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CHAPTER 1. INTRODUCTION  
Steep slopes, deforestation, unconsolidated deposits, high annual rainfall, and a highly 

dissected landscape contribute to frequent landslides along one of the most important 

Colombian highways, the "Via al Llano," often causing traffic disruptions. This road connects 

Bogota, the capital of Colombia, with Villavicencio, the capital of the Meta state, facilitating the 

transportation of agricultural and industrial products and promoting economic development 

through tourism. 

The Via al Llano highway traverses five municipalities: Chipaque, Caqueza, Quetame, 

Guayabetal, and Villavicencio. These areas are characterized by folds, faults, joints, and 

outcrops of various lithologies and ages (INGEOMINAS, 1998, 2011). The geological 

composition on the region includes Precambrian phyllites, Paleozoic sandstones and 

claystones, Jurassic conglomerates, Cretaceous siltstones, mudstones, and quartz-rich 

sandstones, as well as Quaternary deposits resulting from fluvial and gravitational processes 

(INGEOMINAS, 1998, 2011). 

The landscape of the road features steep slopes molded by both tributaries and the main 

watercourses of the Rio Negro, Rio Blanco, and Guayuriba River. The study area, which 

encompasses the basins of these rivers, experiences significant precipitation ranging from 1000 

to 2500 mm/year in the north and central areas, and 2500 to 5000 mm/year in the south, with 
peak rainfall occurring in May, June, and July, often triggering landslides. 

Recent mass wasting events in June 2017 and May 2019 blocked the road for 1 and 6 months, 

respectively, despite efforts by the Colombian Geological Service (SGC) to mitigate such 

incidents through inventory maintenance and hazard mapping since 2010. Hence, Calderón-

Guevara et al. (2022) and Herrera-Coy et al. (2023) have pursued alternative landslide 

prediction methods for the Via al Llano area. However, their focus on predictive modeling often 

yields maps with insufficient correlation to the road, necessitating a new approach. 

To address the complexity and potential disconnect between the area and the road, this study 

aims to enhance spatial resolution by subdividing it into five municipalities based on political 

boundaries. This subdivision accounts for significant lithological, climatic, and 

geomorphological variability, yielding results at a scale of 1:50,000 instead of the previous 

1:100,000 scale. In addition, annual average precipitation will be considered as an independent 

predictive variable, derived from data interpolation of rain gauge stations surrounding the 

study area. This variable also exhibits unique seasonal behaviors in each of the five 

municipalities throughout the year. 

Furthermore, the study will assess the feasibility of developing automatic inventories using 

radiometric data from optical and radar satellite images. Leveraging the Google Earth Engine 

(GEE) platform, we aim to streamline the time-consuming process of manual landslide 

inventory creation. Additionally, radar images will be evaluated for their effectiveness in 
landslide detection, particularly in cloud-obscured areas. 

Subsequently, the relationship between predictor variables (e.g., elevation, slope angle, aspect, 

curvature, lithology, precipitation, NDVI) and landslides will be modeled using Multivariate 

Adaptive Regression Splines (MARS) technique. Models will be calibrated and validated using 

ten training and ten test samples, with predictive performance assessed through the area under 
the Receiver Operating Curve (AUC). 
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Additionally, geomorphological maps will be produced for the five municipalities, inspired by 

the methodology used in Italy with "Cuaderno 13" elaborated by AIGEO and CARG entities. 

 

CHAPTER 2. STUDY AREA AND MATERIALS  
2.1. Location  
The Via al Llano is considered one of the most important highways in Colombian, connecting 

Bogota (the capital) to Villavicencio (the capital of the Meta state) (Fig. 1a). This route facilitates 

tourism, the transportation of agricultural -industrial products and promotes economic 

progress in the territories located in the center and in the southeastern part of the country. In 

addition, the road passes through the municipalities of Chipaque, Cáqueza, Quetame, 

Guayabetal and Villavicencio (Fig. 1b).   

The current highway has 86 km of length, crossing the Cordillera Oriental, one of the three 

branches of the Colombian Andes formed by the subduction of the Nazca plate beneath South 

America. The study area covers 520km2, which includes basins that drain water toward the 

road (Fig. 1b, 2a, and 2b). The main rivers on the area are Rio Blanco, Rio Negro and Guayuriba 

River (Fig. 2).  

 

Fig. 1. (a)Location on Regional setting. (b) Study area and municipalities traversed by the road. 

Coordinate Reference System EPSG: 3116. MAGNA-SIRGAS/Colombian Bogota zone. 
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Fig. 2. (a)Watercourses in Chipaque and Caqueza. (b) Watercourses in Quetame, Guayabetal and 

Villavicencio. 

The study area is part of the topographic sheets Ȱ247ȱ and Ȱ266ȱ at a scale of 1:100,000 (Fig. 

3A, 3B), according to the division established by the Instituto Geográfico Agustín Codazzi (IGAC), 

the entity responsible for the official basic cartography of Colombia. These two sheets cover the 

departments of Cundinamarca and Meta. Additionally, the study area encompasses 10 

topographic sheets at a scale of 1:25,000 (Fig. 3C), which, according to the official 

nomenclature, are as follows: 247-I-C, 247-I-D, 247-III -A, 247-III -B, 247-III -D, 247-IV-A, 247-
IV-C, 266-I-B, 266-II-A, 266-II-C. 

 

Fig. 3. (a)Topographic sheets of Colombia. (b) Study area on the topographic grid sheet at a scale of 

1:100,000. (c) Study area on the topographic grid division sheet at a scale of 1:25,000.  
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2.2. Geology  
In the area, Precambrian metamorphic rocks, and Paleozoic to Cenozoic sedimentary rocks 

outcrop (INGEOMINAS, 1998, 2011). The metamorphic rocks are grouped in the Quetame 

Group, comprising the Susumuco and Guayabetal Formations. Both formations consist of gray 

and green phyllites, but the Guayabetal Formation also includes quartzite and gray schist, 

products of low-grade contact metamorphism from pre-Devonian age (INGEOMINAS et al., 
2001). 

The Quetame Group is in fault contact with Paleozoic sedimentary rocks grouped by Segovia 

(1963, as cited in  INGEOMINAS et al., 2011)  as the Farallones Group. This group includes the 

Areniscas de Gutierrez Formation, Lutitas de Pipiral Formation, and Capas Rojas del Guatiquia 

Formation. The Areniscas de Gutierrez Formation is composed of conglomeratic, shales, and 

sandstone levels, from the Middle Devonian. The Lutitas de Pipiral Formation consists of gray 

shales and siltstones intercalated with some gray limestones, also from the Middle Devonian. 

Lastly, the Capas Rojas del Guatiquia Formation comprises gray to red siltstone intercalated 

with gray-green sandstones, dating back to the Carboniferous period (INGEOMINAS et al., 
2011).  

In angular discordance with the preceding Paleozoic sedimentary rocks is the Buenavista 

Formation, from the Upper Jurassic Period (Tithonian). This formation is characterized by 

breccias and conglomerates containing sedimentary and metamorphic lithics in the lower 

segment, and sandstones to mudstones in the upper levels. The potential formation involves 

erosion and deposition associated with the syn-rift processes during the Triassic-Jurassic and 
Lower Cretaceous rifting in the area, in a Cretaceous Sea (INGEOMINAS et al., 2011).  

The Cáqueza Group represents the initial formations of the Lower Cretaceous Period (from 

Berriasian to Hauterivian). These rocks display an angular unconformity with the Buenavista 

Formation and the Paleozoic Farallones Group. The Cáqueza group is composed of the Lutitas 

de Macanal Formation and the Areniscas de Cáqueza Formation, which have variable 

thicknesses due to differential subsidence from tectonic movements on the rifting period. The 

Lutitas de Macanal Formation comprises black shales intercalated with sandstones and 

features abundant fossils of ammonites and bivalves. The Areniscas de Cáqueza Formation 

consists of sandstones rich in quartz, intercalated with light beds of black mudstones. It also 

contains fossils of bivalves, echinoderms, ammonites, and foraminifera, dating from the 

Hauterivian Age (INGEOMINAS et al., 2011). 

