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I. Beyond Socializing the pixel/pixelizing the social for clandestine transactions 
 

In a world of globally teleconnected financial markets where large amounts of capital transfers 

mediate population-environment relationships in unexpected ways (Galaz et al. 2015) a new 

emphasis is needed beyond the pixelizing/socializing dichotomy.  In particular, understanding the 

role of clandestine political and economic exchanges, those that reside outside formal rules or 

governance or violate informal norms (North 1990; Helmke and Levitsky 2004), in land use 

change will require both leveraging social science insights (from political science, political 

ecology, new institutional economics) regarding how capital operates in land systems with land 

systems science (LSS) insights to quantify landscape patterns. This paper reviews progress made 

since People and Pixels and the potential to understand political and economic illicit activity at 

land scape scales, provides a conceptual framework to link clandestine transactions to landscape 

patterns, and provides an empirical example of doing so to study narco deforestation.  

 

Twenty years ago in People and Pixels Geoghegan et al (1998) outlined efforts to “pixelize the 

social” by aggregating pixel observations of land change to the “scale” of social data (often surveys 

and census) to understand drivers of change or conversely “socialize the pixel”  by using pixel 

information to infer social behavior or process, sometimes leveraging it to model land change 

processes (through Markovian modeling, for example (Shafizadeh Moghadam and Helbich 2013)). 

In the decades that followed, much of the research agenda of People and Pixels was taken up by 

Land Systems Science, (LSS), a research community that aims to observe change, understand the 

cause, develop spatially explicit models, and assess the vulnerability, resilience, and sustainability 

outcomes (Turner II et al. 2007). Yet most progress has only been made in “pixeling the social” 

for two main reasons: i) the post-positivist orientation of Land System Science, and ii) advances 

in pixel-based and biophysical data far outpacing social data. LSS has tended to use quantitative 

approaches and hypothesis testing to understand the timing, location, causes, and consequences of 

land use and land cover change.  The outcomes of theses analyses are used to revise or build theory.  

For example following earlier work in cultural ecology, LSS has examined structure and agency, 

with innovative approaches combining remote sensing with household survey data (Chowdhury 

and Turner 2006), and using regression modeling techniques to test theory across scales (Laney 

2002). Pixelizing social data has been a useful approach with the post-positivist epistemological 

orientation that phenomena can be mostly understood through observation and data collection. 

This orientation recognizes that full objectivity is not possible, and limitations and biases that arise 

should at a minimum be explicitly recognized and at best make use of qualitative data to understand 

the implications. LSS has subsequently leaned on mainly quantitative methods that involve 

pixelizing social data.  
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Advances in pixel-based data since 1998 are impressive in terms of spatial and temporal resolution, 

types of sensors, and increased availability. Since NASA opened the Landsat archive in 2008, 

other space agencies have followed suit (e.g. ESA and Sentinel), making data open access, free, 

and even developing tools and significant amounts of funding to encourage its use. New 

technology and computing has allowed researchers to mine the satellite record and create dense 

annual, monthly, weekly, and even near daily time series of changes in forest (Hansen et al. 2013) 

and water (Pekel et al. 2016) at 30m resolutions globally. New commercial microsatellites, such 

as Planet, allow research to assess change at daily 3-5 meter resolution on a near daily basis, even 

in remote regions of the Artic (Cooley et al. 2017).  

 

Thus, people and pixel relationships that were previously understood in terms of aggregate changes 

in coarse 5 or 10 year intervals can be now be evaluated annually, globally. These dense time series 

over large spatial scales fosters econometric methods that allow for stronger causal inference over 

longitudinal panels to yield insights regarding deforestation and land tenure changes (Blackman et 

al. 2017) deforestation and soy moratoriums Arima et al 2011), grassland degradation and the US 

conservation reserve program (Sylvester et al. 2016), and urban change with foreign direct 

investment (Seto and Kaufmann 2003). The temporal relationships that can be investigated with 

new “analysis ready” data, especially to understand the role of illicit economies on environmental 

change, has yet to occur. 

