area was informed by 

Daily (1997) and by De Groot, Wilson and Boumans (2002) who created a typology for the 

classification, description and valuation of ecosystem functions, goods and services. Advice is 

further taken from Daily (1997. p. 3) and through Ruhl’s (2006, p. 2) treatment of the terms 

ecosystem function and service, where it is noted that services are the consequence of only some 

ecosystem functions, and ecosystem services have relevance only to the extent that human 

populations can derive direct benefit from them.  
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During the conversations with farmers groups in Gros-Morne, Vodray, Ganthier and Cite 

Soleil, many of the comments indicated that local Haitians understood the concept of 

‘functionality’ in their own way by repeatedly noting that the ‘land is failing to give back’. When 

prompted to list the ‘services or functions’ that the land has failed to give back, the following 

were provided. These answers were recorded on a blackboard (Cite Soleil), and on paper in 

Vodray, Gros- Morne and Ganthier. The list was condensed and translated to English. 

Table 14: What the land is failing to give back 

Community Responses 

Cite Soleil Food, earthworms, trees, soil, flowers, 

grass, bees, butterflies, birds, cool air, 

charcoal 

Vodray Food, water, soil, grass, wind, large trees, 

rain, firewood, shade trees, fruits, 

medicine 

Gros-Morne Food, vegetables, fruit trees, bees, honey, 

insects, soil, earthworms, wood, timber, 

herbs, spices, mapou trees 

Ganthier Food, soil, spiritual services, forests, 

mapou trees, birds, fuel, fresh water, grass 

 

In their separate examination of ecosystems, 23 functions are listed by de Groot et al. 

(2002, p. 396) and 13 listed by Daily (1997, p. 4). Intellectual liberty is taken to reduce the 

number down to 10 in order to capture only those services that are readily identifiable in Haiti. 

Applying the parameters of ecosystem vulnerability in the Haitian context as a measure of the 

functionality of an ecosystem service, these ten essential ecosystems services are listed in Table 

15 along with an assigned value for the level of vulnerability (Ecological Threshold, Tipping 

Point, or Collapse), as broadly determined through the responses given by the farmers groups in 

the four communities of inquiry.  
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Table 15: Ecosystem services generated by soils and plant biomass 

       Constrained Service (ecological crisis area)                                                  Stage of Vulnerability 

- Generation and renewal of soil structure and soil fertility                                   - EC 

- Mitigation of floods and droughts                                                                        - EC 

- Erosion control                                                                                                     - EC 

- Regulation of major biogeochemical cycles                                                        - ETP 

 

- Contribution to plant production for food, fuel and fiber                                    - ETP      

 

- Provision of clean drinking water                                                                        - ETP 

- Sustenance and regulation of animal and plant populations                               - ETP  

- Modification of the hydrological cycle                                                                - ET 

- Production, consumption, and regulation of atmospheric gases (CO2, NOx)      - ET 

- Contribution to landscape heterogeneity and stability                                        - ET 

Sources: Daily, (1997); de Groot et al., (2002); Zhang et al., (2007).  

As an under-developed country, the dependence on the land sector is not unique to Haiti, 

but the extent to which drawdowns have been made on the natural resources and ecosystem 

services have pushed the territory’s natural ecosystems out of balance. The resulting 

destabilization of trophic hierarchies and rapidly depleting reserves of biomass energy further 

stresses the biogeochemical cycles, rendering the carbon economy no longer naturally capable of 

providing the basic ecosystem services which translate into economic markets. Using this 

approach to create an assessment of the state of Haiti’s terrestrial ecosystems, a general sense 

emerges of the extent to which intervention is needed within ecological crisis areas, and the 

levels of urgency necessary to avert a cataclysmic collapse of the entire ecological economy of 

the territory.  
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Demonstrating IFES in the four Haitian Communities of Practice 

Three distinct components are identified in Haiti for designing a food-energy farming 

system based on the principles of soil restoration, permanence, and which reflect integrated 

levels that are simple and adoptable. These are; 

(a) Finding sources of organic matter suitable for making compost 

(b) Making biochar from fast growing shrubs or trees that coppice at fast rate, and which 

would grow well in the farmers’ field. 

(c) Mixing and applying a compost/biochar synergy on poor performing soils or low 

yielding areas of the farm fields, and evaluating the outcome 

 

A food-energy farm which mimics nature illustrates ecological relationships represents 

the ultimate goal of resuscitating the environmental cycles necessary for addressing food and 

energy constraints. The concept is illustrated in Figure 19. 

 

 

Figure 19: The Integrational Cycle 
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In order to achieve the outcome shown in Figure 19, local stakeholders will develop 

cultivated ecosystems designed to improve the soil, reduce landscape rigidities, increase viability 

through biodiversity, thus creating interconnectedness to the web of life within and surrounding 

the food-energy farm. 

Identifying Sources of Organic Waste 

Working with team leaders from the four communities participating in the inquiry, one 

full day during the week of August 18-22, 2014 was spent visiting agricultural sites that 

produced organic wastes suitable for making compost. Team leaders had prior knowledge of the 

sites, but were unaware of the annual output of the waste materials from each. Personal 

conversations and literary references provided the annual output tabled below.   

 

 

 

 

 

Table 16: Annual Production of Agricultural Waste Biomass from Four Producers 

Sources: UNEP, 2013; Personal communication with Brazil Nationale 
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Making Compost 

A half day workshop to demonstrate the steps for making hot compost was organized at 

the SAKALA community. Representative members from each of the four groups involved in the 

inquiry participated in the activity. The eight step process was demonstrated, using carbon rich 

organic waste material (bagasse) sourced from the Barbancourt facility as indicated in Table 16. 

Nitrogen rich materials were sourced from Leucaena plants which are readily available along 

roadsides and on many farm plots. Additional nitrogen rich materials included vegetable wastes 

collected from local produce markets. The eight steps in the hot composting process are; 

1. Gather 50% carbon-rich (brown materials) and 50% nitrogen-rich (green materials)  

2. Shred materials to increase the surface area. 

3. Build the pile with a 4" to 6" base of brown material, which will allow air into the pile at 

the bottom. Moisten these materials. 

4. Alternate layers of green and brown materials, adding water and a scoop or two of soil 

until the pile is three to four feet high (or the bin is full). 

5. Cover the pile with a lid, tarp, plastic bags or other material. 

6. Monitor the heat in the center of the pile. It should peak 170 degrees F about four to 

seven days later. 

7. Every time the temperature peaks, turn the pile. 

8. Continue this turning process until compost is finished in about four weeks. 
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Carbon rich layer placed in bin Nitrogen rich material added 

A Shovelful of topsoil is added The layers are moistened with 

water 

Photo 19 (series): Making Hot Compost - the steps 
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Based on weekly feedback received from group leaders, additional suggested steps for 

turning, moistening, and covering the piles and were closely followed, and compost was fully 

formed and available for use by the end of September 2014. Approximately 1.5 tons of compost 

was made from the workshop activity. More compost was made by all four groups in anticipation 

of the second phase of the project, and in time for the October vegetable growing season.  

 

 

Bin covered after being fully layered Part of the compost-making group poses for a 

photograph with me (in cap near center) 

Photo 20: Covered Compost Piles, under Tarp at SAKALA Site, Cite Soleil 
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From the success of the experience, one new goal of the groups was to capture the 

compost-making steps in photographs, and create a step by step guide which would be available 

for other interested groups. This was created in English and later translated to Haitian Creole. 

The document has been filed in a small library established by the SAKALA group and located at 

its Cite Soleil location.  

Making Biochar 

Group participants from the four community groups met over two days during the week 

of October 21-26, 2014 to work collectively on making biochar. Two different sites – Gros-

Morne and SAKALA - were chosen for the biochar activity. In both cases, metal barrels similar 

to that used for the ECHO Farm experiment were used to produce the char.  

 

 

 

Photo 21: Metal TLUD Barrel used for making Biochar  
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Biomass materials used at the Gros-Morne site comprised a mixture of Bayawonn and 

citrus branches. The biomass used to make biochar at the SAKALA site was sourced from Neem 

(Lilac) and Moringa branches. In both instances the production of biochar took approximately 45 

minutes. While all attendees (n=26) understood the production of charcoal by traditional 

methods used in Haiti, none were familiar with making biochar, and all expressed surprise at the 

speed with which the chars were produced.  

Laboratory analysis 

Samples of both biochars were returned to the United States and submitted for laboratory 

analysis. Assays were conducted by Dr. Hugh McLaughlin using the R134a adsorption capacity 

mapping of the Gravimetric Adsorption Capacity Scan (GACS) analytical technique. As shown 

in Figure 20, the GACS analysis indicated adsorption capacities of approximately 2% and 3 % 

respectively.  The chars are referred to as Haiti #1 and Haiti #2. 