Following this, the next rocks were deposited in concordant-transitional sequences in a 

continental environment post-rift , during Upper Cretaceous. The Fomeque Formation consists 

of gray-black bioclastic limestones intercalated with black to green mudstone, dating from the 

Barremian to Aptian periods (Guerrero, 2002, as cited in INGEOMINAS et al., 2011). 

Subsequently, in a concordant sequence, the Une Formation is found, which is a succession of 

thick sandstone layers, separated by beds of claystone with shale layers, from the Albian to 

Cenomanian Age. The Chipaque Formation composed of black mudstones with minor 

intercalations of fine-grained sandstones and limestones, deposited between the Cenomanian 

to Santonian Ages. The last Cretaceous lithology found in the study area is the Arenisca Dura 

Formation composed of fine-grained quartzose sandstones, white in color, tabular, massive, 

with intercalations of thin layers of very fine sandstones exhibiting wavy planar parallel 
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lamination. This formation is dated from the Santonian to the Campanian (INGEOMINAS et al., 

2011). 

During the Upper Miocene, rhyodacite intruded into the Lutitas de Macanal Formation in the 

Quetame region. This intrusion occurs during the new compression environment that 

subsequently leads to the current mountain range. During this period, the faults that were 

normal in the rift period become reactivated and change their behavior to thrust faults 
(INGEOMINAS et al., 2011).  

Additionally, in the study area, there are unconsolidated units from Holocene Epoch. This 

includes alluvial terraces, colluvial deposits and recent alluvial deposits. The latest deposits are 

located along the riverbeds, of the Une River, the Caqueza River, the Negro River, Blanco River 

and the Guatiquia River (INGEOMINAS et al., 2001, 2011).  

The lithological composition and stratigraphic position of each formation exposed in the study 

area are summarized in the stratigraphic table in Fig. 5 (INGEOMINAS et al., 2001, 2011). 

Similarly, the location of each formation in the area is represented in the lithological map of the 

Fig. 4, information extracted from the geological maps of sheets 247 and 266 at a 1:100,000 

scale from the Colombian Geological Service (SGC) (INGEOMINAS, 1998, 2011). Additionally, 

the drainage locations were updated using images available on Google Earth between the years 
2020 and 2022. 

 

&ÉÇȢ τȢ $ÉÓÔÒÉÂÕÔÉÏÎ ÏÆ ,ÉÔÈÏÌÏÇÉÅÓ ÉÎ ÔÈÅ ÓÔÕÄÙ ÁÒÅÁ ÏÆ Ȱ6ÉÁ ÁÌ ,ÌÁÎÏȱ ÈÉÇÈ×ÁÙȢ -ÏÄÉПÉÅÄ ÆÒÏÍ 

ɉ).'%/-).!3ȟ ρωωψȟ ςπρρɊ 
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&ÉÇȢ υȢ 3ÔÒÁÔÉÇÒÁÐÈÉÃ #ÏÌÕÍÎ ÏÆ ÔÈÅ 3ÔÕÄÙ !ÒÅÁ ÃÕÒÒÏÕÎÄÉÎÇ ÔÈÅ (ÉÇÈ×ÁÙ Ȱ6ÉÁ ÁÌ ,ÌÁÎÏȱȢ -ÏПÉÄÉÅÄ ÆÒÏÍ 

).'%/-).!3 ÅÔ ÁÌȢȟ ɉςπρρɊ 
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For a more thorough analysis, the study area was divided into the five municipalities through 

which the road passes: Chipaque, Cáqueza, Quetame, Guayabetal, and Villavicencio, located 

from north to south, respectively. In the Chipaque area (Fig. 6), structures exhibit a 

predominantly north -south strike orientation; however, the dip direction of these formations 

varies due to the presence of two synclines. The Teusacá Syncline that has its axial axis in the 

middle of the Chipaque Formation, while the Mercadillo Syncline is located in the middle of the 

Fomeque Formation. Additionally, three faults cut across the road and the course of the Une 

River. The first brings the Une and Fomeque formations into contact, the second is situated in 

the middle of the Fomeque Formation with a NE-SW direction, and the third is known as the 

Cáqueza River Fault, running parallel to its course (INGEOMINAS, 2011; INGEOMINAS et al., 

2011). 

In the Cáqueza area (Fig. 7), the Lutitas de Macanal Formation covers the most extensive area 

and displays a series of faults, predominantly of reverse component. Among them, the Cáqueza 

River Fault, the Negro River Fault, and the Quebrada Honda Fault stand out. The Cáqueza River 

Fault maintains an orientation parallel to the river course, as its path is influenced by this fault. 

It is a strike-slip fault that affects the Fomeque, Areniscas de Caqueza, and Lutitas de Macanal 

formations. The Negro River Fault, with an approximate north-south direction, controls the 

course of the Negro River and is also classified as a strike-slip fault. On the other hand, the 

Quebrada Honda Fault, located to the south of the area, follows a direction of approximately 

N30°E with a dip towards the SE. Additionally, in the northern part of this area, the Ubaque 

Fault emerges, establishing contact between the Fomeque Formation with Areniscas de 

Caqueza, and Lutitas de Macanal formations. It is characterized as a thrust fault with a dip of 
N35°E (INGEOMINAS, 2011; INGEOMINAS et al., 2011). 

 

&ÉÇȢ φȢ 'ÅÏÌÏÇÉÃÁÌ ÁÎÄ ÓÔÒÕÃÔÕÒÁÌ ÓÅÔÔÉÎÇ ÉÎ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ #ÈÉÐÁÑÕÅȢ -ÏÄÉПÉÅÄ ÆÒÏÍ ).'%/-).!3ȟ 

ɉςπρρɊ 
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In the Quetame area (Fig. 8), the presence of the Lutitas de Macanal Formation and the Quetame 

Group is identified, with the latter being the lithological unit that covers the largest extent in 

the zone. The Las Mercedes and Quetame faults are responsible for the interaction between 

these two formations. Additionally, it is postulated that the Quetame Fault could be a high-angle 

regional and cortical structure that facilitated the intrusion of the rhyodacitic igneous body and 

some thermal springs south of the town of Quetame. This fault has an orientation of N25E and 

controls the course of the Contador River. Within the Quetame Group unit, the presence of the 

Quebrada Grande Fault and the Jabonera Fault is also observed, with the latter exerting control 

for the Negro River until its confluence with the Blanco River (INGEOMINAS, 2011; 
INGEOMINAS et al., 2011). 

 

 

&ÉÇȢ χȢ 'ÅÏÌÏÇÉÃÁÌ ÁÎÄ ÓÔÒÕÃÔÕÒÁÌ ÓÅÔÔÉÎÇ ÉÎ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ #ÁÑÕÅÚÁȢ -ÏÄÉПÉÅÄ ÆÒÏÍ ɉ).'%/-).!3ȟ 

ɉςπρρɊ 
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&ÉÇȢ ψȢ 'ÅÏÌÏÇÉÃÁÌ ÁÎÄ ÓÔÒÕÃÔÕÒÁÌ ÓÅÔÔÉÎÇ ÉÎ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ 1ÕÅÔÁÍÅȢ -ÏÄÉПÉÅÄ ÆÒÏÍ ).'%/-).!3ȟ 

ςπρρɊ 

 

In the Guayabetal area (Fig. 9), the predominant formations are the Quetame Group, along with 

the Areniscas de Gutiérrez and Lutitas de Pipiral formations. The Jabonera Fault persists in a 

north-south direction and affects the Areniscas de Gutiérrez Formation. Notably, over the 

Quetame Group, the presence of the San Juanito Fault stands out, facilitating contact with the 

Capas Rojas del Guatiquia Formation. This fault, with a sub-vertical inverse component, exhibits 

a westward dip. Subsequently, the Portachuelo Fault and the Susumuco Fault are encountered. 