 

Social data has not advanced, until very recently, at the same pace as pixel based biophysical data, 

and is seldom analysis ready. While data mining of social media and cell phone data represents 

innovations to some degree, this data is noisy and unrepresentative of populations, because not 

everyone has access to and makes use of this technology. Recent attempts to “socialize the pixel,” 

such as poverty mapping initiatives (Watmough et al. 2016; Jean et al. 2016), find pixel based 

patterns that indicate social conditions with relatively high accuracy. Yet, these machine learning 

based methods throw social theory into a “black box,” and the high predictability of poverty may 

not have accessible theoretical explanations, or even more problematic, implications. Thus, results 

from these new methods to socialize the pixel may be limited in their ability to advance theory 

about human environment relationships.  

 

Social science disciplines such as Political Ecology have excelled at explaining the process and 

mechanisms of how and why land use changes including the role of clandestine and illegal activity. 

Examples include deforestation in Southeast Asia (Forest Watch Indonesia et al. 2002; Ravenel et 

al. 2005), land “grabs” for export agriculture in the developing world (Ruilli et al. 2012; Wolford 

et al. 2013; Le Billon and Sommerville 2016), urbanization and infrastructure development 

(Leitmann and Baharoglu 1998; Weinstein 2008; Baskaran et al. 2015; Henderson et al. 2016), 

and agricultural development for revenue generation by terrorist groups like ISIS (Jaafar and 

Woertz 2016). Much of this research has largely been based on observational narratives; few, if 

any, quantitative studies on the role of these activities exist (but see (Ruilli et al. 2012; Jaafar and 

Woertz 2016). Most of these explanations are often limited to one site and difficult to make claims 

generalizable at landscape scales (Turner and Robbins 2008). The research intent of these studies, 

qualitative methods employed, or focus of power as a central phenomena of study means they do 

not “socialize” the pixel, or attempt to inferring social science from landscape patterns. Yet to 

understand illicit activity linking pattern with process is key. 

 



Those typically “pixeling the social,” – land change scientists- identify political and economic 

power in the form of corruption as an important contextual factor (Lambin et al. 2001; Rudel et al. 

2005), but these factors have yet to be placed as a primary research question, let alone into land 

projection models. Thus, a paucity of data, research risks, and epistemological and methodological 

divides between those “pixeling” and “socializing” may have precluded researchers from formally 

modeling clandestine activity. Yet by failing to account for these kinds of drivers in landscape 

scale model, we miss understanding how and where large amounts of illicit capital finance and 

distort land governance and land use regulation.  

 

People and Pixels set a research agenda that made considerable progress on understanding land 

change through the motivations of land users, often at a household scale. This focus lends itself to 

understanding “small-time” illicitness measurable at this unit of analysis, such as poaching or rule- 

breaking, which influences environmental systems to some degree (e.g. Robbins et al 2009). 

However, this very local focus misses the role of informal institutions led by actors with 

considerable power that shape land systems. “Illicit” activity may leave its trace on the landscape 

in ways that can be measured by understanding the unique patterns it creates that are different than 

the patterns created by thousands of households engaging in traditional socioeconomic behavior. 

 

An emphasis on “pixelizing” social data to the “finest” possible scale as a starting point can cause 

hyper focus on proximate causes of land change. A deeper understanding of distal causes, may be 

achieved either by analyzing a “coarser” unit of analysis and developing spatial structure of 

relationships through networks or weight matrices.  For example, while building roads and 

increasing population pressure may be proximate causes of Amazonian deforestation at the “pixel” 

level, indirect drivers of land change, like global beef demand or national soy moratoriums, may 

be best measured at another scale of analysis, such as municipal districts in a linked spatial 

structure (Arima et al. 2011). In this example, new pasture frontiers in the Amazon may be linked 

to displaced pasture in from other non-frontier municipalities. New human-environment 

relationships or modification of past theory may be revealed as the researcher can “zoom out” from 

the pixel and examine empirically how landscape pattern may link to distal processes thanks to 

advancements in computing power and increasingly open or accessible data on political and 

economic transactions.  

