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Constructing a Desert Labyrinth: The Psychological and Emotional Geographies 1 

of Deterrence Strategy on the U.S. / Mexico Border  2 

3 

Abstract 4 

Confinement, hindrance, and time bring anxiety, fear, and stress, often accompanied by 5 

confusion and desperation. In the case of undocumented immigrants in the Sonoran 6 

Desert, such conditions are manipulated by way of surveillance and policing. These 7 

conditions, in combination with physical exertion, augment a physiological stress 8 

response that coalesces with existing traumas and fear. We undertake a critical 9 

mapping of relations among enforcement infrastructure, migration routes, and 10 

measurable features of the physical landscape to demonstrate that a corridor in the 11 

region functions as a labyrinth, an outcome of a combination of threats and stressors 12 

determined by the spaces migrants find themselves in after crossing the U.S./Mexico 13 

border. We argue a biopolitical understanding of current border policies indicates it 14 

reduces migrants to bare life rather than using threat, stressors, or trauma as 15 

instruments for manipulating behavior. We discuss how this labyrinth works in 16 

combination with other mechanisms, including criminalization, detention, abuse, 17 

separation, and deportation, to deliver consequences that may deter migration. Despite 18 

these efforts, migration routes remain plastic, indicating the continued potential to resist 19 

and evade the surveillance technologies and enforcement deployed in the borderlands. 20 

We assert that an inevitable result of the desert labyrinth is human mortality. 21 

22 

Keywords: immigration; temporality; carceral power; topography; threat; stressor 23 

24 

Introduction 25 

In 1994 the U.S. Border Patrol launched a novel strategy titled “Prevention Through 26 

Deterrence” (PTD). Its aim was to make it “so difficult and so costly to enter this country 27 

[the United States] illegally that fewer individuals even try’’ (GAO 1999).  Most 28 

scholarship focused on the subsequent geography of PTD along the United 29 

States/Mexico border use environmental and topographical features to increase the 30 

physiological toll required for pedestrian transit, connecting this physiological toll to a 31 
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corresponding increase in the mortality rate for unauthorized border crossers (Martínez 32 

et al. 2015; Rubio-Goldsmith et al. 2016; Slack et al. 2016; De León 2015; Chambers et 33 

al. 2019). Here we attend to how the geography of deterrence imposes a psychological 34 

burden on unauthorized migrants seeking to traverse the U.S.-Mexico borderlands, as 35 

well as on their extended families and communities. This psychological burden is 36 

implied in the logic of deterrence itself and is rendered most explicit in the U.S. Border 37 

Patrol’s “Consequence Delivery System” (CDS), an extension of PTD that first launched 38 

in 2012. CDS adds post-deportation stressors like lateral repatriation, family separation, 39 

and criminal prosecution to the physiological and financial hardships involved in 40 

crossing the United States/Mexico border. According to the Border Patrol, the intention 41 

of CDS is to strategically enhance these stressors and threat of them “to break the 42 

smuggling cycle and end the subject’s desire to attempt further illegal entry” (US 43 

Customs and Border Protection 2012; 17; emphasis added) - an unmistakably 44 

psychological function (Robben & Su'arez-Orozco 2000; Slack et al. 2016; Caps et al. 45 

2017). The mechanisms for manipulating desire through the targeted application of both 46 

threat and application of stressors, stress, and emotional hardship therefore merit 47 

greater examination.   48 

49 

In what follows below, we argue that as the border has become more militarized through 50 

the steady expansion of enforcement infrastructure; it has come to function as a 51 

labyrinth - requiring people to take increasingly long, circuitous and confusing routes of 52 

travel in an effort to avoid detection and interception by authorities. Escaping the 53 

technological panopticon steadily developed and deployed by the U.S. Department of 54 

Homeland Security, migrants find themselves in a threatening landscape characterized 55 

by confinement and desolation, isolated from one another, and from built infrastructure 56 

associated with human settlement.  This outcome not only amplifies the fear1, danger, 57 

1 Before we go on, we must clarify several theoretical terms we use throughout the manuscript. These 
terms are in common use in the neuropsychological and emotion literatures (e.g., LeDoux, 1998, 2013; 
Sapolsky, 1992; 2017). A fear/stress response begins when an organism detects real or imagined threat 
(a.k.a. stressor). Upon detecting immediate threat, the sympathetic-adrenal-medullary (SAM) system 
activates. The adrenal medulla releases catecholamines (e.g., epinephrine and norepinephrine; half-lives 
of about 2-3 minutes) within milliseconds of threat detection, long before awareness of the threat (felt-
fear) occurs. We classify ongoing SAM activity (and the central activities controlling it) as physiological 
fear (Jacobs, Brown, & Nadel, 2017). Fear prepares the body for immediate intense action.  
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and disorientation that migrants experience in the course of their journey; but it also, we 58 

suggest, directly contributes to the widespread disappearance of unauthorized border 59 

crossers documented by scholars and human rights organizations alike (No More 60 

Deaths and Coalición de Derechos Humanos, 2018a; Reineke, 2019).  Indeed, although 61 

the plasticity of migration routes reveals peoples’ continued capacity to resist and evade 62 

border enforcement and surveillance (Casas-Cortes et al., 2015; Mezzadra and Neilson, 63 

2013; Scheel, 2013; Newell et al., 2017; De Genova, 2017), a shift of migration toward 64 

more remote and concealed routes of travel also increases the likelihood of mortality, 65 

while reducing peoples’ ability to orient, find help, or even to have their post-mortem 66 

remains found and identified.  Each of these outcomes increases the psychological and 67 

emotional duress that circulate across networks of migrants and their loved ones. 68 