The latter is considered a dextral strike-slip fault with a direction of N15W, controlling the 

course of the Susumuco Brook. Additionally, the Rio Blanco Fault separates the Quetame Group 

from the Farallones Group (Areniscas de Gutiérrez and Lutitas de Pipiral formations). It has an 

east-west orientation and a length of 10 km, structurally controlling the flow of water, initially 

from the Rio Blanco and then from the Rio Negro. Finally, over the formations of the Farallones 

Group, a variety of faults and folds are observed, including anticlines and synclines 

(INGEOMINAS, 1998; INGEOMINAS et al., 2001). 
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&ÉÇȢ ωȢ 'ÅÏÌÏÇÉÃÁÌ ÁÎÄ ÓÔÒÕÃÔÕÒÁÌ ÓÅÔÔÉÎÇ ÉÎ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ 'ÕÁÙÁÂÅÔÁÌȢ -ÏÄÉПÉÅÄ ÆÒÏÍ ).'%/-).!3ȟ 

ɉρωωψɊ 

Finally, in the Villavicencio area (Fig. 10), the Susumuco Fault continues to affect the formations 

of the Farallones Group, with a movement considered dextral strike-slip. Additionally, the Rio 

Blanco Fault continues to control the course of the Rio Negro, and this reverse fault now extends 

to the northeast, maintaining the contact between the Quetame Group and the Farallones 

Group. However, to the east, it allows contact between the Capas Rojas del Guatiquia Formation 

and the Areniscas de Gutiérrez Formation. Another significant fault facilitating the contact 

between these two formations is the Portachuelo Fault. Also noteworthy is the Servita Fault, 

connecting the Devonian-age Lutias de Pipiral Formation with the Lower Cretaceous Lutitas de 

Macanal Formation, given its main inverse component. It is also observed a faulted contact 

between the Cretaceous-age Lutitas de Macanal and the Brechas de Buenavista Formation 

through the Buenavista Fault. Finally, there is the El Buque Fault, displacing the aforementioned 

formations from east to west due to its sinistral strike-slip component. Additionally, over the 

las Lutitas de Macanal, significant deformation is observed due to the presence of several 
synclines and anticlines within it (INGEOMINAS, 1998; INGEOMINAS et al., 2001). 
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&ÉÇȢ ρπȢ 'ÅÏÌÏÇÉÃÁÌ ÁÎÄ ÓÔÒÕÃÔÕÒÁÌ ÓÅÔÔÉÎÇ ÉÎ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ 6ÉÌÌÁÖÉÃÅÎÃÉÏȢ -ÏÄÉПÉÅÄ ÆÒÏÍ 

).'%/-).!3ȟ ɉρωωψɊ 
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2.3. Geomorphology  
Geomorphology is the scientific discipline that studies the landforms of the Earth's surface and 

their spatial combinations (Ciccacci, 2010). Thus, the discipline aims to describe terrain 

features, explaining their origin and evolution over geological time. Additionally, it seeks to 

classify landscapes based on the dominant natural processes and agents shaping them, called 

morphogenetic environment (Servicio Geologico Colombiano et al., 2012). 

A morphogenetic environment encompasses the physical, chemical, biotic, and climatic 

conditions under which landforms were formed. According to the recompilation made by 

Servicio Geologico Colombiano et al., (2012) the morphogenetic environments are categorized 

into structural, volcanic, denudational, fluvial, deep-sea and coastal marine, glacial, aeolian, 

karstic, anthropogenic, and/or biological. 

In the study area, the Servicio Geologico Colombiano (SGC, Colombian Geological Survey) 

published geomorphological maps for sheets 247 and 266 in 2018, following the 

methodological proposal of Servicio Geologico Colombiano et al., (2012). In this context, the 

morphogenetic environments highlighted in the area are structural, denudational, fluvial, and 
glacial (Table 1, 2 and 3). 

¶ The structural environment corresponds to landforms generated by active tectonics 

resulting from the Earth's internal dynamics. Folding and faulting in rocks are associated 

with this environment, and cartographically, it is represented by purple. 

¶ The denudational environment is determined by weathering processes, predominantly 

hydro-erosive processes, and phenomena of transposition or mass removal acting on 

pre-existing landforms. For this type of region, the adopted cartographic color is brown. 

¶ The fluvial environment, differentiated by blue, corresponds to landforms generated by 

processes related to fluvial activity. 

¶ The glacial environment is distinguished by landforms formed by glacial action in high 

mountains. In cartography, it is differentiated by the color gray. 

¶ The anthropic environment refers to forms generated and modified by human activity 

on the land surface. In cartography, it is designated by the color black. 
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&ÉÇȢ ρρȢ $ÉÓÔÒÉÂÕÔÉÏÎ ÏÆ ÍÏÒÐÈÏÇÅÎÅÔÉÃ ÅÎÖÉÒÏÎÍÅÎÔÓ ÉÎ ÔÈÅ ÓÔÕÄÙ ÁÒÅÁ ÏÆ Ȱ6ÉÁ ÁÌ ,ÌÁÎÏȱ ÈÉÇÈ×ÁÙȢ 

-ÏÄÉПÉÅÄ ÆÒÏÍ 3ÅÒÖÉÃÉÏ 'ÅÏÌÏÇÉÃÏ #ÏÌÏÍÂÉÁÎÏ Ǫ 5ÎÉÖÅÒÓÉÄÁÄ 0ÅÄÁÇÏÇÉÃÁ Ù 4ÅÃÎÏÌÏÇÉÃÁ ÄÅ #ÏÌÏÍÂÉÁȟ 

ςπρψÁȟ ςπρψÂɊȢ  

 

&ÉÇȢ ρςȢ -ÁÐ ÏÆ ,ÁÎÄÆÏÒÍÓ ÉÎ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ #ÈÉÐÁÑÕÅȢ -ÏÄÉПÉÅÄ ÆÒÏÍ 3ÅÒÖÉÃÉÏ 'ÅÏÌÏÇÉÃÏ 

#ÏÌÏÍÂÉÁÎÏ Ǫ 5ÎÉÖÅÒÓÉÄÁÄ 0ÅÄÁÇÏÇÉÃÁ Ù 4ÅÃÎÏÌÏÇÉÃÁ ÄÅ #ÏÌÏÍÂÉÁÖ ɉςπρψÁɊȢ 
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4ÁÂÌÅ ρȢ $ÅÎÕÄÁÔÉÏÎÁÌȟ 'ÌÁÃÉÁÌ ÁÎÄ !ÎÔÈÒÏÐÉÃ ÌÁÎÄÆÏÒÍÓ ÉÎ ÔÈÅ 3ÔÕÄÙ ÁÒÅÁȢ -ÏÄÉПÉÅÄ ÆÒÏÍ 3ÅÒÖÉÃÉÏ 

'ÅÏÌÏÇÉÃÏ #ÏÌÏÍÂÉÁÎÏ ÅÔ ÁÌȢȟ ɉςπρςɊ 

  !ÃÒÏÎÙÍ 5ÎÉÔ $ÅПÉÎÉÔÉÏÎ 
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$ÌÄÅÂÌ $ÅÎÕÄÅÄ ÒÉÄÇÅ 
ÓÙÓÔÅÍ ×ÉÔÈ 
ÌÏÎÇ ÌÅÎÇÔÈ 