 

As financial data leaks from the “Panama” and “Paradise” papers are better studied for example, 

new relationships between tax havens and available capital for illegal deforestation in Indonesia 

are revealed (Alecci 2017). Understanding these relationships is not about choosing the “right” 

level of aggregation to combine social and pixel data- but rather the appropriate linkages between 

units operating at the same scale. The teleconnection literature is making headway in addressing 

both conceptual and methodological challenges in this regard (Yu et al 2015 (Eakin et al. 2014; 

Munroe et al. 2014)) but applications to illicit activity have yet to emerge. Advances have been 

made to linking economic data such as GDP growth, prices of land and commodities, and 

development indices (Irwin and Geoghegan 2001; Seto and Kaufman 2003; Lambin and Meyfroidt 

2010) or institutional data regarding tenure or governance rules (Ostrom and Nagendra 2006; 

Wright et al. 2016; Blackman et al. 2017) by aggregating area and types of land use changes to 

political and economic geographical units. However, social data to understand illicit activity may 

not be so straightforward to “pixelize” as traditional data in the above examples on socio-economic 

systems, because it is not found in surveys, census, government records in straightforward ways. 



Both new social data-from wikileaks, the Panama papers, cellphones, and crime data available 

through transparency laws- as well as more creative uses of long existing social data - voting 

records, municipal budgets, corporate financial information, zoning regulation changes, city 

nuisance complaints (Rodriguez Lopez et al. 2017) , trade and commodity flows, utility bills, and 

media content analysis can represent clandestine activity. However, a strong understanding of the 

mechanism of illicit activity involved and land change observed is required to develop proxy data 

that indicates the presence of clandestine transactions over time and space. This difficult task calls 

for even more interdisciplinary collaboration between land change scientists and political 

ecologists. 

 

The combination of increasing temporal and spatial resolution of “analysis ready” pixel datasets 

together with improved access to data to directly measure or serve as proxy for illicit activity can 

aid the study of clandestine transactions and landscape dynamics. High spatio-temporal resolution 

of pixels allows the researcher to define distinct “objects”, such as reservoirs, individual 

agricultural parcels and sizes, patches of forest, mines, or housing developments, and analyze the 

pattern and landscape architecture (Turner et al. 2013) which they produce.  Aggregating pixels to 

objects, extracting appropriate variables that describes the patterns such objects produce, 

summarizing the pattern at the (often coarse) spatial scale at which clandestine activity can be 

meaningfully detected given measurement uncertainty, and finally statistically relating the 

landscape pattern to the social data is the new frontier that must be developed to understand illicit 

activity at landscape scale. This paper provides a conceptual framework to link clandestine 

transaction to landscape patterns, and provides an empirical example of doing so to study narco 

deforestation.  
 

 
 

FIGURE 1 Phenomena and processes studied to understand clandestine activity in the Land SES. Author’s own, inspired 
by Turner et al (2007) and Ostrom (2011) 



 

I. Conceptual framework to study clandestine transactions and landscape dynamics 
 

This conceptual framework focuses on land dynamics that occur as a result of these clandestine 

activity, which is only one of many potential drivers of land-use intensity and land use and cover 

changes. Clandestine activity that changes land use is a result of exchanges between agents with 

power and agents with needs, shaped by existing formal governance regulations. The agent with 

power possess political, economic, or informational capital, while the agent with needs requires 

services (such as water), rights (such as land titles), or security (protection from violence if the 

agent with power uses violence to enforce the contract). The agents bring needs and power to the 

action arena that defines the incentives, positions, and payoffs for each. One potential outcome of 

this interaction is an increase in capital inputs in land (see figure 1).  

 

Formal governance regulations (e.g. the State) play an important role in shaping the action arena. 

In a socially democratic society, basic agents’ needs are guaranteed by the state as a social contract 

to govern (Rousseau 1762). Agents with needs may express their unfulfilled demands to the 

government, by mobilizing their political capital to protest or cast votes in an election. In principle, 

the State responds and develops new programs to deliver services.  If this fails, citizens become 

agents with needs and may seek informal mechanisms to gain access to basic human rights.  

 

For example, government quotas regarding land uses may increase scarcity (e.g., laws against 

deforestation or urbanization), and these land rents could be captured by agents with power to 

provide access to that land and earn a large payoff. Overly bureaucratic regulations by the state 

could increase the transaction costs to the degree that agents with needs can fulfill needs more 

efficiently via exchanges with agents with power outside formal channels. In general, weak formal 

governance institutions that lack transparency and feedback mechanisms between the State and its 

citizens via participation and transparent elections can also shape the action situation in ways that 

are favorable for clandestine activity.  