 69 

 70 

                                                 
Upon detecting continuing threat, the Hypothalamic-Pituitary-Adrenal (HPA) system activates.  The 
adrenal cortex releases steroid hormones (e.g., cortisol) sometime after threat detection, long before 
awareness of the continuing threat (felt stress) occurs. If threat (stressor) passes quickly, both SAM and 
HPA systems return to baseline within a few hours (plasma half-life of cortisol of about one to two hours 
or longer).  If, however, threat (stressor) is persistent, circulating steroid hormones associated with the 
HPA, in conjunction with those associated with SAM, distribute throughout the body. We classify 
combined SAM and HPA activity as physiological stress (Jacobs, Brown, & Nadel, 2017). The steroid 
hormone cortisol helps regulate metabolism, blood sugar levels, reduces inflammation, and after passing 
the blood-brain barrier, influences genetic expression in central neurons, disrupting “cool” cognitive 
systems and enhancing “hot” emotional systems (see Metcalfe & Jacobs, 1996; 1998; Metcalfe & 
Mischel, 1999). The genetic effects can last anywhere from minutes to weeks.  
LeDoux, J. (2012). Rethinking the emotional brain. Neuron, 73(4), 653-676. 
LeDoux, J. (1998). The emotional brain: The mysterious underpinnings of emotional life. Simon and 
Schuster. 
Metcalfe, J., Jacobs, W.J., 1996. An interactive hot system/cool system view of memory under stress. 
PTSD Res. Q. 7, 1–6. 
Metcalfe, J., & Jacobs, W. J. (1996). A “hot-system/cool-system” view of memory under stress. PTSD 
Research Quarterly, 7(2), 1-3. 
Metcalfe, J., & Jacobs, W. J. (1998). Emotional memory: The effects of stress on" cool" and" hot" memory 
systems. In: Psychology of Learning and Motivation, vol. 38. Academic Press, pp. 187–222. Retrieved 
from http://www.sciencedirect.com/science/article/pii/S0079742108601875. 
Metcalfe, J., Jacobs, W.J., 2000. Can ‘hot’ human emotions be captured by ’cool’ mathematical models? 
In: Tulving, E. (Ed.), Memory, Consciousness, and the Brain: The Tallinn Conference. Psychology Press, 
Philadelphia, pp. 228–242. 
Metcalfe, J., & Mischel, W. (1999). A hot/cool-system analysis of delay of gratification: dynamics of 
willpower. Psychological review, 106(1), 3. 
Sapolsky, R. M. (1992). Stress, the aging brain, and the mechanisms of neuron death. the MIT Press. 
Sapolsky, Robert M. Behave: The biology of humans at our best and worst. Penguin, 2017. 
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We support the arguments above through a critical mapping of the ‘Ajo Corridor’ on the 71 

U.S.-Mexico border, where we model the relations between the geography of72 

enforcement infrastructure and migration routes, with an emphasis on the relations 73 

among landscape conditions, threat1, and the physiological/emotional/psychological 74 

burdens likely to result for migrants, their extended family, and social networks.  In the 75 

process, our work contributes to a growing literature in geography that attends to the 76 

emotional and affective dimensions of geopolitical practice — a project that has 77 

obtained significant advances through a regional focus on the U.S.-Mexico border 78 

(Williams and Boyce, 2013; Johnson, 2015; De la Ossa and Miller, 2019; Williams, 79 

2019). In contrast to readings of border enforcement and migrant mortality using 80 

concepts like necropolitics or “bare life” (Rajaram and Grundy-Warr, 2004; Doty, 2011; 81 

Chavez, 2013; Williams, 2015; Chambers, 2019), we clarify that, in the context of U.S. 82 

border enforcement, death and suffering are not so much cultivated as ends unto 83 

themselves but are instrumentalized to manipulate peoples’ behavior; this is to say, it is 84 

a governance strategy.  This strategy provides a common thread permitting us to 85 

understand and interpret the evolution of U.S. border enforcement, from the launch of 86 

PTD in 1994 through more recent measures launched by the current administration to 87 

punish and contain migrants lawfully seeking asylum in the United States.  We conclude 88 

with suggestions for how a focus on threat of border enforcement can open additional 89 

trajectories of inquiry by expanding on the pioneering work of Dunn (1996), who 90 

connected an earlier period of U.S. border enforcement with the long trajectory of U.S.-91 

backed counterinsurgency in Southeast Asia and Latin America during the Cold War. 92 

93 

Navigating a desert labyrinth: Border enforcement and the geography of 94 

deterrence 95 

96 

In Greek Mythology, Daedalus (King of Crete) built a labyrinth, an elaborate maze-like 97 

structure, to hold the Minotaur, a monstrous creature to whom Athenian youth were 98 

routinely sacrificed.  Borgeaud (1974, p. 4) discusses the labyrinth as “…a prison 99 

without doors, from which there [is] no escape,” ‘open’ to the world but designed to 100 

prevent exit. As Borges (1964, p. 110) describes, it is “a structure compounded to 101 
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confuse men.”  Rather than absolute enclosure, the labyrinth was designed to block the 102 

Minotaur’s escape using endless meandering to keep the creature perpetually 103 

disoriented and in motion (Gospodinov, 2015); while its architecture further shielded the 104 

Minotaur from public awareness and view, thereby becoming a materialization of 105 

oblivion – the act of “not knowing” (Adlam et al. 2018, p. 161).  106 

107 

We see a striking parallel between the story of the Labyrinth and the Minotaur, and the 108 