4ÈÅÙ ÁÒÅ ÓÙÓÔÅÍÓ ÏÒ ÓÅÔÓ ÏÆ ÒÉÄÇÅÓ ÏÒ ÃÒÅÓÔÓ ÌÏÃÁÔÅÄ ÁÔ ÄÉÆÆÅÒÅÎÔ ÁÌÔÉÔÕÄÅÓȠ ×ÉÔÈ Á ÒÅÌÁÔÉÖÅ ÒÅÌÉÅÆ 
ÉÎÄÅØ ÏÆ ÌÅÓÓ ÔÈÁÎ ςυπ Í ÁÎÄ ÔÈÅ ÌÅÎÇÔÈ ÏÆ ÔÈÅ ÍÁÉÎ ÁØÉÓ ÇÒÅÁÔÅÒ ÔÈÁÎ ρπππ ÍȠ ÔÈÅÙ ÁÒÅ 
ÅÌÏÎÇÁÔÅÄ ÆÏÒÍÓ ÐÅÒÐÅÎÄÉÃÕÌÁÒ ÔÏ ÔÈÅ ÍÁÉÎ ÄÒÁÉÎÁÇÅȢ 4ÈÅ ÔÏÐ ÏÒ ÕÐÐÅÒ ÐÁÒÔ ÃÁÎ ÈÁÖÅ ÄÉÆÆÅÒÅÎÔ 
ÓÈÁÐÅÓ ÄÅÐÅÎÄÉÎÇ ÏÎ ÔÈÅ ÄÅÇÒÅÅ ÏÆ ÄÒÁÉÎÁÇÅ ÉÎÃÉÓÉÏÎȟ ÔÈÅ ÔÙÐÅ ÏÆ ÓÁÐÒÏÌÉÔÅ ÄÅÖÅÌÏÐÅÄ ÂÙ ÔÈÅ 
ÄÏÍÉÎÁÎÔ ÒÏÃËȟ ÁÎÄ ÔÈÅ ÅÒÏÓÉÖÅ ÐÒÏÃÅÓÓÅÓ ÔÈÁÔ ÈÁÖÅ ÓÈÁÐÅÄ ÉÔȢ 4ÈÅ ÓÌÏÐÅ ÁÎÄ ÏÒÉÅÎÔÁÔÉÏÎ ÏÆ ÔÈÅ 
ÒÉÄÇÅ ÁØÉÓ ÃÁÎ ÐÒÏÖÉÄÅ ÉÎÆÏÒÍÁÔÉÏÎ ÏÎ ÕÐÌÉÆÔ ÐÒÏÃÅÓÓÅÓ ÁÎÄ ÒÁÔÅÓ ÏÆ ÔÈÅ ÍÏÕÎÔÁÉÎ ÒÁÎÇÅ ÁÓ Á 
×ÈÏÌÅ ÏÒ ÔÈÅ ÅÒÏÓÉÏÎ ÓÐÅÅÄ ÏÆ ÔÈÅ ÍÁÉÎ ÒÉÖÅÒ ÏÒ ÇÅÏÍÏÒÐÈÏÌÏÇÉÃÁÌ ÁØÉÓ 

$ÓÄ $ÅÎÕÄÅÄ ÒÉÄÇÅ 4ÏÐÏÇÒÁÐÈÉÃ ÐÒÏÍÉÎÅÎÃÅ ×ÉÔÈ ÍÏÕÎÔÁÉÎÏÕÓ ÁÎÄ ÅÌÏÎÇÁÔÅÄ ÍÏÒÐÈÏÌÏÇÙȟ ÆÅÁÔÕÒÉÎÇ ÌÏÎÇ ÔÏ 
ÅØÔÒÅÍÅÌÙ ÌÏÎÇ ÓÌÏÐÅÓȟ ÃÏÎÃÁÖÅ ÔÏ ÃÏÎÖÅØȟ ×ÉÔÈ ÖÅÒÙ ÓÔÅÅÐ ÔÏ ÁÂÒÕÐÔ ÓÌÏÐÅÓȟ ×ÈÅÒÅ ÐÒÏÎÏÕÎÃÅÄ 
ÅÒÏÓÉÏÎ ÏÒ ÍÁÓÓ ÍÏÖÅÍÅÎÔ ÐÒÏÃÅÓÓÅÓ ÐÒÅÖÁÉÌȢ )ÔÓ ÏÒÉÇÉÎ ÉÓ ÒÅÌÁÔÅÄ ÔÏ ÐÒÏÎÏÕÎÃÅÄ ÅÒÏÓÉÏÎ 
ÐÒÏÃÅÓÓÅÓ ÉÎ ÉÇÎÅÏÕÓ ÁÎÄ ÍÅÔÁÍÏÒÐÈÉÃ ÒÏÃË ÓÕÂÓÔÒÁÔÅÓ 

$ÌÏ 5ÎÄÕÌÁÔÉÎÇ 
ÓÌÏÐÅ 

3ÌÏÐÉÎÇ ÓÕÒÆÁÃÅ ×ÉÔÈ ÈÕÍÍÏÃËÙ ÏÒ ÈÉÌÌÙ ÍÏÒÐÈÏÌÏÇÙȟ ÉÎÃÌÉÎÅÄ ÔÏ ÓÔÅÅÐ ÓÌÏÐÅȟ ÖÁÒÙÉÎÇ ÉÎ ÌÅÎÇÔÈ 
ÆÒÏÍ ÓÈÏÒÔ ÔÏ ÖÅÒÙ ÌÏÎÇȢ 4ÈÅ ÄÒÁÉÎÁÇÅ ÐÁÔÔÅÒÎ ÉÓ ÓÕÂÄÅÎÄÒÉÔÉÃ ÔÏ ÓÕÂÐÁÒÁÌÌÅÌȢ 4ÈÅÓÅ ÓÌÏÐÅÓ ÃÁÎ 
ÆÏÒÍ ÏÎ ÒÅÓÉÄÕÁÌ ÓÏÉÌÓ ÁÎÄ ÃÏÌÌÕÖÉÁÌ ÄÅÐÏÓÉÔÓȢ 

$ÔÓ %ÌÅÖÁÔÅÄ 
ͻÈÁÎÇÉÎÇͻ 
ÔÅÒÒÁÃÅÓ 

&ÌÁÔ ÏÒ ÄÅÎÕÄÅÄ ÓÕÒÆÁÃÅ ×ÉÔÈ ÈÕÍÍÏÃËÙ ÁÎÄ ÈÉÌÌÙ ÍÏÒÐÈÏÌÏÇÙȟ ÇÅÎÔÌÙ ÉÎÃÌÉÎÅÄ ÓÌÏÐÅÓ ÔÈÁÔ 
ÁÐÐÅÁÒ ÁÓ ÒÅÌÉÃÓ ÏÆ ÁÎÃÉÅÎÔ ÔÅÒÒÁÃÅÓ ÁÎÄ ПÌÕÖÉÁÌ ÌÁÎÄÆÏÒÍÓȟ ÌÏÃÁÔÅÄ ÁÔ Á ÈÉÇÈÅÒ ÅÌÅÖÁÔÉÏÎ ÔÈÁÎ ÔÈÅ 
ÃÕÒÒÅÎÔ ÒÉÖÅÒÂÅÄ ÂÁÓÅ ÌÅÖÅÌȢ 4ÈÅÙ ÃÏÒÒÅÓÐÏÎÄ ÔÏ ÁÒÅÁÓ ÁÆÆÅÃÔÅÄ ÂÙ ÔÅÃÔÏÎÉÓÍ ÏÒ ÒÅÇÉÏÎÓ ×ÈÅÒÅ 
ÅÒÏÓÉÏÎ ÐÒÏÃÅÓÓÅÓ ÁÒÅ ÍÏÒÅ ÉÎПÌÕÅÎÔÉÁÌ ÔÈÁÎ ÄÅÐÏÓÉÔÉÏÎȢ 

$ÃÏ #ÏÌÌÕÖÉÁÌ ÃÏÎÅ 
ÁÎÄ ÌÏÂÅ ÆÒÏÍ 
ÓÏÌÉПÌÕÃÔÉÏÎ 

3ÔÒÕÃÔÕÒÅ ÉÎ ÔÈÅ ÆÏÒÍ ÏÆ Á ÃÏÎÅ ÏÒ ÌÏÂÅ ×ÉÔÈ ÌÏ× ÈÕÍÍÏÃËÙ ÍÏÒÐÈÏÌÏÇÙȢ )ÔÓ ÏÒÉÇÉÎ ÉÓ ÒÅÌÁÔÅÄ ÔÏ 
ÐÒÏÃÅÓÓÅÓ ÏÆ ÔÒÁÎÓÐÏÒÔÁÔÉÏÎ ÁÎÄ ÄÅÐÏÓÉÔÉÏÎ ÏÆ ÍÁÔÅÒÉÁÌÓ ÏÎ ÓÌÏÐÅÓ ÁÎÄ ÄÕÅ ÔÏ ÈÙÄÒÏÇÒÁÖÉÔÁÔÉÏÎÁÌ 
ÐÒÏÃÅÓÓÅÓ ÉÎ ÓÁÔÕÒÁÔÅÄ ÁÎÄ ÕÎÓÁÔÕÒÁÔÅÄ ÓÏÉÌÓȢ )ÔÓ ÄÅÐÏÓÉÔ ÃÏÎÓÉÓÔÓ ÏÆ ÈÅÔÅÒÏÍÅÔÒÉÃ ÂÌÏÃËÓ ÁÎÄ 
ÆÒÁÇÍÅÎÔÓ ÏÆ ÐÒÅȤÅØÉÓÔÉÎÇ ÒÏÃËÓȟ ÅÍÂÅÄÄÅÄ ÉÎ Á ÇÅÎÅÒÁÌÌÙ ÃÌÁÙÅÙ ÔÏ ÃÌÁÙÅÙ ÓÁÎÄÙ ÍÁÔÒÉØ 