 

The exchange in clandestine activity can have an impact on the biophysical system because it can 

induce land-use changes that increase land-use intensity (red arrow to blue dotted box). My 

definition of land-use intensity is similar to that for agricultural intensification (see Brookfield 

1972; Lambin, Rounsevell, and Geist 2000; Turner and Doolittle 1978)— as exchanging inputs of 

capital, labor and skills to increase something, in this case profit, from a given area of land. In 

general, increasing capital inputs to increase profits from land will also degrade the range and 

amount of ecosystem services land provides, however this is not always the case. Capital can be 

used to convert land from industrial agriculture to silvo-pastoral uses and result in an increase in 

ecosystem services if animal loads are managed appropriately (Amézquita et al. 2004). 

 

For example, in agricultural frontiers, illegal sales of indigenous land can result in forest 

conversion to pasture land. Money laundering of drug profits that is invested in forestland in the 

Mesoamerican biological corridor generates a change in land use from forest to palm oil plantation 

or a cattle ranch (McSweeney et al. 2017). Increases in land use intensity adds value (usually 

economic but sometimes political) to land. Agents with power can not only change land use 

intensity at faster rates than other actors, especially agents with needs, but also can gain access to 

change land use intensity in difficult to access areas through investments in economic capital 

(building new roads), leverage political capital (pay offs to regulators to avoid eviction or 



consequences), or use violence. This will likely create unique landscape signatures that can be 

measured by anomalous land changes in rate, shape, or absolute/relative location that may stand 

out from other types of land changes caused by an aggregate behavior of many small actors with 

less capital. 

 

The biophysical system changes can feedback onto the social system by increasing or decreasing 

power or needs for respective agents (blue dotted box to blue arrows). For example, once forested 

land is converted to cattle or oil palm, it is easier for the agent with power (like a narco trafficker) 

to launder money by registering a business with false profits.  This may increase the power or 

economic capital of the trafficker, further increasing the power differential between the agent with 

power and the agents with need, who may be coerced into making additional land exchanges to 

avoid experiencing violence. 
 

II. Relating land pattern to illicit process in Narcodeforestation 
 

One example of relating land patterns to illicit activity at landscape scales is by examining 

narcotrafficking and deforestation in Central America. Deforestation rates have broadly 

experienced a slowdown (Graesser et al. 2015), and in fact reforestation outpaces deforestation 

rates in all Central American counties (Hecht and Saatchi 2007). However, this is because moist 

tropical forest is being lost while industrial, timber, palm oil, and secondary dry tropical forest is 

gained (Redo et al. 2012; Aide et al. 2013). Deforestation rates for moist tropical forest remain 

high in Guatemala, Nicaragua, and Honduras (Armenteras et al. 2017; Schlesinger et al. 2017). 

Researchers with a long history of social science engagement in the region began to notice over 

the past decade new patterns of large, rapid, forest clearing in remote protected and indigenous 

areas (Grandia 2013; McSweeney et al. 2014; Mcsweeney et al. 2017). These patterns of 

deforestation were hypothesized, theorized, and observed to be linked to narco trafficking 

activities. Traffickers acquire and transform land as sites to logistically move cocaine through 

Central America, launder $6 billion per year in profits through cattle, oil palm, and other land 

based activities,  gain rights to frontier spaces by clearing forested areas to lay claim to territory, 

and build lasting political and economic capital through land (see McSweeney et al. (2017) for a 

full theorization). 

 

The hypothesis that large, rapid forest clearings could represent a signature of narco deforestation 

was tested by establishing variables to measure these characteristics using a ready to analyze 

Hansen Forest Loss data set (Hansen et al. 2013a).  Sesnie et al (2017) developed spatial and 

temporal pattern metrics for patches of forest loss for each country in Central America, and used 

a clustering algorithm to identify statistically “unique” groups of deforestation. We found this 

“anomalous” deforestation in several departments (sub national units) of Nicaragua, Honduras, 

and Guatemala were significantly correlated to cocaine flow data. Yet more stringent tests (BACI- 

Before After Control Impact (Conquest 2000)) revealed that only in Honduras was the increase in 

these anomalous patterns significant post 2005- the date cocaine transit dramatically shifted away 

from the Caribbean and into Central America. This shift was due to increased interdiction in 

Mexico and in Caribbean around 2006. Sesnie et al (2017) suggested that as much as 15-30% of 

deforestation- represented by these anomalous patterns appearing after this data- could be linked 

to drug trafficking. 