 

 

0.10%

1.00%

10.00%

100 150 200 250 300

A
d

s
o

rp
ti

o
n

 o
f 

R
1
3
4
a
 -

 w
t 

%
 

Temperature Celsius 

Minimum CC#10

Maximum CC#14

RoyB #1 - live oak - Sept
2014
RoyB #2 - live oak - Sept
2014
RoyB #3 - live oak
branches - Sept 2014
RoyB #4 - palm branches
- Sept 2014
RoyB Haiti #1 - Nov 2014

RoyB Haiti #2 - Nov 2014

Range of Commercial 
Lump charcoals for cooking 

Figure 20: Assays of Haiti Biochars 



Running Head: ADVANCING AN INTEGRATED FOOD ENERGY SYSTEM IN HAITI    207 
 

Restorative Anthropedogenesis trials in Haiti 

Four sites in Haiti were chosen to establish plots for the demonstration of restorative 

anthropedogenesis. Biochar made at SAKALA and Gros-Morne was transported to Vodray and 

Ganthier communities. At all four sites, group members participated in the activity of mixing and 

applying the compost/biochar synergy on existing soil surfaces. All sites chosen were considered 

to be poorly performing areas of the farm plots or generally degraded areas of the landscape. The 

objective of the activity was to apply the soil synergy and later seed the areas with vegetable and 

legume food crops. Leucaena and Glyricidia were chosen as forest shrubs (refer to Table 5) 

because they grow rapidly to hold the soil together. Leucaena in particular provide a good source 

of renewable fuel, and Glyricidia is considered a high protein livestock feed. Informed by the 

proxy evaluation conducted at ECHO Farm, measurements of 101.22 pounds of biochar were 

applied to each 25 X 40 Feet plot after the deposit of 2 inches of compost.  

 

 

 

Photo 22: Gros-Morne Community activity, showing plot bed development 
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Photo 23 (series): SAKALA Community Activity (Cite Soleil), showing group activity (left) and finished beds 

(right) 

Photo 24 (series): Ganthier Community activity, showing natural soil (left), and test plot development (right) 
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Following the community experiments to restore soil, purchases of four Rice Husk 

Gasifiers (clean cookstoves) were made online and shipped to each team leader. While daily 

usage of the stove was not expected, it was generally agreed that the stoves would be used once 

per week and the resulting char coproduct stored and eventually returned to the farm plot on 

which the biomass was grown. Vegetable seeds were also purchased and shipped. Within two 

weeks of the application of compost and biochar on the sol surfaces in the four communities, 

vegetable seedlings and legume seeds were provided for propagation. 

 

 

 

 

Photo 25 (series): Vodray Community activity, showing natural soil (left), and Trench Conuco (right) 
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Results 

It was expected that some of the results seen in the ECHO Farm experiment would also 

be observed in Haiti. The most significant difference between the two sites was the absence of 

rainfall, but participants in Haiti were expected to treat the plots as they would any other parts of 

their farms. Earthworms were reported in all four plots, but counts were only conducted and 

compared between the restored area (n=6) and untreated areas (n=0) at the SAKALA project. 

This was notable, as earthworms sightings had not been previously reported in the farm plot. A 

soil profile examination revealed slightly deepened organic horizons down to about 3 inches, but 

this was considered too imperceptible to be conclusive evidence of change at this point. The 

Vodray plot had the highest crop yield, this site directly benefiting from easy access to water by 

virtue of its proximity to the River Grise. Members of the Vodray community group reported that 

the restored areas showed increased in crop yield by 100% (actual word used was ‘double’).   

 

 

      

Photo 26 (series): Emerging IFES Garden. Result of Restorative Anthropedogenesis 
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The most significant problem reported was weed invasion, this likely resulting from the 

experimental area being significantly more fertile than surrounding parts of the farm. In March 

2015, Vodray group members reported that several community members had established 

independent plots using compost and biochar combinations to restore the soils on their farm 

plots.  

Cookstove Evaluation and Char Analysis 

One way of creating linkages between the farm and the household is the use of 

cookstoves which are run on plant based fuels, and which generates biochar as a co-product of 

pyrolysis. The essential link between farm and household lies in the production of biochar which 

is generated during cooking, using biomass fuel produced on the farm. The resulting biochar is 

applied as a synergy with compost back to the farm soil, thus returning carbon permanently back 

to the terrestrial reservoir where it contributes to the resurgence of biogeochemical cycles.  

The Haitian communities taking part in the IFES inquiry were supplied with cookstoves 

(Rice Husk Gasifiers) which was expected to be put into use to generate the biochar needed as 

family farm plots are restored for food-fuel production. The Rice Husk Gasifier was tested in 

Florida in March 2015, and follow up tests were conducted at in Haiti to illustrate the potential of 

the cookstove for producing biochar from pelletized Leucaena branches. Leucaena is fast 

growing, re-grows quickly from coppiced trunks, and produces straight stems of approximately 3 

inches in diameter and 6 feet in height in approximately 3 months. These stems can be easily 

chopped with a machete to produce 4 pounds of 3 inch pellets in approximately 10 minutes.  
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Before being used for fuel in the cookstove, Leucaena pellets were allowed to shade dry 

for 2 weeks. Four pounds of dry pellets were packed into the retort chamber of the Rice Husk 

Gasifier, and small twigs used to start the incineration of the pellets. A full fire began in 1.45 

minutes, and a small fan connected at the base of the cookstove was started. The fan was 

powered by a single solar panel. The flame was regulated by regular adjustment of the cookstove 

fuel door. Long grain rice was cooked on the gasifier, taking 19 minutes and 20 seconds to fully 

cook. Once cooking was complete, the char was poured out into a bin and approximately ½ 

gallon of water used to douse them. The weight of the resulting wet char was recorded at 2 

pounds.    

Photo 27: Leucaena Pellets 



Running Head: ADVANCING AN INTEGRATED FOOD ENERGY SYSTEM IN HAITI    213 
 

   

                                                              

 

 

            

 

 

Photo 28 (series): Demonstrating the Rice Husk Gasifier Cookstove 

 

Cookstove, showing pot stand Smokeless flame Cooking pot atop cookstove 

Boiling rice Showing cooked rice after 20 

minutes 

Biochar being weighed 
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Char Analysis 

The char produced in the Rice Husk Gasifier was submitted for GACS analysis. The 

results indicated an adsorption capacity of approximately 10%. While additional assays are 

required to assess the quality of chars produced from all biomass sources suggested for Haiti, the 

results from this analysis indicates that the Rice Husk Gasifier cookstove has the capacity to 

produce high adsorption chars. High adsorption chars have greater potential as a catalyst for 

stimulating soil biogeochemistry when applied as a soil synergy with compost, thus the 

integrational impact of the cookstove in an IFES is of significance and necessitates further 

research.  

Potential char production output of Rice Gasifier 

As determined from the results of the experiments at ECHO, Florida, a 5,000 ft
2 

plot 

dedicated to the production of food-fuel species has the capacity to accommodate more than 200 

fast growing fuelwood tree shrubs such as Leucaena once the crops are allowed to mature for at 

least a 12 months. Given the high growth rate of this fuelwood species, and its high tolerance to 

coppicing, the size of the plot allows for the provision of fuelwood pellets at the rates tested, for 

a single household. Extrapolating from the experiment, 4 pounds of Leucaena pellets will 

produce approximately 1.5 pounds of dry biochar. This represents a conversion rate from wood 

to biochar of 37.5%. Assuming that the cookstove is used twice per day for the preparation of at 

least one meal each time, the weekly output of biochar is 21 pounds. This is equivalent to 4,368 

pounds of biochar per household per annum.       
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Discussion 

It has been determined that an Integrated Food Energy System developed on the 

principles demonstrated at SAKALA, Gros-Morne, Vodray, and Ganthier is possible elsewhere 

in Haiti. Important findings of the research, particularly those related to restorative 

anthropedogenesis, offers seeds of hope for improvements in landscape ecology through agro-

ecological education and practice. All the component parts required for the integration of food 

and energy are identified in Haiti, but the paradigm shift required to reorient the production 

system toward this more sustainable end will need inputs of sober domestic policy backed by 

external incentives.    

An important lesson learnt during the conduct of these inquiries is that immersion into 

communities of practice exposes the researcher to emotions and realities that go well beyond the 

actual research, because people’s lives comprise of circumstances that transects births, illness, 

mortality, religion, belief systems, and festive celebrations of all sorts. These factors make the 

methodology of Appreciate Inquiry a worthy instrument in Participatory Action Research, as it 

offers the freedom to stand back and allow community life to flow regardless of the urgencies of 

the researcher. 