U.S. Border Patrol’s policy of Prevention through Deterrence use of the climate and 109 

terrain of the desert borderlands of the southwestern United States.  Rather than 110 

categorically block or prevent unauthorized migration, PTD is a strategy that calibrates 111 

an optimal level of threat – suffering, uncertainty, and hardship — to the point that 112 

would-be migrants abandon their effort.  From the outset, the U.S. government has 113 

been explicit about the conditions it assumed it could manipulate and thereby 114 

accomplish this objective.  Principle among these is a concentration of surveillance and 115 

enforcement in customary urban crossing areas designed to shift migration routes into 116 

increasingly difficult and remote desert terrain.  The government predicted this shift 117 

would have several immediate and long-term outcomes. The first is an 118 

acknowledgement that “[i]llegal entrants, crossing through remote, uninhabited 119 

expanses of land and sea along the border can find themselves in mortal danger” (INS, 120 

1994; 2).  Next, the government predicted “[v]iolence will increase as effects of the 121 

strategy are felt” (ibid.; 4) and that there would be a “fee increase by smugglers” (ibid.; 122 

9) as migrants became more dependent on these actors to navigate their way North.123 

Eventually, as the cumulative effects of these changes were felt, the government 124 

assumed they would successfully “increase the ‘cost’ [sic] to illegal entrants to the point 125 

of deterring repeated attempts” (ibid.; 7). As Doris Meisner, then Director of the 126 

Immigration and Naturalization Service (the agency that at the time oversaw the U.S. 127 

Border Patrol) later reflected “We did believe that geography would be an ally for us. It 128 

was our sense that the number of people crossing through the Arizona desert would go 129 

down to a trickle once people realized what [it’s] like’’ (quoted in Cornelius, 2005).   130 

131 
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Over the past 25 years, as unauthorized migration routes into the United States shifted 132 

toward more remote and rugged terrain, a measurable and significant increase in the 133 

physiological exertion required to navigate one’s way north has occurred (Boyce et al., 134 

2019; Chambers et al., 2019). Hyperthermia is one consequence of such extended 135 

physical exertion in a hot environment. First comes heat stress and fatigue.  Next 136 

comes an internal fever coupled with colder skin and shivering (Derman et al. 1997, 137 

Nevins 2008). Heat cramps follow—painful and involuntary muscle spasms due to the 138 

loss of salts through perspiration (Pryor et al. 2015; Macias Sustaita 2016). The final 139 

stages of heat exhaustion and heat stroke spell the collapsing of organ function, and 140 

ultimately death (Saffle et al. 1993).  141 

142 

Even before mortality or cramping set in, the beginning stages of heat stress are known 143 

to cause physiological and psychological distress, as the body seeks – but is unable to 144 

obtain – respite (Tawatsupa et al. 2010). At the same time, dehydration begins to take a 145 

mental toll by increasing tiredness and reducing cool system efficiency – alertness and 146 

the ability to concentrate (Szinnai et al. 2005). With these stressors comes despair, and 147 

the potential to ‘give up’ (Alonso et al. 1997). Coinciding, the lack of water and food can 148 

produce acute kidney injuries that not only slow travel but can also produce renal failure 149 

(Ossai et al. 2013). Kidney injury results in a physical response of swelling, pain, 150 

shortness of breath, and mental symptoms of confusion (Sheldon and Slaughter 1986). 151 

In short, the elongation of the migrant journey amplifies barriers—physical limitations, 152 

emotional barriers, confusion, and desperation – which can cumulatively result in 153 

mortality.  From 1998 to 2018 the U.S. government records show more than 7,500 154 

persons have died attempting to cross the U.S. / Mexico border (CBP, 2019).   Short of 155 

this outcome, this trifecta can render the journey profoundly traumatic. 156 

157 

The threats to which migrants are subjected are not restricted to environmental 158 

stressors. A variety of situational stressors, including predatory actors, ranging from 159 

white supremacist militia groups to organized criminal gangs, take advantage of 160 

migrants’ increasing social and spatial isolation to kidnap, rob, or assault them, 161 

compounding the possibility of abandonment. As a consequence, the migrant journey is 162 
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permeated not just with physical trauma, but also profound threat– threat of militia, 163 

threat of banditry, threat of the Border Patrol (and of dehumanizing abuse at the hands 164 

of individual agents), threat of post-apprehension consequences like criminal 165 

prosecution and family separation, threat of becoming isolated and disoriented in the 166 

remote desert, threat of injury and abandonment by one’s group, and threat of the 167 

guides themselves on whom migrants have become increasingly dependent as they 168 

traverse an unfamiliar and dangerous landscape (Andreas 2001; Cornelius 2005; Slack 169 

2016). Each of these threats appear to trigger neural ‘survival circuits’ associated with 170 

felt and physiological fear (e.g., LeDoux, 1996, 2002, 2015), which, when extended, 171 

produce extreme physiological stress (e.g., Jacobs, Brown, and Nadel, 2017). 172 

173 

With increased exposure to threats associated with the shifting geography of transit, 174 

individuals do not merely feel pleasant or unpleasant; they mount psychological 175 

counterstrategies – primarily through increased vigilance and physical mobilization to 176 

avoid detection (Mezzadra and Neilson, 2013; Casas-Cortes et al., 2015; Löw et al. 177 

2008).  For example, migrants and smugglers are widely aware of surveillance 178 

infrastructures like the SBInet system launched in 2006, a system to detect the 179 

presence of unauthorized migrants and automatically report this detection to agents 180 

(see Nieto-Gomez, 2014; Boyce, 2016). Designed around a series of Integrated Fixed 181 