 



The research team continues to make headway to better quantify and theorize the role of cocaine 

in transforming rural landscapes - dubbed Landscapes in Transition, Central America- is now 

digging deeper into these relationships. Social scientists on the team aid in the development of 

appropriate proxies to include narcotrafficking variables in both fixed effects panel econometric 

methods and agent based models to quantify the role of the cocaine value change in comparison 

to or as an acceleration of conventional drivers of land change in the region (Tellman et al and 

Magliocca et al, ongoing research). This requires creative data collection and methodological 

techniques including spatializing media content analysis, systematizing spatio-temporal 

ethnographic knowledge, digitizing government records regarding environmental crimes, analysis 

of trafficking networks, illicit commodity chain analysis from sparse data, and more, to develop 

empirical evidence to quantify the intensity and location of cocaine trafficking over time in Central 

America.  All data is a valuable, yet partial, piece of a puzzle that does not lend itself to traditional 

methods employed to examine human-environmental relationships. The high degree of uncertainty 

in spatial and temporal measurement and extreme non-stationarity of drug trafficking challenges 

this work but has the potential to push forward both theoretical and methodological frontiers of 

linking landscape patterns to illicit processes. The methods developed here may be useful in 

understanding the role of illicit economies in other cocaine transit zones- Guinea Bissau has 

become a transit zone for cocaine in Africa and has experienced high deforestation over the last 

decade.  This work may also challenge conventional theory about land change processes- do 

frontier spaces deforest because of a combination of population change, infrastructure 

development, or increasing agricultural export markets? When do other types of clandestine capital 

(political or economic) influence land speculation and development that may accelerate or drive 

the direction of the agricultural frontier? I posit that answering this question requires new 

methodological developments far beyond “socializing the pixel/pixelizing the social.” 
 

III. Towards a research agenda and a political land change science 
 

Narcotrafficking and the cocaine economy is far from the only type of illicit economy or 

clandestine transaction influencing large scale landscape changes.  Land grabs, informal 

urbanization, payoffs to regulators to change land zoning rules or even land tenure, infrastructure 

placement decisions make through kickbacks, and many other types of clandestine transactions 

remain an unmeasured, but not immeasurable, influence on land systems and human-

environmental dynamics. The increase in both human and remote sensors, the computing power 

capable of separating the signal from the noise in ready to analyze time series, and an increasing 

culture of data access and transparency provide fertile ground to make the previously unexamined 

or heretofore undetectable landscape signatures of clandestine transactions to light.  Explicitly 

examining how the agency of clandestine actors shape the landscape requires bridging large 

divides between political ecology and land system science (Turner and Robbins 2008). Advances 

to “pixelize the social” have far outpaced “socializing the pixel,” and have focused on local scales 

and motivations to understand landscape changes. Even more interdisciplinary will be required to 

understand how illicit and economic capital transform land systems.  More of the social sciences- 

political ecology, institutional economics, economic geography, political science- are required to 

understand the mechanisms of illicit capital and identify potential proxy data. In kind, the spatial 

sciences are needed to develop pattern metrics that serve as indicators for the clandestine 

transactions described by the social sciences (in essence, socializing the pixel). Beyond just people 

and pixels, power and politics represent the next frontier of interdisciplinary inquiry for human- 

environment systems. Truly linking clandestine processes to landscape patterns calls for a more 



political land change science that continues to fulfill its mission of understanding the causes and 

consequences of land change. 
 

Acknowledgements 

 

Thanks to Karina Benessaiah, David Wrathall, Kendra McSweeney, Steve Sesnie, B.L. Turner II, 

and Jonathan Sullivan who provided invaluable comments and spirited discussion on this draft and 

the ideas within. 

 

References 
Aide TM, Clark ML, Grau HR, et al (2013) Deforestation and Reforestation of Latin America and the 

Caribbean (2001-2010). Biotropica 45:262–271. doi: 10.1111/j.1744-7429.2012.00908.x 

Alecci S (2017) Leaked Records Reveal Offshore’s Role In Forest Destruction. Int. Consort. Investig. 

Journalists  

Amézquita MC, Ibrahim M, Llanderal T, et al (2004) Carbon sequestration in pastures, silvo-pastoral 

systems and forests in four regions of the Latin American tropics. J Sustain For 21:31–49. 