One important revelation derived from the efforts to implement IFES in Haiti is that 

whole system research is complex, time consuming, exhaustive, and requires levels of iterative 

connections that may strain a single researcher. The time required for a full examination of IFES 

may exceed two years at the minimum, and this kind of extended inquiry requires long term 

immersion to allow for regular interaction within the communities of practice where the research 

is taking place. Follow up is therefore an important next step, and this means that the research 

will continue long after the submission of this dissertation.  
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Chapter 6: General Conclusions and Recommendations 

6.1 Introduction  

The foundational argument of this thesis is that the quest for social, economic, and 

environmental resurgence in Haiti must entail direct approaches for arresting and addressing a 

collapsing ecology. The mixed methods approach used in the study afforded an opportunity to 

bridge the divide between social/liberal methodologies and scientific experimentation through 

the application of a systems examination of the Haitian phenomena. The arrival at Ecological 

Tipping Points or at worse stages of anthropogenic vulnerability across vast swaths of landscape 

indicates an urgent need to apply remedial development responses in Haiti. However, every 

effort should be made to avoid repeating the mistakes of the past which have been induced by 

international vilification, victim blaming, social stigmatization, and maligned structural 

adjustment programs. Reductionist approaches to problem solving have created an asymmetrical 

society yielding few benefits, most of which have accrued by deliberate design to donor 

governments and expatriate NGOs, some trickling down to Haiti’s bourgeois minority, and 

hardly any benefits reaching the poor masses. 

What is clear is that it is unlikely that large amounts of financial injections for ecological 

restoration will occur in Haiti, so change must emerge from the users of local resources 

themselves, first arising from a fundamental shift in thinking and growing to affect change in 

practices. Where the issues affect research, development, and policy, shifting the focus from 

addressing individual parts of complex issues toward addressing whole systems imply shifting 

from analytical thinking to contextual thinking. Contextual thinking focuses on local issues such 
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as soil conservation and increased biodiversity in order to reduce the effects of extractive forces 

that contribute to ecological distress.  

Modern industrial agriculture has done well to advance the kind of production that has 

applied analytical thinking very successfully, but unfortunately has not impacted many people 

who still live in dire poverty in places such as Haiti. Many development organizations are 

therefore beginning to focus their attention on the improvement of people’s livelihoods by 

expressing an understanding that in order to accelerate change, there is a need for the integration 

of modern science with local traditional knowledge. Integrated systems approaches advance 

contextual thinking that promise to bridge the development gap by changing the way people 

think, so that they will change the way they behave, and thus contribute to changing the 

relationship between nature and humanity. The general conclusion of this study is that Haiti 

requires an integrated systems approach in managing its ecology, because responses that exclude 

the consideration of human and natural systems integrations will fall well short of desired 

outcomes. 

6.2 Seven (7) important findings of the research  

The following subsections summarizes the seven important findings of this study, and 

show how they are all interrelated between social, political, economic and ecological 

dimensions. Numerical classification does not confer hierarchical significance.   

6.2.1 Finding #1: The concept of Haitiism reflects the misaligned treatment of modern Haiti 

The concept of ‘Haitiism’ is developed in this study firstly as a method for organizing the 

arguments for bias, blame, fear, and racism directed at Haiti, Haitians, and the Haitian diaspora 



Running Head: ADVANCING AN INTEGRATED FOOD ENERGY SYSTEM IN HAITI    218 
 

over the 211 years of nationhood. Haitiism reflects the historical human, social and ecological 

devaluation of the nation since its inception, and defines the biases that emerge from perceived 

inferiority of its people through the lack of understanding of its religion, politics, and culture 

which are equated with blackness, backwardness, and savagery. Secondly, since the concept of 

Haitiism embodies the realities which have subjugated the country and its people, it also 

provides a means for exposing those perceptions which should be avoided if the country is to be 

given a fair chance at upward mobility. 

6.2.2 Finding #2: Haiti’s ecological demise has its roots in colonial biomass harvesting 

The factors of ecological destabilization in Haiti were set in motion by the plantation 

agricultural system of production put in place by France to produce vast wealth for its benefit, 

but at the expense of the natural environment of Haiti. While none of the wealth created in the 

colony has ever accrued to Haiti, all of the negative effects of ecological destabilization were 

inherited by its people who were further forced to sacrifice additional resources to pay 

reparations for its freedom from slavery. This analysis provides a clear revision of history which 

must become commonplace in both media and academic literature. When this begins to happen 

there be less tendency to blame Haitians for the demise of Haiti, and attitudes of victim blaming 

will hopefully be reduced in the face of natural disasters.   

6.2.3 Finding #3: Identification of anthropogenic vulnerabilities and ecological crisis areas 

Recognizing that predisposing biophysical factors including mountainous topography, bi-

modal rainfall patterns and soil type play important roles in the creation of ecological 

susceptibilities, three stages of anthropogenic vulnerability are identified in Haiti, this diagnosis 
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developed in collaboration with local Haitians interested in practice change for environmental 

resurgence. The stages of vulnerability are Ecological Threshold, Ecological Tipping Point, and 

Ecological Collapse. Perturbations on biogeochemical cycles within and between terrestrial and 

atmospheric domains have adversely impacted the state of stable trophic relationships within the 

natural economy of Haiti, leading to the development of chronic ‘ecological crisis areas’ across 

the country. The wealth of Haiti is thus being precipitously lost in its disappearing stocks of 

natural resources, and every additional tree removed, and every rain event that washes soil down 

the steep mountain slopes represent an overdraft from the country’s depleted carbon budgets. 

6.2.4 Finding #4: The existence of buried soil horizons in Haiti 

Observations conducted on road banks in areas outside the Artibonite Valley, near the 

city of Gonaives, and in the region near the village of Gros-Morne in northeastern Haiti, show 

that eroded subsoil and weathered particles of bedrock from mountain slopes accumulate over 

time to form deep layers atop lowland soil horizons. This causes the burial of previously fertile O 

and A horizon soils, a condition which completely stalls the process of pedogenesis. This build 

up or accretion of eroded materials operates counter to erosion but causes similar desert 

conditions which render the buried landscape unsuitable for crop production. Consequently, 

waves of erosion truncate soil horizons on Haiti’s mountain slopes, transferring infertility to 

valley ecology by the deposition of mineral rock-based layers. The phenomenon of buried soil 

horizons in areas of Haiti necessitates further research exploration and analysis.   

6.2.5 Finding # 5: Energy poverty is equal to food insecurity in Haiti  

Reduction of ‘energy poverty’ is being increasingly recognized as an integrally absent 

development goal upon which the attention of developmental and governmental agencies must 
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refocus. Opportunities for achieving food security and the attainment of productive livelihoods 

will elude more than 10 million people in Haiti if they continue to subsist without access to basic 

amenities including sustainable alternative energy sources. In Haiti, food security and energy 

security are equal socio-economic constraints, and since their access and provision have been 

inseparable in subsistence agriculture, addressing them together provides a viable and novel way 

forward.  

Importantly, rural communities have no chance to provide basic services such as 

education and healthcare which can help lift them out of poverty, unless the often naïvely argued 

issue of ‘food versus fuel’ recedes into its rightful place of irrelevance in the context of energy 

poor Haiti, and is replaced by the demonstrably more intelligent argument promoting the 

integration of ‘food-energy’ initiatives. This approach entails a system dynamic which must be 

center stage of rural development, and which must consider all the dimensions of human 

livelihoods and their interconnectivities with ecological services provision.  

6.2.6 Finding #6: The factors of trophic distortion (H.E.A.R) in Haiti are identified 

This research study has identified four major ‘factors of trophic distortion’ that continue 

to push Haiti from Ecological Tipping Points toward Ecological Collapse. These factors are 

identified as;  

(i) Human population pressures 

(ii) Expansive anthropogenic change 

(iii) Altered biodiversity 

(iv) Reductions in net primary productivity (NPP) 
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This finding suggests that development models for Haiti must define and clarify the 

ramifications of these four factors, and system responses must be designed to addresses each 

factor specifically, with solutions being applied simultaneously to all. 

6.2.7 Finding #7: An integrated food-energy system (IFES) approach is viable in Haiti  

Integrated food energy systems can be applied in many different ways, and they utilize 

various technology applications for achieving objectives. In addition to improving food and 

energy security, IFES provides farmers with the capability to use land and biomass resources 

more efficiently. Having defined the four factors of trophic distortion in Haiti, this study 

identified an IFES approach which comprises four system components to respond to food-energy 

challenges while restoring ecological problems at the same time.  

i. Production of soil through the process of restorative anthropedogenesis for 

addressing the erosion of soil horizons 

ii. The cultivation of food and fuel crops on restored anthroposols 

iii. Transitioning from charcoal energy to cookstove technology which produce 

biochar as a co-product 

iv. Returning the biochar mixed with organic compost to farm soil to stimulate the 

production of new soils to trigger NPP in soil ecology 

An important advantage of IFES approaches is their focus on soil conservation and on 

increasing biodiversity to reduce the effects of agriculture and energy use on climate and 

environmental change. As demonstrated in this research project, this approach is possible in 

Haiti, offering a viable response to the challenges facing the both land and people in Haiti. 
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6.3 Strategies and guidelines for implementing an IFES in Haiti 

As this research revealed, development organizations become committed in Haiti without 

a thorough or unbiased understanding of the specific problems or predicaments, and this has 

hindered the development of clear policy objectives, often resulting in economic waste and 

misappropriation. While many are quick to label successive Haitian governments as corrupt and 

apt to flagrant nepotism, non-governmental organizations receiving grant funding or aid money 

also fall into the trap of overspending on themselves at the expense of Haitians. The findings of 

this study help to clarify the needs requiring attention in Haiti, providing vivid points of 

reference toward which intervention responses must be focused. Based on the findings, some 

clear recommendations have emerged which I believe are valuable to development organizations 

involved particularly in addressing agro-ecological issues in Haiti. These recommendations 

follow.     