Towers (IFT) in Arizona’s Pima and Santa Cruz counties, additional surveillance towers 182 

in multiple stretches adjacent to the border augment the system (Aitoro 2017), with 183 

similar towers being constructed on the southern and western sides of the Tohono 184 

O’odham Nation reservation lands (Martínez and Schreiber 2018).  185 

186 

SBInet has a measurable impact on the geography of migrant mortality in southern 187 

Arizona, with a shift in the distribution of recovered human remains (RHR) toward 188 

increasingly rugged areas comprised of canyons, mountains and arroyos – each of 189 

which block visibility from surrounding roads, settlements and surveillance towers 190 

(Zanon 2015, Chambers et al. 2019).  In this kind of landscape and under threat, it is 191 

easy to lose one’s bearings (cognitive map: Thomas, Laurance, Nadel, & Jacobs, 2010; 192 

Payne, Nadel, Allyn, Thomas, & Jacobs, 2002: see however Human, Thomas, Dreyer et 193 
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al., 2013), especially in places where one may feel “boxed in” and where landmarks are 194 

not readily visible (Jacobs, Brown, & Nadel 2017). This outcome is especially likely in 195 

spaces with a high horizon and confined terrain. The loss of orientation can contribute to 196 

fatality, through a physiological feed-back of becoming lost and then suffering 197 

dehydration, hunger, and exposure, which further aggravates disorientation (Spener 198 

2009).  Death in remote, rugged areas, distant from built infrastructure and outside the 199 

range of government surveillance makes it less likely that a person’s post-mortem 200 

remains are recovered – or if recovered, the remains will be identifiable, due to the rapid 201 

decomposition and scattering of human remains and associated artifacts (see De Leon, 202 

2015).  These outcomes are directly responsible for what scholars and human rights 203 

activists identify as a growing “crisis of disappearance” along the U.S. / Mexico border 204 

involving untold thousands whose whereabouts are unknown, and who last had contact 205 

with their loved ones immediately before attempting a border crossing (No More Deaths 206 

and Coalicón de Derechos Humanos, 2018a; see also Reineke, 2019).  207 

208 

To summarize, the Border Patrol has pursued a strategy that relies on shifting 209 

unauthorized migration toward ever-more difficult and remote routes of travel, with the 210 

ultimate objective of using prolonged threat – increased financial cost, physiological 211 

hardship, emotional distress, and psychological trauma – to influence peoples’ behavior 212 

for more than a quarter century.  Yet with the notable exception of Williams (2019), 213 

whose work examines the Border Patrol’s use of public information campaigns across 214 

Mesoamerica to promote awareness of the climactic, topographical, and environmental 215 

threats associated with unauthorized border crossing, the relations among these 216 

environmental conditions, the shifting geography of migration, the numerous threats,  217 

and the accompanying emotional and psychological burdens considered above have 218 

largely escaped attention or measurement by scholars.  We attempt to measure and 219 

conceptualize these factors by modelling terrestrial conditions in one highly trafficked 220 

migration corridor adjacent to the U.S. / Mexico border.   221 

222 

Methodologies  223 

Our study area consists of the Ajo corridor as defined by Humane Borders and the Pima 224 
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County Medical Examiner’s office (Chamblee, et al. 2006; Anderson 2008), running 225 

from the Mexico-U.S. border and the surrounding area of Lukeville, Arizona to U.S. 226 

Interstate Highway 8 (Figure 1), crossing the Tohono O’odham Nation Reservation, 227 

Organ Pipe Cactus National Monument, Barry M. Goldwater Air Force Range, and 228 

various other public and private lands.  229 

230 

231 

Figure 1 Study Area 232 

233 

To justify our understanding of PTD’s design and the psychological and emotional toll it 234 

may inflict on migrants and their loved ones, we first needed to map the likely routes a 235 

person or ‘coyote’ would take to avoid detection by the existing surveillance apparatus – 236 

i.e., the least visible portions of the space. We did so by classifying the corridor’s space237 
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according to a viewshed (Fisher 1993) – a suite of measures that document places that 238 

can be seen from other places. We developed this classification using a Digital 239 

Elevation Model (DEM) of the terrain, common to archaeological and anthropological 240 

studies of socionatural space (Wheatley 1995; Aldenderfer 1996; Weik 2015; Howey & 241 

Burg 2017). We calculated the viewshed by developing a grid of every 30 by 30-meter 242 

grid cell on the DEM and counting how many of these places could be seen from any 243 

other place in the plot. We then delineated a least-cost path, in this case a Least-visible 244 

Path (LVP), from the border to US Interstate Highway 8, a method used by the Border 245 

Patrol to intercept smugglers and migrants (Franklin, et al. 2007; Lu, et al. 2008; 246 

Rossmo, et al. 2008; Rivera 2014), and a location documented as the terminus of a 247 

major migration route (Chambers 2019). This method is similar to those used to plan the 248 

expansion and location of surveillance technology in border regions (Aitoro 2017). 249 

Migrants and coyotes account for this kind of surveillance technology (fixed and mobile) 250 

in the selection of routes of travel in an attempt to become even less visible (Newell, et 251 

al. 2017). We first calculated a Visual Neighborhood Configuration (VNC) using a 90 252 

meter resolution Digital Elevation Model (DEM) by the formula 𝑉𝑎𝑣𝑔(𝑙𝑓) = ∑ 𝑙𝑖 ∈ 𝑁𝑓
𝑣(𝑙𝑖)

|𝑁𝑓|
253 

where Nf is the neighborhood or area of surrounding elevation values of a focal location 254 

lf and v(li) ∈[0,1] is the normalized value of a single location li.. The resulting values are 255 

on a scale of 0 to 1 where 1 is highly visible and 0 is minimally visible (Brughmans et al. 256 