$ÄÉ 5ÎÄÉÆÆÅÒÅÎÔÉÁÔÅÄ 
ÌÁÎÄÓÌÉÄÅ ÃÏÎÅ 

3ÔÒÕÃÔÕÒÅ ÉÎ ÔÈÅ ÆÏÒÍ ÏÆ Á ÃÏÎÅ ÏÒ ÌÏÂÅ ×ÉÔÈ ÌÏ×ȟ ÃÏÎÃÁÖÅ ÔÏ ÃÏÎÖÅØ ÍÏÒÐÈÏÌÏÇÙȟ ÆÅÁÔÕÒÉÎÇ Á 
ÓÔÅÐÐÅÄ ÓÌÏÐÅȟ ÓÅÍÉÃÉÒÃÕÌÁÒ ÎÉÃÈÅÓȟ ÉÎÃÌÉÎÅÄ ÂÌÏÃËÓȟ ÉÒÒÅÇÕÌÁÒ ÒÅÌÉÅÆȟ ÔÈÅ ÆÏÒÍÁÔÉÏÎ ÏÆ ÃÒÁÃËÓȟ ÁÎÄ 
ÓÕÄÄÅÎ ÃÈÁÎÇÅÓ ÉÎ ÓÌÏÐÅȢ )ÔÓ ÏÒÉÇÉÎ ÉÓ ÒÅÌÁÔÅÄ ÔÏ ÍÁÓÓ ÍÏÖÅÍÅÎÔÓ ÏÆ ÓÏÉÌ ÏÒ ÒÏÃËȟ ×ÈÅÒÅ 
ÄÉÓÐÌÁÃÅÍÅÎÔ ÏÃÃÕÒÓ ÐÒÅÄÏÍÉÎÁÎÔÌÙ ÁÌÏÎÇ Á ÆÁÕÌÔ ÓÕÒÆÁÃÅ ÏÒ ÉÎ ÁÒÅÁÓ ×ÉÔÈ ÈÉÇÈ ÓÈÅÁÒ 
ÄÅÆÏÒÍÁÔÉÏÎȢ 

$ÅÅÍ -ÁÊÏÒ ÅÒÏÓÉÏÎ 
ÓÃÁÒÐ 

3ÔÅÅÐ ÏÒ ÓÈÅÅÒ ÓÌÏÐÅȟ ÏÆ ÖÁÒÉÁÂÌÅ ÈÅÉÇÈÔȟ ÔÈÁÔ ÃÁÎ ÂÅ ÆÏÒÍÅÄ ÂÙ ÖÁÒÉÏÕÓ ÃÁÕÓÅÓȡ ÔÅÃÔÏÎÉÃȟ ÂÙ 
ÁÂÒÁÓÉÏÎ ɉПÌÕÖÉÁÌ ÁÎÄ ÍÁÒÉÎÅ ÅÒÏÓÉÏÎɊȟ ÂÙ ÇÒÁÖÉÔÁÔÉÏÎÁÌ ÁÎÄ ÇÌÁÃÉÁÌ ÐÒÏÃÅÓÓÅÓȢ )Ô ÃÁÎ ÅÖÅÎÔÕÁÌÌÙ 
ÒÁÎÇÅ ÆÒÏÍ ÓÈÏÒÔ ÔÏ ÌÏÎÇȟ ×ÉÔÈ Á ÃÏÎÃÁÖÅȟ ÃÏÎÖÅØȟ ÏÒ ÓÔÒÁÉÇÈÔ ÓÈÁÐÅȟ ÆÅÁÔÕÒÉÎÇ Á ÓÔÅÅÐ ÔÏ ÖÅÒÙ 
ÓÔÅÅÐ ÓÌÏÐÅȢ 

$ÅÆ &ÁÃÅÔÅÄ ÓÃÁÒÐ 4ÒÉÁÎÇÕÌÁÒ ÏÒ ÔÒÁÐÅÚÏÉÄÁÌ ÓÕÒÆÁÃÅȟ ×ÉÔÈ Á ×ÉÄÅ ÂÁÓÅ ÁÎÄ ÎÁÒÒÏ× ÔÏÐȟ ÆÅÁÔÕÒÉÎÇ ÈÕÍÍÏÃËÙȟ 
ÃÏÎÃÁÖÅ ÍÏÒÐÈÏÌÏÇÙ ÏÆ ÓÈÏÒÔ ÔÏ ÍÏÄÅÒÁÔÅÌÙ ÌÏÎÇ ÌÅÎÇÔÈ ÁÎÄ ÓÔÅÅÐ ÔÏ ÖÅÒÙ ÓÔÅÅÐ ÓÌÏÐÅÓȢ )ÔÓ 
ÏÒÉÇÉÎ ÉÓ ÒÅÌÁÔÅÄ ÔÏ ÅÒÏÓÉÏÎȟ ÉÎÃÉÓÉÏÎȟ ÁÎÄ ÍÁÓÓ ÍÏÖÅÍÅÎÔÓ ÏÎ ÒÅÌÉÃÔ ÓÌÏÐÅÓ ÁÐÐÅÁÒÉÎÇ ÁÒÏÕÎÄ 
ÓÔÒÕÃÔÕÒÁÌ ÒÅÌÉÅÆÓ ÃÏÍÐÏÓÅÄ ÏÆ ÆÒÁÃÔÕÒÅÄ ÍÁÔÅÒÉÁÌÓȢ 
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'ÓÈÌÃ #ÏÕÎÔÅÒȤÓÌÏÐÅ 
ПÌÁÎË ÏÆ Á 
ÇÌÁÃÉÁÔÅÄ 
ÈÏÍÏÃÌÉÎÁÌ 
ÒÉÄÇÅ 

3ÌÏÐÅÓ ÄÅПÉÎÅÄ ÂÙ ÔÈÅ ÉÎÃÌÉÎÁÔÉÏÎ ÏÆ ÓÔÒÁÔÁ ÁÇÁÉÎÓÔ ÔÈÅ ÓÌÏÐÅȟ ÏÆ ÍÏÄÅÒÁÔÅ ÔÏ ÖÅÒÙ ÌÏÎÇ ÌÅÎÇÔÈȟ 
×ÉÔÈ ÃÏÎÃÁÖÅ ÔÏ ÉÒÒÅÇÕÌÁÒ ÓÔÅÐÐÅÄ ÆÏÒÍÓ ÁÎÄ ÓÔÅÅÐ ÔÏ ÖÅÒÙ ÓÔÅÅÐ ÓÌÏÐÅÓ ÌÏÃÁÌÌÙ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ 
ÓÎÏ× ÁÃÃÕÍÕÌÁÔÉÏÎ ÄÅÐÒÅÓÓÉÏÎÓ ÁÎÄ ÇÌÁÃÉÁÌ ÃÉÒÑÕÅÓȢ 4ÈÅÙ ÅØÈÉÂÉÔ ÓÈÁÒÐ ÒÉÄÇÅÓ ɉÇÌÁÃÉÁÌ ÁÒÅǶÔÅÓɊȟ 
ÇÌÁÃÉÁÌ ÃÉÒÑÕÅÓȟ ÁÎÄ ÌÏÃÁÌÌÙ ÖÁÌÌÅÙÓ ÏÆ ÔÈÅ ÓÁÍÅ ÏÒÉÇÉÎȟ ÔÒÁÎÓÖÅÒÓÅȟ ÇÉÖÉÎÇ ÉÔ ÁÎ ÉÒÒÅÇÕÌÁÒ 
ÁÐÐÅÁÒÁÎÃÅ ÉÎ ÐÒÏПÉÌÅȢ 4ÈÅ ÉÒÒÅÇÕÌÁÒ ͻ5ͻȤÓÈÁÐÅÄ ÍÏÒÐÈÏÌÏÇÙ ÏÆ ÇÌÁÃÉÁÌ ÁÒÅǶÔÅÓ ÉÓ Á ÃÈÁÒÁÃÔÅÒÉÓÔÉÃ 
ÆÅÁÔÕÒÅȢ 