6.3.1 Recommendation #1: Anthroposols formation as ecological response  

Owing to the reality that Haiti's current land-use culture and practices are compounded by 

biophysical factors that predispose the country to the inevitable loss of carbon, a deliberate 

response that focuses on the formation of Anthroposols to repair ‘O’ and ‘A’ soil horizons must 

be contemplated. With the acknowledging that ecological vulnerabilities arise from an avoidance 

of studies of soils, Trumbore & Czimczik, (2008, p. 1456) note that future progress will only 

come from studies that combine measures of microbial community and activity, soil physics and 

chemistry, and the structure, age, and chemical nature of organic matter stored in and exiting 

soils. Improvements of farm soil from soil amelioration programs based on blends of biochar and 
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organic matter has been demonstrated in this study as having the potential for increasing net 

primary productivity (NPP) in soils.  

As evidenced from the experimental research, soils amended with biochar (pyrogenic 

carbon) possess increased propensity for nutrient attraction and retention, and carry an elevated 

capacity to host and propagate higher populations of microbial plant and animal life compared to 

surrounding soils. These biological, geological and chemical (biogeochemical) properties of 

biochar-enhanced soils contributes to the proliferation of non-pyrogenic carbon which results in 

the ‘growth’ of new soils in previously depleted horizons. This observed soil growth further 

results in the formation of deeper soil horizons, a factor that accommodates increased soil 

ecosystem functions and eventually translates into ecosystems services provision. 

Given the determination that the core problem of ecological destabilization is soil loss 

through erosion, a factor that sets the process of deforestation and decreased agricultural output 

in motion, it is of high importance to consider biochar as an essential component in the 

development of new soils, because it provides the most practical option for responding to 

ecological tipping points in Haiti.   

6.3.2 Recommendation # 2: Enabling food-fuel complements on restored soils 

The first step toward a more resilient agro-ecology in Haiti is a process of transformative 

education at the level of the farmer. The transformative process should begin by inviting the 

farmer into a community of agricultural practice where new forms of expressions are 

encouraged, new perspectives are formed and developed, and novel techniques are explored in a 

manner that addresses the problems which affect the community. Wenger (2003) advises that 

‘communities of practice’ are an integral part of the daily lives of people, but by being so 
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pervasive and informal they are barely recognized in academia as an environment where 

significant learning and social adoption of practice takes place. The advantage of positioning 

learning within communities of practice is that it provides more egalitarian points of access to 

individuals who engage in and contribute to the practices of the community, while at the same 

time the community benefits through changes in practice in which both current and future 

members have contributed (Wenger, 2003, p.7). 

 According to the FAO (2005, p.8), the merging of agriculture and forestry in small-scale 

operations could increase sources of food and bioenergy, thereby playing a key role in achieving 

two of the United Nations millennium development goals: the eradication of extreme poverty 

and hunger, and ensuring environmental sustainability (p.vi). Agro-forestry integrations not only 

enhance the agricultural output in poor nations, but also provide a guarantee of cheap and steady 

sources of energy. As identified in this study, the identification of fuelwood crops in Haiti that 

will function as on farm complements to food crops presents a degree of difficulty because 

common practice entail the complete removal of existing trees and shrubs before the 

establishment of agricultural plots.  

Once anthroposols have been developed from biochar synergies, fast growing hardwood 

species that do not require mature or exceptionally deep soils for optimal growth should be the 

considered as companion crops on small farmer operations. Fuelwood species that provide direct 

benefits such as shade, support for vines, and nitrogen fixation, offer the most desirable choices. 

In the book Bwa Yo (Their trees), Joel Timyan (1996) lists a number of trees important to Haiti, 

outlining value to construction, cabinetry, and charcoal production. Table 17 lists some trees and 

shrubs noted in Timyan’s work which were observed across the landscape in Haiti, and which 
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potentially offer the greatest benefits within the framework of smallscale integrated food-energy 

production system.  

 

Botanical Name Creole 

Name 

English 

Name 

Months 

to 6 ft. 

in 

Height 

Direct Benefit/s Charcoal 

Use 

Prosopsis juliflora Bayawonn Mesquite 8 Human food source, 

livestock food 

source, coppice 

wood, nitrogen 

fixing 

Yes  

(primary) 

Colubrina arborescens Bwa ple Coffee 

colubrine 

12 Medicinal, lumber, 

livestock food 

source 

Yes 

(secondary) 

Cordia alliodora Bwa soumi Spanish elm 24 Crop shading, 

lumber 

Yes 

(secondary) 

Catalpa longissima Chenn Haitian oak 10 Crop shading, 

coppice wood, 

companion tree for 

plantains 

Yes 

(primary/secon

dary) 

Cocos nucifera Kokoye Coconut 12 Human food source, 

bee attractant, 

biomass source 

No 

Mangifera indica Mango Mango 8 Human food source, 

coppice wood, 

lumber 

Yes 

(primary/secon

dary) 

Citrus aurantifolia Sitwon Sour orange 8 Human food source, 

medicine, shade, 

coppice wood 

Yes 

(secondary) 

Senna siamea Kasya Cassia 4 Coppice wood, 

medicine, shade 

Yes 

(secondary) 

Leucaena 

leucocephala 

Lisina Leadtree 3 Nitrogen fixing, 

coppice wood, 

livestock food 

source, medicine 

Yes 

(primary) 

Azadirachta indica Nim Neem 4 Medicine, pesticide, 

coppice wood 

Yes 

(secondary) 

Gliricidia sepium Piyon Quick stick 4 Nitrogen fixing, 

coppice wood, 

medicine, livestock 

food source 

Yes 

(secondary) 

 

Source: Timyan (1996). 

Table 17: Fast Growing Trees and shrubs of Haiti Suited to Food-Energy Integration 
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6.3.3 Recommendation # 3: Reduce the reliance of rural households on charcoal energy 

Haiti’s dependence on wood and charcoal in an atmosphere of rapidly decreasing forestry 

resources indicates the need to develop fuel crop resources in ways that have a meaningful 

impact on the lives of its people. Charcoal is derived from naturally growing forest trees, and 

traditional production methods for making charcoal show a low conversion efficiency of only 

20%, with 5 kilograms of wood making 1 kilogram of charcoal (MPWTC, 2006, p.3). In 

addition, the commonly used open charcoal stove used throughout the country is also very low 

efficient, measuring approximately 22% for traditional wood stoves and 30% for improved 

charcoal stoves.  

There are potential obstacles that threaten to impair the development of a sustainable 

biomass energy sector where the majority of citizens depend on traditional sources to provide 

energy for cooking and heating. Over time, culture and practice have created physical 

infrastructure and traditional markets around a reliance on energy sources such as charcoal that 

becomes increasingly accepted and economically important, and these traditions are hard to 

break away from. Transitioning to alternative energy sources, or even shifting to the use of 

improved technology around the same energy source often requires large changes to the 

traditional energy infrastructure, therefore imposing significant costs upon poor societies (De la 

Garza, 2007). 

It has however been demonstrated that when biomass cropping is integrated into 

agricultural production systems in ways that contribute to improved soils and increased food 

crop yields, a synergy is created that helps to reduce dependency on natural forests. When this 

change in practice is coupled with a switch to improved cookstoves such as the rice gasifier 
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tested in this study, an important closed loop system is created which has the potential of 

reducing the dependency of the user on charcoal, while allowing for the production of a 

commodity, biochar, that promises to confer productivity benefits back to the farm.  

Results of the experiments on wood pellets derived from Leucaena fuelwood show that 

improved cookstoves, in this case the Rice Gasifier, provides a 17% increase (char weighs 37% 

percent of original pellets) in the char conversion ratio above traditional methods while 

simultaneously providing the cooking energy required. Moreover, the end product normally 

considered for use as cooking energy - charcoal - is diverted to an essential ecological function in 

anthroposols formation to aid the recovery of agricultural landscapes.  