2018). Second, we calculated viewsheds with the DEM for specific places that put 257 

migrants at special risk for detection. These were two types of Border Patrol 258 

infrastructure (checkpoints and SBInet towers), roads, and all documented buildings in 259 

the study area. The resulting output each had values consisting of 1s and 0s where 1 260 

was visible and 0 was not. We summed each of these to the VNC and created a 261 

visibility index (VI) with values ranging from 0 to 5 where 0 is not visible to any of 262 

features and is of the lowest neighborhood visibility and 5 is visible to roads, buildings, 263 

checkpoints, and towers and is also of the highest neighborhood visibility. 264 

265 

We then delineated the LVP, the single route through the Ajo Corridor maintaining the 266 

lowest total VI. To maintain this low visibility, we calculated anisotropic visibility cost 267 

distances, using QGIS software and, that accounted for whichever direction a person 268 
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could presumably travel. These cost distances summed the VI values along all potential 269 

routes through the landscape but also accounted for the direction that person could take 270 

(De Silva and Pizziolo 2001).  271 

272 

Confinement 273 

Avoiding routes and locations more likely to be detected by border surveillance compels 274 

individuals to navigate through less exposed space (Chambers, et al. 2019). In other 275 

words, much like the Labyrinth confines its captor, travelers become confined to a 276 

smaller portion of the landscape, where reduced visibility may disorient and interrupt 277 

navigation, amplifying the threat and accompanying stress associated with the 278 

experience of physical confinement (Grassian 1983; Ennaceur, e t al. 2006) 279 

280 

To measure the construct visual confinement, we calculated a ‘sky view’ factor (SVF), a 281 

measure of the portion of visible sky, from any vantage point, limited by the relief of the 282 

surrounding landscape (Watson & Johnson 1985; Zakšek et al. 2011), as seen in Figure 283 

2. The lower the SVF ratio, the less light and visibility exist (e.g., a narrow canyon).284 

Such spaces entail few to no landmarks for navigational guidance (Ross et al. 2004). 285 

Flexible navigation becomes impossible, and individuals are likely to become dependent 286 

on smugglers or ‘coyotes’ for direction (Slack and Whiteford 2011). SVF is calculated by 287 

the formula 𝑆𝑉𝐹 = 1 −
∑ 𝑠𝑖𝑛𝑦𝑖

𝑛
𝑖=1

𝑛
 where n stands for the number of directions used to288 

estimate a vertical angle to the horizon, in this case 8 directions, and yi is the elevation 289 

difference between the horizon and the vantage point 290 

291 

292 
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Figure 2: Measuring the ratio of sky visible to its obstructions by the landscape (SVF), 293 

defined as the extent of visible sky (Ω) above any point on the landscape — shown here 294 

two-dimensionally (a) and three-dimensionally (b), in which yi is the difference in 295 

elevation between horizon and vantage in n directions to the specified radius (R) which 296 

in our case was based on the curvature of the earth and the extent of the study area. 297 

(Source: Zakšek et al. 2011) 298 

 299 

Hindrance 300 

To behave like a labyrinth, movement must be hindered in a way that an individual 301 

cannot easily find their way out of a given landscape. Like a lab rat in a maze (Vorhees 302 

& Williams 2006), as border enforcement and surveillance expand, a person 303 

experiences the desert as a space difficult to cross, requiring additional physical effort 304 

(Pilling & Latham 2003). To measure physical effort/hindrance, we calculated a caloric 305 

index of the borderlands (Chambers, et al.  2019) — a measure of the bodily energy 306 

required to traverse the landscape for which we extracted values to our LVP from 307 

border to highway. This we did by the formula MR=M-C on downhill slopes and MR=M 308 

on uphill slopes, where 𝑀 =  1.5𝑤 + 2.0(𝑤 +  𝑙) (
𝑙

𝑤
) 2 + 𝜂(𝑤 + 𝑙)[1.5𝑣2 + 0.35𝑣𝑠] and 309 

𝐶 =  𝜂 [
𝑠(𝑤+𝑙)𝑣

3.5
− (

(𝑤 +𝑙)(𝑠+6)2 

𝑤
) + (25 −  𝑣2)]; w being the average weight of a person in 310 

kilograms, l, the typical load carried in kilograms, v, the average walking speed in 311 

meters per second, s, the slope, and η, a terrain factor based on soil and vegetation 312 

cover (Pandolf et al. 1976; Wood and Wood 2006).  313 

 314 

Time 315 

Time is a political tool that keeps migrants separated through the use of law to impose 316 

harsh deadlines and application requirements (Griffiths 2014; Cohen 2018). A border 317 

stategy might also use time as a threat/deterant by requiring a longer physical trek to 318 

avoid interception or detection, limiting the chance of success (Pallister-Wilkins, 2019; 319 

Boyce 2020). For such a strategy to work well, time performs as a deterent not only by 320 

amplifying physical requirments, but also by increasing the likelihood of experiencing 321 

desperation (Komorowski, et al. 2012). Routes of travel must therefore require an 322 
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unnessecarily extended time and distance for a person to traverse, winding through a 323 

more dynamic landscape dissimilar to the most direct trails and roads—greater than 324 

what a person would typically take when traveling from place to place. To measure this 325 

element of deterance, we calculated a Time distance; not simply a Euclidean distance 326 

but the time it takes to traverse a 3-dimentional surface of mountains and canyons using 327 