'ÓÈÌÅ 3ÔÒÕÃÔÕÒÁÌ ÓÌÏÐÅ 
ÏÆ Á ÇÌÁÃÉÁÔÅÄ 
ÈÏÍÏÃÌÉÎÁÌ 
ÒÉÄÇÅ 

3ÌÏÐÅÓ ÄÅПÉÎÅÄ ÂÙ ÔÈÅ ÉÎÃÌÉÎÁÔÉÏÎ ÏÆ ÓÔÒÁÔÁ ÉÎ ÔÈÅ ÓÁÍÅ ÄÉÒÅÃÔÉÏÎ ÁÓ ÔÈÅ ÓÌÏÐÅȟ ÒÁÎÇÉÎÇ ÆÒÏÍ ÓÔÅÅÐ 

ÔÏ ÖÅÒÙ ÓÔÅÅÐȟ ÏÆ ÍÏÄÅÒÁÔÅ ÔÏ ÖÅÒÙ ÌÏÎÇ ÌÅÎÇÔÈȟ ×ÉÔÈ ÃÏÎÃÁÖÅȤÃÏÎÖÅØ ÍÏÒÐÈÏÌÏÇÉÅÓ ÁÎÄ 

ÕÎÄÕÌÁÔÉÎÇ ÓÕÒÆÁÃÅÓȟ ÁÎÄ ÓÌÏÐÅÓ ÒÁÎÇÉÎÇ ÆÒÏÍ ÓÔÅÅÐ ÔÏ ÖÅÒÙ ÓÔÅÅÐȢ 4ÈÅÙ ÅØÈÉÂÉÔ ÓÈÁÒÐ ÒÉÄÇÅÓ 

ɉÇÌÁÃÉÁÌ ÁÒÅǶÔÅÓɊȟ ÄÅÌÉÍÉÔÉÎÇ ÇÌÁÃÉÁÌ ÖÁÌÌÅÙÓ ÉÎ Á ͻ5ͻ ÓÈÁÐÅȢ 
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 !Ã 1ÕÁÒÒÉÅÓ 3ÔÅÅÐ ÅØÃÁÖÁÔÉÏÎ ×ÉÔÈ Á ÈÅÉÇÈÔ ÏÎ ÔÈÅ ÏÒÄÅÒ ÏÆ ÄÅÃÉÍÅÔÅÒÓȟ ÉÒÒÅÇÕÌÁÒÌÙ ÓÈÁÐÅÄ ÏÒ ÔÅÒÒÁÃÅÄ ÏÎ 
ÓÌÏÐÅÓ ÆÏÒ ÔÈÅ ÅØÔÒÁÃÔÉÏÎ ÏÆ ÃÏÎÓÔÒÕÃÔÉÏÎ ÍÁÔÅÒÉÁÌÓ ÓÕÃÈ ÁÓ ÓÔÏÎÅȟ ÓÁÎÄȟ ÁÎÄ ÇÒÁÖÅÌȢ 4ÈÉÓ 
ÄÅПÉÎÉÔÉÏÎ ÉÎÃÌÕÄÅÓ ÅØÃÁÖÁÔÉÏÎÓ ÃÁÒÒÉÅÄ ÏÕÔ ÆÏÒ ÔÈÅ ÅØÔÒÁÃÔÉÏÎ ÏÆ ÃÌÁÙÓ ÃÏÍÍÏÎÌÙ ÒÅÆÅÒÒÅÄ ÔÏ ÁÓ 
ÂÒÉÃË ÃÌÁÙ ÐÉÔÓ 
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4ÁÂÌÅ ςȢ 3ÔÒÕÃÔÕÒÁÌ ÌÁÎÄÆÏÒÍÓ ÉÎ ÔÈÅ 3ÔÕÄÙ ÁÒÅÁȢ -ÏÄÉПÉÅÄ ÆÒÏÍ 3ÅÒÖÉÃÉÏ 'ÅÏÌÏÇÉÃÏ #ÏÌÏÍÂÉÁÎÏ ÅÔ ÁÌȢȟ 

ɉςπρςɊ 

  !ÃÒÏÎÙÍ 5ÎÉÔ $ÅПÉÎÉÔÉÏÎ 
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3ÌÃÐ #ÏÕÎÔÅÒȤÓÌÏÐÅ 
ПÌÁÎË 

3ÌÏÐÉÎÇ ÓÕÒÆÁÃÅȟ ×ÉÔÈ ÒÅÇÕÌÁÒ ÔÏ ÉÒÒÅÇÕÌÁÒ ÍÏÒÐÈÏÌÏÇÙȟ ÄÅПÉÎÅÄ ÂÙ ÐÌÁÎÅÓ ɉÓÔÒÁÔÁȟ ÆÏÌÉÁÔÉÏÎȟ ÊÏÉÎÔÉÎÇȟ 
ÁÍÏÎÇ ÏÔÈÅÒÓɊ ÁÒÒÁÎÇÅÄ ÏÐÐÏÓÉÔÅ ÔÏ ÔÈÅ ÓÌÏÐÅȢ )Ô ÃÁÎ ÏÃÃÕÒ ×ÉÔÈ Á ÌÏÎÇ ÔÏ ÅØÔÒÅÍÅÌÙ ÌÏÎÇ ÌÅÎÇÔÈ 
ÁÎÄ ÓÌÏÐÅÓ ÒÁÎÇÉÎÇ ÆÒÏÍ ÇÅÎÔÌÙ ÉÎÃÌÉÎÅÄ ÔÏ ÓÔÅÅÐȢ )Î ÔÈÉÓ ÌÁÎÄÆÏÒÍȟ ÓÔÒÕÃÔÕÒÁÌ ÄÁÔÁ ÄÏ ÎÏÔ ÁÌÌÏ× 
ÅÓÔÁÂÌÉÓÈÉÎÇ ÁÎ ÁÓÓÏÃÉÁÔÉÏÎ ×ÉÔÈ ÁÎÙ ÒÅÇÉÏÎÁÌȤÔÙÐÅ ÓÔÒÕÃÔÕÒÅ ɉÁÎÔÉÃÌÉÎÅȟ ÓÙÎÃÌÉÎÅȟ ÈÏÍÏÃÌÉÎÁÌȟ 
ÍÏÎÏÃÌÉÎÅȟ ÁÍÏÎÇ ÏÔÈÅÒÓɊȢ 

3ÌÅ 3ÔÒÕÃÔÕÒÁÌ ÓÌÏÐÅ 3ÌÏÐÉÎÇ ÓÕÒÆÁÃÅȟ ×ÉÔÈ ÒÅÇÕÌÁÒ ÔÏ ÉÒÒÅÇÕÌÁÒ ÍÏÒÐÈÏÌÏÇÙȟ ÄÅПÉÎÅÄ ÂÙ ÐÒÅÆÅÒÅÎÔÉÁÌ ÐÌÁÎÅÓ ɉÓÔÒÁÔÁȟ 
ÆÏÌÉÁÔÉÏÎȟ ÊÏÉÎÔÉÎÇȟ ÁÍÏÎÇ ÏÔÈÅÒÓɊ ÐÁÒÁÌÌÅÌ ÔÏ ÔÈÅ ÓÌÏÐÅȢ )Ô ÃÁÎ ÏÃÃÕÒ ×ÉÔÈ Á ÌÏÎÇ ÔÏ ÅØÔÒÅÍÅÌÙ ÌÏÎÇ 
ÌÅÎÇÔÈ ÁÎÄ ÓÌÏÐÅÓ ÒÁÎÇÉÎÇ ÆÒÏÍ ÇÅÎÔÌÙ ÉÎÃÌÉÎÅÄ ÔÏ ÓÔÅÅÐȢ )Î ÔÈÉÓ ÌÁÎÄÆÏÒÍȟ ÓÔÒÕÃÔÕÒÁÌ ÄÁÔÁ ÄÏ ÎÏÔ 
ÁÌÌÏ× ÅÓÔÁÂÌÉÓÈÉÎÇ ÁÎ ÁÓÓÏÃÉÁÔÉÏÎ ×ÉÔÈ ÁÎÙ ÒÅÇÉÏÎÁÌȤÔÙÐÅ ÓÔÒÕÃÔÕÒÅ ɉÁÎÔÉÃÌÉÎÅȟ ÓÙÎÃÌÉÎÅȟ ÈÏÍÏÃÌÉÎÁÌȟ 
ÍÏÎÏÃÌÉÎÅȟ ÁÍÏÎÇ ÏÔÈÅÒÓɊ 