The clear benefits to be derived from this design includes the avoided purchase of wood 

and charcoal, decreased exposure to health hazards associated with charcoal stoves, improved 

productivity of farmland, and improvements in food and energy security. At the level of the 

individual user or household, this offers an alternative which is superior to the charcoal 

consumption chain; and notwithstanding the social factors associated with any change in cultural 

practice, the potential for improvement in livelihood conditions will be enhanced. A microcosm 

upon which a larger framework may be constructed is thus detected from this household level 

design, and it connotes the methodology by which a paradigm shift in energy and food 

production systems may be developed to the advantage of Haiti’s ecology.  

6.3.4 Recommendation #4: Develop a national biomass/biochar value chain to supplant the 

charcoal consumption chain in Haiti 

Approaches seeking to develop renewable energy alternatives by applying sustainable 

strategies potentially offer multiple benefits but require thorough understanding about land-use 
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choices that can affect surrounding ecological systems (Dale et al., 2010, p.1). Biomass energy 

systems have significant impacts on ecosystem services, and as a major component of land use, 

also carry great potential for impacting the problem of poverty. Macqueen and Korhaliller (2011, 

p.v) note that biomass has significant advantage over other forms of energy when it is managed 

sustainably through all phases of the commodity chain, from cultivation to energy generation. 

These advantages include local accessibility, energy security, lower carbon emissions, carbon 

sequestration, and the flexibility to be converted into heat, electricity, liquid or gas at a range of 

scales from small to large-scale applications.  

It has been suggested by the FAO that socio-ecological responses that will help to shift 

energy use away from charcoal toward alternative biomass value systems may be conceived on 

three theoretical bases. The first of these relates to an organized and systematic effort within 

smallscale communities of practice to deliberately grow biomass crops and harvest them for 

energy. The second response involves the adoption of cleaner burning cookstoves to reduce 

biomass consumption and avoid the health problems associated with traditional charcoal cookers. 

The biochar co-product generated in clean cookstoves would then be returned to the land from 

which the original biomass material was removed. The third response involves keeping intact all 

existing benefits demonstrated by the traditional charcoal chain long practiced at the national 

level. The important lesson is that in order for alternative energy models to succeed, they cannot 

obliterate existing economic support systems such as jobs, as this would create the very 

hardships that the new ideas are proposing to solve.  

Compared to the existing Charcoal Consumption Chain illustrated in Figure 3 (page 55), 

Figure 21 conceptualizes the Biomass/Biochar Value Chain as it may be developed in Haiti. 

While the primary focus of this research was small scale development of the biomass production 
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and consumption chain, Figure 21 illustrates a scaled up model of what has been demonstrated, 

showing the medium to large-scale model that may emerge from the microcosm, and depicting 

the full range of opportunities that will emerge from an economically viable value chain. 

      

 

The Biomass/Biochar Value Chain operates within three distinct but related value areas 

around which the commerce, production, and commodity consumption domains of the system 

revolve. As demonstrated at the household level tested in Haiti, feedback loops are also built into 

Figure 21: The Biomass/Biochar Value chain 
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the scaled up value chain and these interconnect the ecologic, economic, and commercial value 

systems. The flows between these three values go in several directions within and across 

domains, creating sustainable feedbacks cycles that potentially affect environmental, social, and 

economic systems at the national scale. This is a reasonable deduction and an even more 

plausible expectation given that the existing charcoal chain - though invisible and unrecognized 

as an economic sector - confers significant impact upon Haiti’s environment, consequently 

affecting social and economic systems in strongly negative ways.  

A Biomass/Biochar Value Chain conceptualized in the manner described is expected to 

supplant and improve upon the existing Charcoal Consumption Chain in the follow ways. 

(a) Development of an agro-ecological production system based on ecological 

synergy which leads to environmental restoration and the provision of 

ecosystem services 

(b) Expansion upon the economic values of the charcoal chain through the 

development of biomass products such as wood and biochar, leading to direct 

employment and spinoff job creation activities 

(c) Creation of both artisan and commercial industries around the production and 

use of biochar that conveys economic value throughout the value chain from 

production centers through to end use operations 

These improvements demonstrate a pattern of integration across systems boundaries 

which indicate potential for the provision of cumulative gains to Haiti’s economy. Having 

suffered decades-long losses from the effects of carbon depletion, a biomass/biochar value chain 

proffers the kind of response that will begin to directly address Haiti’s most serious ecological 
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predicaments, while at the same time stimulating the development of local industries around a 

sector which generates significant domestic demand for its products and services.  

The math is simple, but is not an oversimplification of possibilities. A total of 10 million 

Haitians spending a minimum of US 10 cents per day on energy products and services translate 

into domestic spending of US$ 7,140,000 per week, and US$371,280,000 per year. This very 

conservative figure is more than double the current contribution of the agriculture sector which 

contributes US$125 million or 38% of the total value of the Haitian economy per annum. 

Because it represents the most significant sector in Haiti which does not compete with foreign 

donations for its survival, it stands to reason that an energy sector along with its potential 

associated subsectors conceptualized through the Biomass/Biochar Value Chain, represents the 

best opportunity for the creation of a multiplier effect through economic investments that will 

also have significant ecological implications.       

6.4 Proposing policy approaches for the adoption of an IFES biomass/biochar value chain 

in Haiti  

An overarching characteristic of the Biomass/Biochar Value Chain is that it offers an 

IFES approach to rural development that counters many of the negatives associated with 

charcoal energy consumption in Haiti. In Brazil, India, and China which have invested in 

research and education for IFES, there is evidence that traditional and indigenous smallholder 

farming systems have blended desirable aspects of modern agricultural science to implement 

successful IFES projects (UNU, 1990). The case for IFES as a sustainable initiative is that it 

offers a much wider range of investment opportunities in the farming sector. As the conceptual 

biomass value chain shows, IFES will stimulate the creation and sustenance of new businesses, 
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and the inherent integrative feedback loops and cycles essential for project maintenance ensure 

that agriculturalists and technologists remain in local communities rather than migrate to urban 

centers in search of their livelihoods. 

Although FAO assessments have determined that IFES based on agro-ecological farming 

practices at different scales can contribute to climate-smart agriculture and food security, 

Bogdanski (2012, p.6) reports that supportive evidence is still sparse, and successful practices are 

often not scaled up due to the complexity of implementing IFES. In most cases, farmers prefer 

simple farming systems over more complex alternatives which increase the workload and 

knowledge intensity required to manage intricate feedback loops.  

While many challenges exist, there are vast socio-economic opportunities available 

through IFES that should not be overlooked. As FAO research have revealed, sustainable 

agricultural development, specifically employing integrative approaches to food and energy 

production, is essential for improving food security and reducing the effects of poverty. 

Consequently improvements in these two variables - food security and poverty reduction - have 

become important drivers of overall development wherever the system is applied (Bogdanski, 

2012, p.8). This is the hope for Haiti, and hence should form the most meaningful trajectory for 

both inquiry and development policy. 

By themselves, suggested policy guidelines are insufficient for ensuring the adoption of 

meaningful intervention measures. Bogdanski (2012, p.7) suggests that many experts are 

convinced that efforts to modify current trends in IFES also require clear policy incentives if 

more diverse and integrated systems are to be scaled-up considerably from small scale operations 

where they have been most successful. Based on data collected by the Food and Agriculture 
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Organization, upon the arguments and recommendations offered by Bogdanski (2012, p.7), as 

well as the findings from this research, the following policy intervention strategies crucial to 

IFES adoption are recommended to the national government, to international donors, and to 

international development organizations working in Haiti.  

1) Recognize the biomass energy sector as a legitimate contributor to the Haitian 

domestic economy and ensure its inclusion in governmental development projects 

through targeted funding regimes 

2) Directly address the knowledge intensity of IFES by providing relevant community 

based education, participatory research, knowledge dissemination, and technical 

support among rural communities 

3) Incentivize the quicker uptake of IFES by making it easier to afford in the first place, 

especially those components which involve energy technologies such as biochar 

approaches and improved cookstoves 

4) Provide rewards to community users of those systems that reduce externality costs 

and generate non-monetary benefits such as ecosystem services – flood control, clean 

water, and increased biodiversity 

5) Advocate international policies towards Haiti that include innovations such as 

payment of ‘biochar soil remediation credits’ to communities of practice involved 

with soil remediation efforts 

6) Establish and finance habitat specific afforestation projects based on the principle of 

‘right plant in the right place’, and combine reforestation projects with soil production 

strategies  
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7) Develop community restoration funds aimed directly at communities involved with 

lowering their dependence on natural forests for their energy needs 

8) Design an agro-ecological production system suited to the specific ecological 

conditions and social needs of Haiti   

9) Accommodate ‘ecological investments and trade’ dynamics by which biomass 

resources of indigenous plant organisms may flow into Haiti from the Dominican 

Republic, so that endemic species lost or threatened in Haiti may be reestablished  

10) De-emphasize the importance of non-governmental organizations with self-created 

mandates, focusing development aid toward communities of practice in ways that 

incentivize change and reward results  

While these suggested policy guidelines are not intended to provide holistic solutions to 

all the problems faced in delivering an IFES biomass value chain to Haiti, they offer bold ideas 

that suggest radical changes to the ways in which interventions are envisioned and currently 

applied. Even after a century of military intervention and the invasion of the country by 

thousands of non-governmental organizations each with their own sets of ideas, systemic change 

has not materialized. To envision real change, old ideologies need to be discarded and replaced 

by a new order of business which perceives of the Haitian as less of a victim and more as an 

equal partner in the quest to change the circumstances around her life.    