Tobler’s (1993) hiking function, an exponential formula determining the likely walking 328 

speed by slope angle and direction from the formula 𝑊 = 6𝑒−3.5|(
𝑑ℎ

𝑑𝑥
)+0.05|

 in which W is 329 

walking velocity, dh is elevation difference, and dx is distance. Tobler’s function is 330 

expressly suited to our analysis due to its succesful use in rescue-mission planning 331 

(Magyari-Sáska & Dombay 2012; Doherty 2014). 332 

 333 

Results 334 

Our LVP runs 154 kilometers from South to North through a series of canyons, washes, 335 

and passes between mountain ranges. A person is almost always on a slope 336 

obstructing visibility adjacently but also many times obstructed from both sides. The 337 

LVP is 21 miles and more than a day’s walk farther than the route of State Road 85 338 

running from Lakeville to Gila Bend. Unlike following a main road, this route makes use 339 

of low-lying paths surrounded by steep less-easily traversed terrain. The confinement 340 

analysis returns a series of values from 0 to 1, SVF of 0 being the most confined 341 

(theoretically impossible outside a cave or tunnel) and SVF 1, the least, i.e., a flat plain 342 

with a distant horizon. The confinement distribution shows drastically restricted spaces 343 

at regular occurrence throughout the LVP as seen in Figure 4. To test the validity of our 344 

model, we compared the route to the locations of calculated hot-spots of RHR within the 345 

corridor calculated by Chambers (2019). The model should intersect the regions of 346 

significance in such an analysis. The LVP runs through the Sonoyta Valley, a pass in 347 

the southern Ajo Range, along the periphery of a parallel range to the East, into the 348 

Sikort Chuapo and Souceda Mountains and finally traversing the steepest of all the 349 

ranges, the Sand Tank Mountains. Each of these locations was a dominant hot-spot for 350 

recent RHR in the corridor.  Topographical cross-sections of the route, in Figure 3, 351 

visualize the confinement and limiting of the spaces in hot spots along the LVP. The 352 

mean SVF was 0.64 but each stretch of the route within the mountain ranges had 1+ 353 
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kilometer sections of values less than 0.2—which is also visible in Figure 4. The 354 

mountains and this space before form a maze of alternate paths through converging 355 

canyons where a person could either step into surveillance or become disoriented/lost, 356 

reaching an untraversable dead-end in the landscape, requiring a traveler to loop back 357 

to their previous location. 358 
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 359 

Figure 3. Topographical profiles calculated from kilometer wide transects intersecting 360 

the LVP at 90 degree angles; sampled from known RHR hot-spots (Chambers 2019).  361 

 362 

 363 
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364 

Figure 4 SVF Values along LVP route 365 

 366 

The Hindrance measure followed similar patterns with a total of 14,628 calories required 367 

to traverse the LVP, not counting the additional costs of deviation or the daily calories 368 

used to sustain life. This is far more than a typical daily or weekly intake (Nusser and 369 

Carriquiry 1996) and requires burning of stored calories in fat or muscle (Saudek and 370 

Felig 1976). For an average walker in a dry and hot environment, it also requires about 371 

12 gallons of water to metabolize to prevent dehydration, hyperthermia, and extreme 372 

fatigue (Hunt 1912; Senay & Christensen 1965; Murray 1995). Dehydration lends itself 373 

to spatial, physical, cognitive, and emotional disturbances (e.g., Chauhan, Kumar, 374 

Gupta, Meena, et al., 2020; Wilson and Morley 2003; Martin 2012). The estimate we 375 

provide is for adults; it excludes the weight of supplies and water, in addition to the 376 

weight of one gallon included in the calculation; and, if smuggled, any materials a 377 

‘coyote’ may require each migrant to carry. 378 

 379 

Excluding the unknowns of secondary routes and turnarounds taken to stay on route, it 380 

requires about 32 hours and 14 minutes of walking for a person to traverse the LVP. 381 

This is consistent with the migrant-reported distances walked (Wolf and Wohlfart 2014). 382 

the extra time required for a successful journey is a known source of physical 383 

pain/duress and subjective emotional despair (Papini, et al 2015) - a kind of anti-therapy 384 

(O’Hara 2011), a detriment to success (Komorowski, et al. 2012), and a compounding 385 

factor to the psychological impacts of confinement (Lanes 2009). 386 
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387 

Discussion 388 

389 

The metaphor of borderlands as a labyrinth is valuable for interpreting how enforcement 390 

infrastructure, surveillance, and environmental, climatological and topographical 391 

conditions combine to impose threat and its accompanying physiological fear and stress 392 

– before, during and after an unauthorized border crossing. Our modeling shows that393 

these labyrinthine conditions take form through threatening stressors such as visual 394 

confinement, physical hindrance, and required time of travel. Visual confinement is a 395 

stressor that creates anxiety; hindrance, confusion; and time, desperation.  Each of 396 

these factors augments physiological stress responses, including that of extreme of 397 

physical exertion (Erwin 1963; Proulx et al. 2016) as does an increase in physical 398 

exertion itself (Fery 1997). Physical and psychological threats and stressors, although 399 

empirically and conceptually distinct (Jayne et al., 2010; Schoenberger and Beban, 400 

2018; Lloyd, 2019; Ehrkamp et al., 2019), compound each other through confined 401 

routes of travel, augmenting those conditions of threat, trauma, and fear that migrants 402 

and their loved ones come to experience with unauthorized border crossing. 403 

404 

The difficulty of escaping the desert labyrinth is evident in the greater number of 405 

recovered human remains located nearer to the border when compared to past border 406 

crossers (Pima County 2016), an outcome that correlates to the increased energy 407 

expenditure required to avoid detection (Chambers et al. 2019) and that reveals a direct 408 

relation between increased physiological exertion and the profound emotional anguish 409 

affecting those loved ones left behind. 410 

411 

 Along the same lines, the labyrinth metaphor helps to highlight the even greater 412 

contribution of disappearance to the emotional, psychological, and physiological duress 413 

that PTD amplifies.  Article 17 § 1 of the International Convention the Protection of All 414 