3Ó -ÏÕÎÔÁÉÎ ÒÁÎÇÅ 4ÏÐÏÇÒÁÐÈÉÃÁÌÌÙ ÐÒÏÍÉÎÅÎÔ ÍÏÕÎÔÁÉÎÏÕÓ ÍÏÒÐÈÏÌÏÇÙȟ ×ÉÔÈ ÌÏÎÇ ÔÏ ÅØÔÒÅÍÅÌÙ ÌÏÎÇȟ ÃÏÎÃÁÖÅȟ 
ÃÏÎÖÅØȟ ÏÒ ÓÔÒÁÉÇÈÔ ÓÌÏÐÅÓȟ ÆÅÁÔÕÒÉÎÇ ÖÅÒÙ ÓÔÅÅÐ ÔÏ ÅÓÃÁÒÐ ÓÌÏÐÅÓȢ )ÔÓ ÏÒÉÇÉÎ ÉÓ ÒÅÌÁÔÅÄ ÔÏ ÉÎÔÅÎÓÅ 
ÆÁÕÌÔÉÎÇ ÐÒÏÃÅÓÓÅÓ ÉÎ ÉÇÎÅÏÕÓȟ ÍÅÔÁÍÏÒÐÈÉÃȟ ÁÎÄ ÓÅÄÉÍÅÎÔÁÒÙ ÒÏÃË ÍÁÓÓÅÓȢ )Î ÔÈÉÓ ÌÁÎÄÆÏÒÍȟ ÔÈÅ 
ÁÂÓÅÎÃÅ ÏÆ ÓÔÒÕÃÔÕÒÁÌ ÄÁÔÁ ÄÏÅÓ ÎÏÔ ÁÌÌÏ× ÅÓÔÁÂÌÉÓÈÉÎÇ ÁÎ ÁÓÓÏÃÉÁÔÉÏÎ ×ÉÔÈ ÁÎÙ ÓÔÒÕÃÔÕÒÅ ɉÁÎÔÉÃÌÉÎÅȟ 
ÓÙÎÃÌÉÎÅȟ ÈÏÍÏÃÌÉÎÁÌȟ ÍÏÎÏÃÌÉÎÅȟ ÁÍÏÎÇ ÏÔÈÅÒÓɊ 

3ÓÁÎ !ÎÔÉÃÌÉÎÁÌ ÒÉÄÇÅ %ÌÏÎÇÁÔÅÄ ÔÏÐÏÇÒÁÐÈÉÃ ÐÒÏÍÉÎÅÎÃÅ ×ÉÔÈ ÈÉÌÌÙ ÔÏ ÈÕÍÍÏÃËÙ ÍÏÒÐÈÏÌÏÇÙȟ ÆÅÁÔÕÒÉÎÇ ÓÈÁÒÐ ÏÒ 
ÒÏÕÎÄÅÄ ÐÅÁËÓ ÏÒ ÃÒÅÓÔÓȟ ÌÉÍÉÔÅÄ ÂÙ ÓÔÒÕÃÔÕÒÁÌ ÓÌÏÐÅÓ ÒÁÎÇÉÎÇ ÆÒÏÍ ÉÎÃÌÉÎÅÄ ÔÏ ÖÅÒÙ ÓÔÅÅÐȟ ÓÔÒÁÉÇÈÔ 
ÏÒ ÃÏÎÖÅØȟ ÁÎÄ ÏÆ ÌÏÎÇ ÌÅÎÇÔÈÓȢ 4ÈÅ ÁØÉÓ ÏÆ ÔÈÅ ÓÔÒÕÃÔÕÒÅ ÉÓ ÆÏÒÍÅÄ ÂÙ ÔÈÅ ÁÒÃÈÉÎÇ ÏÆ ÓÔÒÁÔÁ ÏÒ ÌÁÙÅÒÓ 
ÔÈÁÔ ÄÉÖÅÒÇÅ ÉÎ ÉÎÃÌÉÎÁÔÉÏÎȢ 

3ÓÈ (ÏÍÏÃÌÉÎÁÌ ÒÉÄÇÅ 3ÙÍÍÅÔÒÉÃ ÏÒ ÓÌÉÇÈÔÌÙ ÓÙÍÍÅÔÒÉÃ ÅÌÏÎÇÁÔÅÄ ÔÏÐÏÇÒÁÐÈÉÃ ÐÒÏÍÉÎÅÎÃÅ ×ÉÔÈ ÍÏÕÎÔÁÉÎÏÕÓ ÔÏ ÈÉÌÌÙ 
ÍÏÒÐÈÏÌÏÇÙȟ ÆÅÁÔÕÒÉÎÇ ÓÈÁÒÐ ÐÅÁËÓȟ ÄÅПÉÎÅÄ ÂÙ Á ÓÅÑÕÅÎÃÅ ÏÆ ÓÔÁÃËÅÄ ÁÎÄ ÉÎÃÌÉÎÅÄ ÓÔÒÁÔÁ ÏÒ ÌÁÙÅÒÓ 
ɉЄ συЈɊ ÉÎ ÔÈÅ ÓÁÍÅ ÄÉÒÅÃÔÉÏÎȢ 'ÅÎÅÒÁÌÌÙȟ ÉÔ ÉÓ ÔÈÅ ÒÅÓÕÌÔ ÏÆ ÔÈÅ ÄÅÖÅÌÏÐÍÅÎÔ ÏÒ ÅÒÏÓÉÏÎ ÏÆ Á ÓÉÎÇÌÅ 
ПÌÁÎË ÏÆ Á ÇÅÏÌÏÇÉÃÁÌ ÓÔÒÕÃÔÕÒÅ 

3ÓÈÌÃ #ÏÕÎÔÅÒȤÓÌÏÐÅ 
ПÌÁÎË ÏÆ Á 

ÈÏÍÏÃÌÉÎÁÌ ÒÉÄÇÅ 

-ÏÄÅÒÁÔÅ ÔÏ ÌÏÎÇ ÖÅÒÔÉÃÁÌ ÔÏ ÓÕÂÖÅÒÔÉÃÁÌ ÓÕÒÆÁÃÅȟ ÃÏÎÃÁÖÅ ÉÎ ÓÈÁÐÅȟ ÓÔÅÐÐÅÄȟ ÓÃÁÌÌÏÐÅÄȟ ÏÒ ÉÒÒÅÇÕÌÁÒȟ 
×ÉÔÈ Á ÓÔÅÅÐ ÔÏ ÅÓÃÁÒÐ ÓÌÏÐÅȟ ÇÅÎÅÒÁÔÅÄ ÂÙ ÓÔÒÁÔÁ ÁÒÒÁÎÇÅÄ ÁÇÁÉÎÓÔ ÔÈÅ ÓÌÏÐÅ ÏÆ ÔÈÅ ÔÅÒÒÁÉÎȟ ÒÅÌÁÔÅÄ 
ÔÏ Á ÈÏÍÏÃÌÉÎÁÌ ÓÔÒÕÃÔÕÒÅ 