6.5 Concluding suggestions 

The island of Hispaniola is a single organism hosting two countries, one of which is the 

nation of Haiti which occupies the western third of the landmass. Except when being compared 

economically to its relatively more prosperous neighbor the Dominican Republic, Haiti is often 
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not thought of as being a part of an island, but a separate isolated entity tumbling toward 

ecological collapse amidst socio-economic and political disorder from which it is unable to 

escape. While there is the need for strenuous efforts to realign the socio-economic and ecological 

trajectory of Haiti, the capacity for ecological habitats to recover from extreme degradation may 

well be positioned in the incentivized willingness of the Dominican Republic to partner in the 

ecological restoration of western Hispaniola.  

This idea is suggestive of a new direction in international development collaboration and 

action based upon a macro-scaled system approach that is financially supported and managed by 

organizations such as the United Nations Development Program (UNDP) and the United States 

Agency for International Development (USAID). Notable alignment with this bold idea is 

already found in UNDP’s Millennial Development Goals Report of 2013 (UNDP, 2013, p.4). 

The report suggests the need for accelerated progress and bolder action in the area of 

environmental sustainability which is in demand of greater global cooperation to deal with 

identified threats. For its part, the USAID should apply its Country Development Cooperation 

Strategy to the island of Hispaniola, creating a ‘development hypothesis’ from which to construct 

a ‘results framework’ suited to addressing the ecological needs of Haiti with direct involvement 

by the Dominican Republic.  

Regardless of the debate and the varying degrees of perception, international society has 

reached the critical point at which policy-makers, natural and social scientists, environmentalists 

and even those held culpable for the most egregious acts against nature must find agreement in 

order to reach the common goal of sustainability in Haiti. Education for sustainability must 

therefore advance an understanding that in order to create a systems-thinking worldview, it must 

be first understood that environmental problems do not exist in isolation from economic 
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challenges, and in many cases dictate the direction of economic wellbeing. Given this realization, 

governments, aid agencies, and international organizations committed to change must therefore 

be reeducated to a new understanding that takes into account the higher values of nature, and its 

contribution to everything contained within its boundaries. The emergence of Haiti from its 

current state of ecological marginalization will signal to the world that this goal of sustainability 

education is achievable. 
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Addendum ‘A’  

Farmers Survey Questionnaire 

This survey has been designed with the intention of gathering information about small farming conditions 

in your local community. This survey can either be read by the person providing the answers, or read to 

the person with the answers and their responses written down by another person. The person helping 

should not modify the answers beyond translating and clarifying the accurate meaning. 

Thank you for taking the time to participate. Please read (or listen while being read) this consent carefully 

before you decide to participate in this survey. Your participation is completely voluntary. There is no 

penalty for not participating. You can withdraw from the survey at any time without penalty, and you do 

not have to answer any question you do not wish to answer. All answers are confidential and you will not 

be identified in any reports or publications resulting from the study. There are no known risks associated 

with this study, and there is no compensation or other direct benefit to you for participation. 

By placing your mark or initials at the end of this sentence, you are agreeing that you have read this 

statement, or this statement has been read to you, and you are aware of your rights so far as this survey is 

concerned (Place your mark or initials here)_______________________ [I do not give up any of my 

legal rights by signing this form!] 

This survey has 9 (nine) pages and 40 (forty) questions. 

 

Gender and Age Data 

Date of survey_______________________ 

o Male 

o Female 

Age Range: 

o 18-24 

o 25-30 

o 31-39 

o 40-49 

o 50-59 

o 60-69 

o 70 or older 
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PART I: Land Use Assessment 

1. Please select one of the following answers to describe what you do: 

o I am not a farmer – meaning I purchase all my household food 

o I am a part-time farmer – some of my household food is grown or gathered, and either eaten or 

sold 

o I am a full-time farmer – this is my major time commitment, and the products are either eaten or 

sold or both 

2. Do you: (please check the answer that best apply) 

o Own the land on which you farm  

o Lease or rent the land on which you farm 

o Work on land that is owned by member/s of your family (Family permission) 

o Work the land as a sharecropper 

o Work on land owned by the government 

o Work the land but does not own, lease, or have family permission – using available land without 

official connection to the land 

3. Size of land parcel: ________ACRE / HECTARE (circle correct unit) 

4. Portion currently in agricultural production: _________ACRE / HECTARE (circle correct unit) 

5. Are you currently producing crops? 

o NO 

o YES 

6. If yes, what types of crops are you producing now? Please indicate if any crops are 

sold_________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

7. Do you raise animals other than poultry? 

o NO 

o YES 

If yes, how many and what types of animals do you raise? (Example: 10 goats, 4 pigs). Please indicate 

how many animals, if any, are sold per year 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

8. Do you raise poultry?  

o NO 

o YES 
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If yes, where do you rear them, how many, and what types of poultry do you rear? (Example: on the farm, 

at home, 20 ducks, 20 chickens) Please indicate how many animals, if any, are sold per year 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

9. Which of the following practices of fertilizer use applies to you? 

o I do not use animal or poultry manure 

o I only use animal manure 

o I only use poultry manure 

o I use compost  

o I use chemical fertilizer on my crops 

10. What is your best producing 

crop?________________________________________________________________________________

_____________________________________________________________________________________ 

11. Based on your knowledge of the local community, what is the best producing crop in the 

area?________________________________________________________________________________

_____________________________________________________________________________________ 

12. Do you make compost for your farm? 

o NO 

o YES  

13. Are you aware of anyone who makes/or use compost in your area or local community? 

o NO 

o YES 

If you answered ‘yes’ above, what materials are being to make 

compost?_____________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

14. Does your land include access to  water? (Example: ditch, pond, stream, well)  

o NO 

o YES 

If no, do you irrigate your 

crops?_______________________________________________________________________________

_____________________________________________________________________________________ 

How do you irrigate your crops? (Example: by use of buckets, bottom , flooding, drip 

irrigation)____________________________________________________________________________

_____________________________________________________________________________________ 
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15. Do you grow fruit trees on your farm or agricultural plot? 

o NO 

o YES 

If yes, name the types of fruit trees you 

grow________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

What other types of valuable trees do you have on or near your agricultural 

plot?_________________________________________________________________________________ 

16. Do you prepare the land for producing your crops by ‘slash and burn’ - that is, by chopping down 

trees and burning the dry piles later? 

o NO 

o YES 

If no, what methods do you use to clear the 

land?________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

17. What use do you make of trees that are chopped down on land cleared for agriculture production 

(leaves; branches; trunk; roots)? 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

18. Do you make, use or sell charcoal? Check all that apply.  

o Yes, I make charcoal 

o No, I do not make charcoal 

o Yes, I use charcoal 

o No, I do not use charcoal 

o Yes, I sell charcoal 

o No, I do not sell charcoal 

19. If you make charcoal, what type of shrub or tree do you consider best for making 

it?___________________________________________________________________________________

_____________________________________________________________________________________  
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PART II: Production Inputs 

20. What resources do you have access to for your agricultural activities? 

o Electricity 

o Water Pumps 

o Transportation to market 

o Telephone (cellphone) service  

21. What is your soil type? ________________________Don’t know, but I would describe my soil as: 

_____________________________________________________________________________________ 

22. Have you ever tested your soil? 

o NO 

o YES 

23. Do you have a problem with any of the following? (Please rate it from ‘low’ to ‘high’ priority) 

 Soil 
Quality 

Size of 
Land 

Soil 
Erosion 

Floodin
g 

Labor or 
Farm help 

Transportatio
n 

Irrigation 

Low        

Medium        

High        
 

24. Do you believe that there are enough trees in your community? (Give reasons for your answer) 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

25. Do you believe there is enough rich soil on your farm to adequately produce the crops you wish to 

grow? 

o NO 

o YES 

If you answered ‘no’ above, how do you think the problem can be 

solved?______________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________  
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PART III: Production 

26. Do you receive assistance or advice from the Ministry of Agriculture, Natural Resources and Rural 

Development? 