Persons from Enforced Disappearance defines Enforced Disappearance as “a 415 

continuing offence as long as perpetrators continue to conceal the fate and 416 

whereabouts of persons who have disappeared,” due to the lack of information and 417 
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closure that by definition is implied by the condition of disappearance (United Nations 418 

General Assembly, 2006). As the humanitarian and human rights organizations No 419 

More Deaths and La Coalición de Derechos Humanos discuss in their joint 2018 report, 420 

“[t]he effects of this violence are multidimensional, as it is experienced both by those 421 

who go missing and by loved ones left behind in a state of limbo, simultaneously fearing 422 

the worst while refusing to give up hope, and seeking any tangible information that 423 

could provide some closure.” Enforced disappearance is directly responsible for the 424 

anguish felt by the thousands of friends and family of those who have gone missing, 425 

adding weight to perceived threat and danger that come to be associated with 426 

unauthorized border crossing.  Appreciation of this outcome helps to highlight that the 427 

purpose of government action is not just to punish migrants, or to reduce them to a 428 

condition of "bare life."  Rather, it is to ratchet up experienced threat — fear, stress, and 429 

trauma to accomplish a behavioral outcome – deterrence. This then provides important 430 

contextualization for Williams’ (2015; 2019) examination of the Border Patrol’s use of 431 

“soft power” through public information campaigns intended to dissuade unauthorized 432 

crossing – as the credibility of these initiatives depends upon the impact of “hard power” 433 

deployed along the border, resulting in thousands of persons in communities throughout 434 

the United States and Latin America having first-hand experience with the trauma 435 

associated with the migrant journey and/or with the grief and anguish of loss. 436 

 437 

Attention to landscape conditions migrants use to navigate their way north on foot 438 

across the U.S. / Mexico borderlands and its disposition to confusion, exhaustion, and 439 

restraint suggests a need for greater attention to the role of psychological and emotional 440 

stressors in advancing the U.S. Border Patrol’s strategy of PTD. For example, attention 441 

to these threats and stressors shed significant light on the menu of post-apprehension 442 

consequences implemented through the Border Patrol’s “Consequence Delivery 443 

System.”  CDS aimed to optimally calibrate the application of punitive initiatives like 444 

formal deportation, criminal prosecution and prison time by developing a “defined alien 445 

classification” that “uniquely evaluate[s] each subject” to, as indicated in the 446 

introduction, above, “break the smuggling cycle and end the subject’s desire to attempt 447 

further illegal entry.” (CBP, 2012; 17; see also Slack et al. 2015).  As an outcome of 448 
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CDS, criminal prosecution for immigration-related violations like “unlawful entry” and 449 

“unlawful re-entry” comprise a plurality of all federal cases in the United States, while 450 

the proportion of Latinx persons in federal prisons has grown to more than 50% (Human 451 

Rights Watch, 2013). 452 

 453 

A similar logic of deterrence accompanied the expansion of routine administrative 454 

detention within the U.S. immigration system, including the detention of children and 455 

families. Among other things, this element of deterrence involves the extraction of time and 456 

imposed isolation as extra-judicial weapons intended to cultivate anguish and despair, to 457 

ultimately dissuade current and future migrants and asylum-seekers from pursuing relief 458 

and protection in the United States (Martin and Mitchelson, 2009; Gorman, 2016; 459 

Mountz, 2017; Loyd and Mountz, 2018; Hiemstra, 2019). Meanwhile, the role of threat 460 

(psychological stressors) in advancing deterrence also sheds light on many of the 461 

current administration’s recent initiatives, including the policy of family separation 462 

introduced in April 2018. In a May 11 interview White House Chief of Staff (and former 463 

Homeland Security Secretary) John Kelly readily acknowledged the policy’s relationship 464 

to PTD, stating that “a big name of the game is deterrence” and that family separation 465 

forms "a tough deterrent [and] a much faster turnaround on asylum seekers" (Burnett 466 

2018). The harm and trauma inflicted by family separation is readily apparent, while the 467 

logic of the policy itself is difficult to explain independent of these effects. But family 468 

separation, like indefinite detention for families, confronts limitations in the form of public 469 

opinion (widespread protest and condemnation) and litigation (intervention by the 470 

courts, e.g., through the Flores settlement) (Roth et al. 2020).  471 

 472 

Finally, attention to threat, emotional, environmental stressors, physiological stress, and 473 

subjective (felt) stress as instrumental to the Border Patrol’s logic of deterrence helps 474 

explain the humiliating and dehumanizing conditions consistently encountered in Border 475 

Patrol custody, as reported by academic research and human rights advocacy 476 

organizations (also the subject of ongoing litigation, see Jane Doe, et al. v. Johnson, et 477 

al.). These conditions include physical threats such as  extreme cold and crowded 478 

detention cells; a refusal to provide food, water or medical care; verbal, physical and 479 
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sexual abuse (Slack et al. 2013; No More Deaths 2011); and psychological threats such 480 

as reckless and harmful apprehension practices (No More Deaths and Coalición de 481 

Derechos Humanos 2018a); and the confiscation and destruction of physical belongings 482 

– including emotionally-charged personal items like family photos, letters and contact 483 

information, and essentials like money and identification (No More Deaths 2014).  484 