Angelsen A, Kaimowitz D (1999) Rethinking the causes of deforestation: lessons from economic models. 

World Bank Res Obs 14:73–98. doi: 10.1093/wbro/14.1.73 

Arima EY, Richards P, Walker R, Caldas MM (2011) Statistical confirmation of indirect land use change 

in the Brazilian Amazon. Environ Res Lett. doi: 10.1088/1748-9326/6/2/024010 

Armenteras D, Espelta JM, Rodríguez N, Retana J (2017) Deforestation dynamics and drivers in different 

forest types in Latin America: Three decades of studies (1980–2010). Glob Environ Chang 46:139–

147. doi: 10.1016/j.gloenvcha.2017.09.002 

Baskaran T, Min B, Uppal Y (2015) Election cycles and electricity provision: Evidence from a quasi-

experiment with Indian special elections. J Public Econ 126:64–73. doi: 10.1016/j.jpubeco.2015.03.011 

Blackman A, Corral L, Lima ES, Asner GP (2017) Titling indigenous communities protects forests in the 

Peruvian Amazon. Proc Natl Acad Sci 114:4123–4128. doi: 10.1073/pnas.1603290114 

Brookfield HC (1972) Intensification and disintensification in Pacific agriculture: a theoretical approach.  

Chowdhury RR, Turner BL (2006) Reconciling agency and structure in empirical analysis: Smallholder 

land use in the Southern Yucat??n, Mexico. Ann Assoc Am Geogr 96:302–322. doi: 10.1111/j.1467-

8306.2006.00479.x 

Conquest LL (2000) Analysis and Interpretation of Ecological Field Data Using BACI Designs: Discussion. 

J Agric Biol Environ Stat 5:293. doi: 10.2307/1400455 

DeFries RS, Rudel T, Uriarte M, Hansen M (2010) Deforestation driven by urban population growth and 

agricultural trade in the twenty-first century. Nat Geosci 3:178–181. doi: 10.1038/ngeo756 

Eakin H, Defries R, Kerr S, et al (2014) Significance of Telecoupling for Exploration of Land-Use Change. 

Rethink Glob L Use an Urban Era 14:141–161. 

Foley JA, DeFries R, Asner GP, et al (2005) Global consequences of land use. Science (80- ) 309:570–574. 

Forest Watch Indonesia, World Resources Institute, Global Forest Watch (2002) The State of the forest: 

Indonesia.  

Galaz V, Gars J, Moberg F, et al (2015) Why Ecologists Should Care About Financial Markets. Trends 

Ecol Evol xx:1–10. doi: 10.1016/j.tree.2015.06.015 

Geoghegan J (1998) “Socializing the Pixel” and “Pixelizing the Social” in Land-Use and Land-Cover 

Change. People Pixels Link Remote Sens Soc Sci 51–69. doi: 10.17226/5963 

Graesser J, Aide TM, Grau HR, Ramankutty N (2015) Cropland/pastureland dynamics and the slowdown 

of deforestation in Latin America. Environ Res Lett 10:34017. doi: 10.1088/1748-9326/10/3/034017 

Grandia L (2013) Road mapping: megaprojects and land grabs in the Northern Guatemalan lowlands. Dev 

Change 44:233–259. 

Hansen MC, Potapov P V., Moore R, et al (2013a) High-Resolution Global Maps of 21st-Century Forest 

Cover Change. Science (80- ) 342:850–853. doi: 10.1126/science.1244693 



Hansen MC, Potapov P V, Moore R, et al (2013b) High-Resolution Global Maps of. Science (80- ) 

342:850–853. doi: 10.1126/science.1244693 

Hecht SB, Saatchi SS (2007) Globalization and Forest Resurgence: Changes in Forest Cover in El Salvador. 

Bioscience 57:663. doi: 10.1641/B570806 

Helmke G, Levitsky S (2004) Informal Institutions and Comparative Institutions Informal A Research 

Politics : Agenda. Perspect Polit 2:725–740. 

Henderson JV, Venables AJ, Regan T, Samsonov I (2016) Building functional cities.  

Irwin EG, Geoghegan J (2001) Theory, data, methods: Developing spatially explicit economic models of 

land use change. Agric Ecosyst Environ 85:7–23. doi: 10.1016/S0167-8809(01)00200-6 

Jaafar HH, Woertz E (2016) Agriculture as a funding source of ISIS: A GIS and remote sensing analysis. 