o NO 

o YES 

If yes, what type of assistance or advice do you receive, and when was the last time you received 

assistance or 

advice?______________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

27. Are there any groups, local or overseas organizations, colleges or universities that provide advice or 

assistance to you about farming? 

o NO 

o YES  

If yes, what type of assistance or advice do you 

receive?______________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

28. Where do you get most of your advice from about farming? 

o Other farmers 

o NGO’s 

o Community leaders  

o Other (Please state) ______________________________________________________________ 

29. What type of wild animals cause the biggest problems for 

you?_________________________________________________________________________________ 

30. List the insect pests that are the major problem to 

you__________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

31. List the crop diseases that are a major 

problem______________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________  
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PART IV: Marketing  

32. Do you sell your crop produce, livestock or poultry?  

o NO 

o YES  

If yes, where or who do you sell 

to?__________________________________________________________________________________ 

33. Are you a part of any marketing association or producer cooperative in your farming community? 

o NO 

o YES 

If yes, what is the name of the marketing association or producer cooperative? (Your answer will be keep 

confidential)__________________________________________________________________________   

34. What are the biggest challenges in getting your products to market? 

_____________________________________________________________________________________ 

35. Which of the following would be the most helpful in improving your agricultural endeavor? 

(Check all that you think would be of help to you) 

o Information and assistance with making rich soil in your farm or garden 

o Information and assistance with growing food crops 

o Information and assistance with growing fruit trees 

o Information and assistance with growing crops for making charcoal 

o Marketing assistance 

o Regular visits from an agronomist 

o Farmers’ cooperative or producer organization to support local farming 

o Other: _____________________________________________________________ 

36. How important are the following suggestions in helping you improve your production or marketing? 

(Rank these in order from 1 to 5, with 5 being the most important, and 1being the least important) 

o Newsletter providing illustration of soil building techniques (  )     

o Website (accessible to mobile phones) with information on small farming (  ) 

o Marketing assistance (  ) 

o Visited by an agronomist (  )    

o Farmers’ cooperative or producer organization (  ) 
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PART IV: External Factors 

37. Are there periods during the growing season when too much rain or drought destroyed or damaged the 

crop or harvest? 

o NO 

o YES 

If yes, how often does this happen?_______________________________________________________ 

38. Do you have access to the following? (Check all that apply) 

o Agricultural credit or loans 

o Micro-loans or micro-credit 

o Other type/s of loans or credit not listed here 

o None of the above  

39. Have you, or anyone else in your household, ever used an improved or “clean” cookstove for cooking 

your meals at home? 

o NO 

o YES 

o I don’t know what an improved or “ clean” cookstove is 

40. If you answered yes above, what type of fuel material (Example: wood chips, twigs, paper briquettes) 

do you use in the improved 

cookstove?____________________________________________________________________________

_____________________________________________________________________________________ 

41. Where do you source the fuel material used in the improved or clean 

cookstove?____________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

42. Does the improved cookstove produce char or 

ash?_________________________________________________________________________________  

If char, what do you (or others) do with the char produced in the 

cookstove?____________________________________________________________________________

_____________________________________________________________________________________ 

Additional Comments about the entire survey: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

(See follow up request on next page)  
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Would you be willing to participate in a follow up survey in the future?  

o NO 

o YES 

Would you like someone to report back about the results of the survey and the larger research program 

this survey is part of?  

o NO 

o YES 

If ‘Yes’ to either of the last two questions, who should we get back to? (Provide name and telephone or 

cell number) 

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

Name of interviewer (If applicable) 

Signature of interviewer 

______________________________ 

Survey Date______________________________ 
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Addendum ‘B’  

Farmers Survey [Results] 

This survey has been designed with the intention of gathering information about small farming conditions 

in your local community. This survey can either be read by the person providing the answers, or read to 

the person with the answers and their responses written down by another person. The person helping 

should not modify the answers beyond translating and clarifying the accurate meaning. 

Thank you for taking the time to participate. Please read (or listen while being read) this consent carefully 

before you decide to participate in this survey. Your participation is completely voluntary. There is no 

penalty for not participating. You can withdraw from the survey at any time without penalty, and you do 

not have to answer any question you do not wish to answer. All answers are confidential and you will not 

be identified in any reports or publications resulting from the study. There are no known risks associated 

with this study, and there is no compensation or other direct benefit to you for participation. 

By placing your mark or initials at the end of this sentence, you are agreeing that you have read this 

statement, or this statement has been read to you, and you are aware of your rights so far as this survey is 

concerned (Place your mark or initials here)_______________________ [I do not give up any of my 

legal rights by signing this form!] 

This survey has 9 (nine) pages and 42 (forty-two) questions. 

 

Gender and Age Data 

Date of survey_______________________ 

o Male……………………………………………………………………………………66% 

o Female…………………………………………………………………………………34% 

Age Range: 

o 18-24………………………………………………………………………………….7% 

o 25-30………………………………………………………………………………….0% 

o 31-39………………………………………………………………………………….43% 

o 40-49………………………………………………………………………………….24% 

o 50-59………………………………………………………………………………….14% 

o 60-69………………………………………………………………………………….10% 

o 70 or older…………………………………………………………………………….2% 
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PART I: Land Use Assessment 

1. Please select one of the following answers to describe what you do: 

o I am not a farmer…………………………………………………………………………….0%  

o I am a part-time farmer………………………………………………………………………8%  

o I am a full-time farmer ………………………………………………………………………92% 

2. Do you: (please check the answer that best apply) 

o Own the land on which you farm …………………………………………………….............77% 

o Lease or rent the land on which you farm…………………………………………………….23% 

o Work on land that is owned by member/s of your family (Family permission)…....................0% 

o Work the land as a sharecropper……………………………………………………................0% 

o Work on land owned by the government……………………………………………................0% 

o Work the land but does not own, lease, or have family permission – using available land without official 

connection to the land…………………………………………………………………………0% 

3. Size of land parcel: ________   ACRE / HECTARE………Av. lease = 11.4 hectares./ Av. Owned = 2 hectares 

4. Portion currently in agricultural production: _________ACRE / HECTARE (circle correct unit) 

5. Are you currently producing crops? 

o NO……………………………………………………………………………………………..2% 

o YES…………………………………………………………………………………………….98% 

6. If yes, what types of crops are you producing now? Please indicate if any crops are sold 

 

 

 

7. Do you raise animals other than poultry? 

o NO………………………………………………………………………………………………………50% 

o YES……………………………………………………………………………………………………..50% 

If yes, how many and what types of animals do you raise? (Example: 10 goats, 4 pigs). Please indicate how many 

animals, if any, are sold per year 

 

 

 

 

Men: Mainly mango, bananas and plantains, maize, beets and okra 

Women: Mainly cassava, pepper, tomato, leafy vegetables 

Average cattle (Men) = 8; Average Cattle (women) = 2; Average goats (women) = 4; Average goats (men) = 6; 

Average donkeys (Men) = 0.5; Average donkey (Women) = 1 
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8. Do you raise poultry?  

o NO…………………………………………………………………………………………77% 

o YES………………………………………………………………………………………..33% 

If yes, where do you rear them, how many, and what types of poultry do you rear? (Example: on the farm, 

at home, 20 ducks, 20 chickens) Please indicate how many animals, if any, are sold per year 

 

 

 

9. Which of the following practices of fertilizer use applies to you? 

o I do not use animal or poultry manure…………………………………………………………...0% 

o I only use animal manure………………………………………………………………………..0% 

o I only use poultry manure………………………………………………………………………..0% 

o I use compost ……………………………………………………………………………………0% 

o I use chemical fertilizer on my crops…………………………………………………………….2% 

10. What is your best producing crop? 

 

 

 

11. Based on your knowledge of the local community, what is the best producing crop in the area? 

 

 

12. Do you make compost for your farm? 

o NO…………………………………………………………………………………………100% 

o YES ……………………………………………………………………………………….0% 

13. Are you aware of anyone who makes/or use compost in your area or local community? 

o NO…………………………………………………………………………………………86% 

o YES………………………………………………………………………………………..4% 

If you answered ‘yes’ above, what materials are being to make compost 

 

 

Average Poultry (Women) = 20; Average Poultry (Men) = 200; 

Sold per year: (Women) = 0% to 50%; Sold per year (Men) = 100% 

Beans, bananas and plantains, beets, mango, citrus 

Mango, citrus, bananas and plantains, beets, vegetables 

Leaves, bagasse, rice husk 
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14. Does your land include access to water? (Example: ditch, pond, stream, well)  

o NO………………………………………………………………………………………..64% 

o YES………………………………………………………………………………………36% 

If no, how do you irrigate your crops? (Example: Hand water by use of buckets, traditional flooding, drip 

irrigation) 

 

 

15. Do you grow fruit trees on your farm or agricultural plot? 

o NO………………………………………………………………………………………33% 

o YES……………………………………………………………………………………..67% 

If yes, name the types of fruit trees you grow 

 

 

What other types of valuable trees do you have on or near your agricultural plot? 