 485 

Over the past 25 years the Border Patrol has implemented a steady progression of 486 

psychological threat and emotional stressors. Key among these, as this analysis has 487 

shown, are the climatological, topographical and environmental conditions of the 488 

Sonoran Desert, where a plurality of all unauthorized migrants enter the United States. 489 

Migrants’ exposure to these landscape conditions, and to the psychological and 490 

emotional stressors they communicate, are amplified as enforcement and surveillance 491 

infrastructures are expanded, driving individuals to pursue increasingly remote routes of 492 

travel where they are most likely to avoid detection.  An inevitable outcome is mortality, 493 

frequently compounded by the disappearance of peoples’ post-mortem remains (or the 494 

deterioration of these remains to the point where subsequent identification becomes 495 

challenging), thus extending psychological pressure and emotional duress to peoples’ 496 

extended family and community.  This, then, renders clear at least one outcome of 497 

surveillance and enforcement infrastructure and their contributions to the government’s 498 

enforcement strategy, even if the efficacy of these infrastructures for the purposes of 499 

detection, identification or interdiction is compromised by the plasticity of migration 500 

routes. 501 

 502 

Conclusion 503 

Studies of the Border Patrol’s strategy of Prevention Through Deterrence have largely 504 

focused on its physiological impacts on the health of unauthorized migrants and rates of 505 

mortality along the United States / Mexico border (Martínez et al. 2014; Rubio-506 

Goldsmith et al. 2016; De León 2015; Slack et al. 2016; Chambers 2019). By modeling 507 

topographical conditions and their impacts on migrants’ experience of visibility and 508 

isolation, the analysis in this paper reveals that the same spatial and topographical 509 

conditions known to impose physiological hardship, disappearance and death also 510 
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serve as threat, thereby attaching considerable physiological, psychological, and 511 

emotional stress to the experience of migration. Although these processes are distinct, 512 

even the physiological requirements of navigating the borderlands labyrinth imposes a 513 

psychological effect of hindrance. We have furthermore shown that this kind of spatial 514 

modeling is but one entrée into a number of ways that deterrence can be understood to 515 

impose threats which function as stressors. Indeed, appreciation of this latter objective 516 

of PTD provides a common thread through which to understand and interpret the 517 

evolution of U.S. border enforcement over the past 25 years, including recent 518 

endeavors undertaken by the current administration to punish and deter lawful asylum-519 

seekers.  By attending to the emotional and psychological objectives of this strategy, we 520 

are better able to appreciate how recent initiatives like family separation reflect a 521 

continuity of, rather than a departure from, the logics animating previous enforcement 522 

initiatives.   523 

 524 

We conclude by suggesting that geographers and other scholars pay greater attention 525 

to the operational logics informing government practice along the U.S. / Mexico border, 526 

and continue developing methodologies that capture and measure their impacts.  This is 527 

more challenging to do than might first be apparent.  The Border Patrol and Department 528 

of Homeland Security are notoriously secretive; it requires substantive effort to obtain 529 

internal records that offer public and scholarly insight into these agencies’ practices – 530 

while the current administration’s February 2020 designation of the Border Patrol to be 531 

a “security agency” will create additional loopholes exempting the agency from the 532 

Freedom of Information Act (Klippenstein, 2020).  Meanwhile, unauthorized migration is 533 

by definition clandestine, while the geography of mortality and disappearance can only 534 

be measured imperfectly (and, in the latter case, indirectly). 535 

 536 

One promising avenue for conceptualizing the logic of PTD and its instrumentalization 537 

of emotional and psychological harm is by undertaking conceptual and historical work to 538 

connect this strategy’s evolution to the broader trajectory of counterinsurgency doctrine 539 

as developed and applied by the United States in the context of the Cold War and the 540 

more recent “War on Terror.”  Timothy Dunn’s (1996) pioneering work showing how this 541 
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informed the expansion of U.S. border enforcement during the 1970s, 80s and early 90s 542 

provides a strong foundation for such conceptual and historical work.  But there are 543 

other important ways it might be expanded, for example by comparing the dissemination 544 

of emotional and psychological duress under PTD with the instrumental use of torture 545 

designed to simultaneously shatter the psyche and paralyze collective resistance to an 546 

established agenda (see Klein, 2007).  Consider for example, Dan Mitrione, a CIA 547 

operative who designed Uruguay’s torture program during the 1970s, who boasted of 548 

having developed torture into a science allowing him to accomplish “[t]he precise pain, 549 

in the precise place, in the precise amount, for the desired effect” (St. Clair and 550 

Cockburn, 2013). Mitrione always left room for “some hope…a distant light” to facilitate 551 

the process and reduce resistance. After receiving the desired results, however, he 552 

would begin a “softening up” stage “as a political measure, to create a healthy (felt) fear 553 

of meddling in subversive activities” (Blum 2006, pp. 68). There are striking 554 

resemblances here to the logic of PTD and how it operates in the Sonoran Desert, as 555 

revealed in the analysis above. Meanwhile, the use of environmental features to 556 

cultivate harm and suffering has allowed government to deny any culpability for the 557 

repercussion of its strategy on human life (see Doty, 2011; De Leon, 2015).  This is a 558 

form of gaslighting: in the face of an explicitly weaponized landscape, the government 559 

steadfastly claims that somebody else – smugglers, organized criminal groups, or 560 

migrants themselves – are to blame for the death and disappearance that result.  This 561 

latter phenomenon of disappearance – and its contribution to the generalized 562 

dissemination of psychological and emotional duress across a population – provides yet 563 

another point of intersection and comparison with U.S. counterinsurgency practice.  This 564 

is a meanness we flag for the reader; we are reasonably certain it merits greater 565 

consideration.     566 
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