Food Policy 64:14–25. doi: 10.1016/j.foodpol.2016.09.002 

Kaufmann RK, Seto KC (2001) Change detection, accuracy, and bias in a sequential analysis of Landsat 

imagery in the Pearl River Delta, China: Econometric techniques. Agric Ecosyst Environ 85:95–105. 

doi: 10.1016/S0167-8809(01)00190-6 

Lambin EF, Meyfroidt P (2010) Land use transitions: Socio-ecological feedback versus socio-economic 

change. Land use policy 27:108–118. doi: 10.1016/j.landusepol.2009.09.003 

Lambin EF, Rounsevell MDA, Geist HJ (2000) Are agricultural land-use models able to predict changes in 

land-use intensity? Agric Ecosyst Environ 82:321–331. doi: 10.1016/S0167-8809(00)00235-8 

Lambin EF, Turner BL, Geist HJ, et al (2001) The causes of land-use and land-cover change: Moving 

beyond the myths. Glob Environ Chang 11:261–269. doi: 10.1016/S0959-3780(01)00007-3 

Laney RM (2002) Disaggregating Induced Intensification for Land-Change Analysis: A Case Study from 

Madagascar. Ann Assoc Am Geogr 92:702–726. doi: 10.1111/1467-8306.00312 

Lawrence D, D’Odorico P, Diekmann L, et al (2007) Ecological feedbacks following deforestation create 

the potential for a catastrophic ecosystem shift in tropical dry forest. Proc Natl Acad Sci U S A 

104:20696–20701. doi: 10.1073/pnas.0705005104 

Le Billon P, Sommerville M (2016) Landing capital and assembling “investable land” in the extractive and 

agricultural sectors. Geoforum. doi: 10.1016/j.geoforum.2016.08.011 

Leitmann J, Baharoglu D (1998) Informal rules! Using institutional economics to understand service 

provision in Turkey’s spontaneous settlements. J Dev Stud 34:98–122. doi: 

10.1080/00220389808422538 

Liverman D, Moran EF, Rindfuss RR, Stern PC (1998) People and pixels: linking remote sensing and social 

science.  

McSweeney K, Nielsen E a, Taylor MJ, et al (2014) Drug Policy as Gonservation Pol icy : Narco-

Deforestation. Science (80- ) 343:489–490. doi: 10.1126/science.1244082 

Mcsweeney K, Nielsen EA, Taylor MJ, et al (2014) Drug Policy as Conservation Policy: Narco-

Deforestation. Science (80- ) 343:489–490. 

McSweeney K, Richani N, Pearson Z, et al (2017) Why Do Narcos Invest in Rural Land? J Lat Am Geogr 

16:3–29. doi: 10.1353/lag.2017.0019 

Mcsweeney K, Richani N, Pearson Z, Devine J (2017) Why do drug traffickers invest in rural land? Kendra 

McSweeney, Nazih Richani, Zoe Pearson, Jennifer Devine [MANUSCRIPT SUBMITTED to JLAG 

12 March 2017. Please do not cite. ].  

Munroe DK, McSweeney K, Olson JL, Mansfield B (2014) Using economic geography to reinvigorate 

land-change science. Geoforum 52:12–21. doi: 10.1016/j.geoforum.2013.12.005 

North DC (1990) Institutions, institutional change and economic performance. Cambridge university press 

Ostrom E, Nagendra H (2006) Insights on linking forests, trees, and people from the air, on the ground, and 

in the laboratory. Proc Natl Acad Sci U S A 103:19224–19231. doi: 10.1073/pnas.0607962103 

Pekel J-F, Cottam A, Gorelick N, Belward AS (2016) High-resolution mapping of global surface water and 

its long-term changes. Nature 540:418–422. doi: 10.1038/nature20584 

Ravenel RM, Granoff IME, Magee CA (2005) Illegal logging in the tropics: strategies for cutting crime. 