 

 

16. Do you prepare the land for producing your crops by ‘slash and burn’ - that is, by chopping down 

trees and burning the dry piles later? 

o NO………………………………………………………………………………………12% 

o YES……………………………………………………………………………………..88% 

If no, what methods do you use to clear the land? 

 

 

 

17. What use do you make of trees that are chopped down on land cleared for agriculture production 

(leaves; branches; trunk; roots)?  

 

 

 

Rain – 62%; Traditional flooding - 36%; Hand watering – 2% 

 

Mango, citrus, (Barbados) Cherry 

Neem, Gaiac, Moringa 

Hand weeding – 3%; hoeing – 7%; tractor – 2% 

Charcoal – 67%; Firewood – 28%; sold for wood carving – 5% 
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18. Do you make, use or sell charcoal? Check all that apply.  

o Yes, I make charcoal……………………………………………………………………….2% 

o No, I do not make charcoal…………………………………………………………………88% 

o Yes, I use charcoal………………………………………………………………………….94% 

o No, I do not use charcoal……………………………………………………………………6% 

o Yes, I sell charcoal………………………………………………………………………….14% 

o No, I do not sell charcoal……………………………………………………………………86% 

 

19. If you make charcoal, what type of shrub or tree do you consider best for making it? 

  

 

 

PART II: Production Inputs 

20. What resources do you have access to for your agricultural activities? 

o Electricity……………………………………………………………………………….0% 

o Water Pumps……………………………………………………………………………5% 

o Transportation to market………………………………………………………………..68% 

o Telephone (cellphone) service………………………………………………………….100%  

21. What is your soil type?                                     Don’t know, but I would describe my soil as:  

 

 

22. Have you ever tested your soil? 

o NO…………………………………………………………………………………….98% 

o YES……………………………………………………………………………………2% 

23. Do you have a problem with any of the following? (Please rate it from ‘low’ to ‘high’ priority) 

 Soil 
Quality 

Size of 
Land 

Soil 
Erosion 

Flooding Labor or 
Farm help 

Transportation Irrigation 

Low N=3 N=1 N=7 N=3 N=12 0 N=5 

Medium N=15 N=39 N=29 N=1 N=26 0 N=13 

High N=26 N=4 N=8 N=40 N=6 N=44 N=26 
 

 

Mango, Neem (Lilac), Gaiac 

Mostly clay 

Answers included (Brown soil, sandy soil, clay, black soil, dark loam) 
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24. Do you believe that there are enough trees in your community? (Give reasons for your answer) 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

25. Do you believe there is enough rich soil on your farm to adequately produce the crops you wish to 

grow? 

o NO………………………………………………………………………………………..75% 

o YES………………………………………………………………………………………25% 

If you answered ‘no’ above, how do you think the problem can be solved? 

_____________________________________________________________________________________

_____________________________________________________________________________________

______________________________________________________________________________ 

 

PART III: Production 

26. Do you receive assistance or advice from the Ministry of Agriculture, Natural Resources and Rural 

Development? 

o NO……………………………………………………………………………………..100% 

o YES……………………………………………………………………………………0% 

If yes, what type of assistance or advice do you receive, and when was the last time you received 

assistance or advice? 

_____________________________________________________________________________________

_____________________________________________________________________________________

______________________________________________________________________________ 

27. Are there any groups, local or overseas organizations, colleges or universities that provide advice or 

assistance to you about farming? 

o NO………………………………………………………………………………………100% 

o YES …………………………………………………………………………………….0% 

If yes, what type of assistance or advice do you receive? 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

 

100% answered ‘No’ (n=44) 

Answered included – trucking in soil, ‘building up’ the soil, fertilizer application, planting trees 
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28. Where do you get most of your advice from about farming? 

o Other farmers…………………………………………………………………………….88% 

o NGO’s……………………………………………………………………………………5% 

o Community leaders………………………………………………………………………0%  

o Other (Please state) 

  

29. What type of wild animals cause the biggest problems for you? 

 

 

30. List the insect pests that are the major problem to you 

_____________________________________________________________________________________

_____________________________________________________________________________________

__________________________________________________________________________________ 

31. List the crop diseases that are a major problem 

_____________________________________________________________________________________

_____________________________________________________________________________________

______________________________________________________________________________  

 

PART IV: Marketing  

32. Do you sell your crop produce, livestock or poultry?  

o NO……………………………………………………………………………………….11% 

o YES………………………………………………………………………………………89%  

If yes, where or who do you sell to? 

 

 

33. Are you a part of any marketing association or producer cooperative in your farming community? 

o NO……………………………………………………………………………………….100% 

o YES………………………………………………………………………………………0% 

If yes, what is the name of the marketing association or producer cooperative? (Your answer will be keep 

confidential)   

 

Cattle, chickens, goats 

Answers include (worms, caterpillars, small white flies, aphids) 

Black Sigatoka on bananas, fungus on vegetables 

Market, community residents, schools 

N/A 
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34. What are the biggest challenges in getting your products to market? 

_____________________________________________________________________________________ 

35. Which of the following would be the most helpful in improving your agricultural endeavor?  

(Check all that you think would be of help to you) 

o Information and assistance with making rich soil in your farm or garden………………93% 

o Information and assistance with growing food crops……………………………………5% 

o Information and assistance with growing fruit trees…………………………………….0% 

o Information and assistance with growing crops for making charcoal…………………...39% 

o Marketing assistance……………………………………………………………………..100% 

o Regular visits from an agronomist……………………………………………………….55% 

o Farmers’ cooperative or producer organization to support local farming……………….100% 

o Other: _____________________________________________________________ 

 

36. How important are the following suggestions in helping you improve your production or marketing? 

(Rank these in order from 1 to 5, with 5 being the most important, and 1being the least important) 

o Newsletter providing illustration of soil building techniques (1) ………………………. 66%  

o Website (accessible to mobile phones) with information on small farming (2)………….68% 

o Marketing assistance (4)………………………………………………………………….82% 

o Visited by an agronomist (3)……………………………………………………………..70%    

o Farmers’ cooperative or producer organization (5)………………………………………86.3% 

 

PART V: External Factors 

37. Are there periods during the growing season when too much rain or drought destroyed or damaged the 

crop or harvest? 

o NO……………………………………………………………………………………….0% 

o YES………………………………………………………………………………………100% 

If yes, how often does this happen? 

38. Do you have access to the following? (Check all that apply) 

o Agricultural credit or loans………………………………………………………………0% 

o Micro-loans or micro-credit……………………………………………………………..0% 

o Other type/s of loans or credit not listed here……………………………………………0% 

o None of the above ……………………………………………………………………….100% 

39. Have you, or anyone else in your household, ever used an improved or “clean” cookstove for cooking 

your meals at home? 

o NO………………………………………………………………………………………34% 

o YES……………………………………………………………………………………..27% 

Transportation – 36%; Roads – 64% 

Every year (May, June July August September, November) 
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o I don’t know what an improved or “ clean” cookstove is………………………………39% 

 

40. If you answered yes above, what type of fuel material (Example: wood chips, twigs, paper briquettes) 

do you use in the improved cookstove? 

_____________________________________________________________________________________

____________________________________________________________________________ 

 

41. Where do you source the fuel material used in the improved or clean cookstove? 

_____________________________________________________________________________________

_____________________________________________________________________________________

____________________________________________________________________________ 

 

42. Does the improved cookstove produce char or ash? 

_________________________________________________________________________________  

 

If char, what do you (or others) do with the char produced in the cookstove? 

_____________________________________________________________________________________

____________________________________________________________________________ 

Additional Comments about the entire survey: 

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________

_____________________________________________________________________________________ 

(See follow up request on next page)  

Would you be willing to participate in a follow up survey in the future?  

o NO……………………………………………………………………………………..75% 

o YES……………………………………………………………………………………25% 

Would you like someone to report back about the results of the survey and the larger research program 

this survey is part of?  

o NO………………………………………………………………………………………75% 

o YES……………………………………………………………………………………..25% 

If ‘Yes’ to either of the last two questions, who should we get back to? (Provide name and telephone or 

cell number) 

Rice husk; dry twigs 

Briquettes provided by donor NGO’s; Rice husk from farms 

Ash (only answer provided) 

N/A 

Sample responses: NGO’s should help farmers more or they should leave; Government is useless; We 

need loans; Women farmers receive no help from anyone; Fix the roads; Help us to dig more wells; 

Help us fight plant diseases; We need schools for farmers, not only for children; We need better 

transportation; We need more seeds; We need Haitian plant seeds; Build better marketplaces. 
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_____________________________________________________________________________________

_____________________________________________________________________________________ 

 

 

Addendum ‘C’: Soil Test Results 
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Addendum ‘D’: Micro-Nutrients Report 

 