CRC Press 



Redo DJ, Grau HR, Aide TM, Clark ML (2012) Asymmetric forest transition driven by the interaction of 

socioeconomic development and environmental heterogeneity in Central America. Proc Natl Acad Sci 

U S A 109:8839–44. doi: 10.1073/pnas.1201664109 

Rindfuss RR, Walsh SJ, Turner BL, et al (2004) Developing a science of land change: challenges and 

methodological issues. Proc Natl Acad Sci U S A 101:13976–13981. doi: 10.1073/pnas.0401545101 

Rodriguez Lopez JM, Heider K, Scheffran J (2017) Frontiers of urbanization: Identifying and explaining 

urbanization hot spots in the south of Mexico City using human and remote sensing. Appl Geogr 79:1–

10. doi: 10.1016/j.apgeog.2016.12.001 

Rudel TK, Coomes OT, Moran E, et al (2005) Forest transitions: towards a global understanding of land 

use change. Glob Environ Chang 15:23–31. doi: 10.1016/j.gloenvcha.2004.11.001 

Ruilli MC, Saviori A, Odorico PD (2012) Global land and water grabbing. Pnas 110:892–897. doi: 

10.1073/pnas.1213163110/-/DCSupplemental.www.pnas.org/cgi/doi/10.1073/pnas.1213163110 

Schlesinger P, Muñoz Brenes CL, Jones KW, Vierling LA (2017) The Trifinio Region: a case study of 

transboundary forest change in Central America. J Land Use Sci 12:36–54. doi: 

10.1080/1747423X.2016.1261948 

Sesnie S, Tellman B, Wrathall D, et al (2017) A spatio-temporal analysis of forest cover loss related to 

cocain trafficking in Central America. Environ Res Lett. doi: https://doi.org/10.1088/1748-9326/aa6fff 

Seto K, Kaufman R (2003) Modeling the Drivers of Urban Land Use Change in the Pearl River Delta, 

China: Integrating Remote Sensing with Socioeconomic Data.  

Seto KC, Reenberg  a., Boone CG, et al (2012) Urban land teleconnections and sustainability. Proc Natl 

Acad Sci 109:7687–7692. doi: 10.1073/pnas.1117622109 

Steffan-Dewenter I, Kessler M, Barkmann J, et al (2007) Tradeoffs between income, biodiversity, and 

ecosystem functioning during tropical rainforest conversion and agroforestry intensification. Proc Natl 

Acad Sci U S A 104:4973–4978. doi: 10.1073/pnas.0608409104 

Steffen W, Broadgate W, Deutsch L, et al (2015) The trajectory of the Anthropocene : The Great 

Acceleration. Anthr Rev. doi: 10.1177/2053019614564785 

Sylvester KM, Gutmann MP, Brown DG (2016) At the margins: agriculture, subsidies and the shifting fate 

of North America’s native grassland. Popul Environ 37:362–390. doi: 10.1007/s11111-015-0242-7 

Turner BL, Doolittle WE (1978) The concept and measure of agricultural intensity. Prof Geogr 30:297–

301. doi: 10.1111/j.0033-0124.1978.00297.x 

Turner BL, Janetos AC, Verburg PH, Murray AT (2013) Land system architecture: Using land systems to 

adapt and mitigate global environmental change. Glob Environ Chang 23:395–397. doi: 

10.1016/j.gloenvcha.2012.12.009 

Turner BL, Robbins P (2008) Land-Change Science and Political Ecology: Similarities, Differences, and 

Implications for Sustainability Science. Annu Rev Environ Resour 33:295–316. doi: 

10.1146/annurev.environ.33.022207.104943 

Turner II BL, Lambin EF, Reenberg A (2007) The emergence of land change science for global 

environmental change and sustainability. 103:13070–13075. 

Weinstein L (2008) Mumbai’s development mafias: Globalization, organized crime and land development. 

Int J Urban Reg Res 32:22–39. doi: 10.1111/j.1468-2427.2008.00766.x 

Wolford W, Borras SM, Hall R, et al (2013) Governing Global Land Deals: The Role of the State in the 

Rush for Land. Dev Change 44:189–210. doi: 10.1111/dech.12017 

Wright GD, Andersson KP, Gibson CC, Evans TP (2016) Decentralization can help reduce deforestation 

when user groups engage with local government. Proc Natl Acad Sci 113:14958–14963. doi: 

10.1073/pnas.1610650114 

Yu Y, Feng K, Hubacek K (2013) Tele-connecting local consumption to global land use. Glob Environ 

Chang 23:1178–1186. doi: 10.1016/j.gloenvcha.2013.04.006 

 

  