3ÓÈÌÅ 3ÔÒÕÃÔÕÒÁÌ ÓÌÏÐÅ 
ÏÆ Á ÈÏÍÏÃÌÉÎÁÌ 

ÒÉÄÇÅ 

3ÕÒÆÁÃÅ ÄÅПÉÎÅÄ ÂÙ ÔÈÅ ÉÎÃÌÉÎÁÔÉÏÎ ÏÆ ÓÔÒÁÔÁ ÉÎ ÆÁÖÏÒ ÏÆ ÔÈÅ ÓÌÏÐÅȟ ×ÉÔÈ ÓÈÏÒÔ ÔÏ ÍÏÄÅÒÁÔÅÌÙ ÌÏÎÇ 
ÌÅÎÇÔÈȟ ÓÔÒÁÉÇÈÔ ÔÏ ÃÏÎÖÅØ ÆÏÒÍÓȟ ÁÎÄ ÓÔÅÅÐ ÔÏ ÖÅÒÙ ÓÔÅÅÐ ÓÌÏÐÅÓȟ ÒÅÌÁÔÅÄ ÔÏ Á ÈÏÍÏÃÌÉÎÁÌ ÓÔÒÕÃÔÕÒÅ 

3ÓÌÐ #ÏÍÐÒÅÓÓÉÖÅ 
ÒÉÄÇÅ ÁÎÄ 

ÐÒÅÓÓÕÒÅ ÒÉÄÇÅ 

2ÉÄÇÅ ×ÉÔÈ ÈÕÍÍÏÃËÙ ÔÏ ÅÌÏÎÇÁÔÅÄ ÔÏÐÏÇÒÁÐÈÉÃ ÐÒÏÍÉÎÅÎÃÅȟ ÌÏÃÁÌÌÙ ÃÕÒÖÅÄȟ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ 
ÃÏÍÐÒÅÓÓÉÖÅ ÚÏÎÅÓȢ )ÔÓ ÏÒÉÇÉÎ ÉÓ ÒÅÌÁÔÅÄ ÔÏ ÔÒÕÎÃÁÔÉÏÎ ÁÎÄ ÖÅÒÔÉÃÁÌ ÏÒ ÌÁÔÅÒÁÌ ÄÉÓÐÌÁÃÅÍÅÎÔ ÄÕÅ ÔÏ 
ÉÎÔÅÎÓÅ ÆÁÕÌÔÉÎÇ ÐÒÏÃÅÓÓÅÓ 

3ÓÓÌÃ #ÏÕÎÔÅÒȤÓÌÏÐÅ 
ПÌÁÎË ÏÆ Á 

ÓÙÎÃÌÉÎÁÌ ÒÉÄÇÅ 

3ÈÏÒÔ ÔÏ ÍÏÄÅÒÁÔÅÌÙ ÌÏÎÇ ÖÅÒÔÉÃÁÌ ÔÏ ÓÕÂÖÅÒÔÉÃÁÌ ÓÕÒÆÁÃÅȟ ×ÉÔÈ ÃÏÎÖÅØ ÔÏ ÉÒÒÅÇÕÌÁÒ ÓÔÅÐÐÅÄ ÓÈÁÐÅȟ 
ÆÅÁÔÕÒÉÎÇ Á ÓÔÅÅÐ ÔÏ ÅÓÃÁÒÐ ÓÌÏÐÅȟ ÇÅÎÅÒÁÔÅÄ ÂÙ ÓÔÒÁÔÁ ÁÒÒÁÎÇÅÄ ÁÇÁÉÎÓÔ ÔÈÅ ÓÌÏÐÅ ÏÆ ÔÈÅ ÔÅÒÒÁÉÎȟ 
ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ ПÌÁÎË ÏÆ Á ÓÙÎÃÌÉÎÁÌ ÓÔÒÕÃÔÕÒÅ 

3ÓÓÌÅ 3ÔÒÕÃÔÕÒÁÌ ÓÌÏÐÅ 
ÏÆ Á ÓÙÎÃÌÉÎÁÌ 
ÒÉÄÇÅ 

3ÕÒÆÁÃÅ ÄÅПÉÎÅÄ ÂÙ ÓÔÒÁÔÁ ÉÎÃÌÉÎÅÄ ÉÎ ÆÁÖÏÒ ÏÆ ÔÈÅ ÓÌÏÐÅ ÏÆ ÔÈÅ ÔÅÒÒÁÉÎȟ ×ÉÔÈ ÓÈÏÒÔ ÔÏ ÍÏÄÅÒÁÔÅÌÙ ÌÏÎÇ 
ÌÅÎÇÔÈȟ ÃÏÎÃÁÖÅ ÆÏÒÍȟ ÁÎÄ ÉÎÃÌÉÎÅÄ ÔÏ ÓÔÅÅÐ ÓÌÏÐÅÓȟ ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ ПÌÁÎË ÏÆ Á ÓÙÎÃÌÉÎÁÌ ÓÔÒÕÃÔÕÒÅ 
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4ÁÂÌÅ σȢ &ÌÕÖÉÁÌ ÌÁÎÄÆÏÒÍÓ ÉÎ ÔÈÅ 3ÔÕÄÙ ÁÒÅÁȢ -ÏÄÉПÉÅÄ ÆÒÏÍ 3ÅÒÖÉÃÉÏ 'ÅÏÌÏÇÉÃÏ #ÏÌÏÍÂÉÁÎÏ ÅÔ ÁÌȢȟ 

ɉςπρςɊ 

  !ÃÒÏÎÙÍ 5ÎÉÔ $ÅПÉÎÉÔÉÏÎ 
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&ÃÁ !ÌÌÕÖÉÁÌ ÃÈÁÎÎÅÌ )ÒÒÅÇÕÌÁÒÌÙ ÓÈÁÐÅÄ ÃÈÁÎÎÅÌ ÅØÃÁÖÁÔÅÄ ÂÙ ÔÈÅ ÅÒÏÓÉÏÎ ÏÆ ÐÅÒÅÎÎÉÁÌ ÏÒ ÓÅÁÓÏÎÁÌ ПÌÏ×Ó ×ÉÔÈÉÎ ÒÏÃËÙ 
ÍÁÓÓÅÓ ÁÎÄȾÏÒ ÁÌÌÕÖÉÁÌ ÓÅÄÉÍÅÎÔÓȢ $ÅÐÅÎÄÉÎÇ ÏÎ ÆÁÃÔÏÒÓ ÓÕÃÈ ÁÓ ÓÌÏÐÅȟ ÂÅÄÒÏÃË ÒÅÓÉÓÔÁÎÃÅȟ 
ÓÅÄÉÍÅÎÔ ÌÏÁÄȟ ÁÎÄ ПÌÏ×ȟ ÔÈÅÙ ÃÁÎ ÐÅÒÓÉÓÔ ÆÏÒ ÌÏÎÇ ÄÉÓÔÁÎÃÅÓȢ 3ÔÒÁÉÇÈÔ ÃÈÁÎÎÅÌÓ ÁÒÅ ÃÏÎПÉÎÅÄ ÔÏ 
ÎÁÒÒÏ× 6ȤÓÈÁÐÅÄ ÖÁÌÌÅÙÓȟ ÇÅÎÅÒÁÌÌÙ ÁÓÓÏÃÉÁÔÅÄ ×ÉÔÈ ÓÔÒÕÃÔÕÒÁÌ ÃÏÎÔÒÏÌ ÏÆ ÆÁÕÌÔÓ ÏÒ ÊÏÉÎÔÓȢ 4ÈÅÓÅ 
ÃÈÁÎÎÅÌÓȟ ×ÈÅÎ ÓÐÁÎÎÉÎÇ ÌÏÎÇ ÄÉÓÔÁÎÃÅÓȟ ÃÁÎ ÆÏÒÍ ÐÏÎÄÓ ÁÎÄ ÒÁÐÉÄÓȢ 7ÈÅÎ ÓÔÒÅÁÍÓ ПÌÏ× ÉÎ ÓÅÍÉȤ
ПÌÁÔ ÔÏ ПÌÁÔ ÁÒÅÁÓ ɉÁÌÌÕÖÉÁÌ ÐÌÁÉÎɊȟ ÃÈÁÎÎÅÌÓ ÁÒÅ ÍÅÁÎÄÅÒÉÎÇ ÏÒ ×ÁÎÄÅÒÉÎÇȟ ÁÓ Á ÒÅÓÕÌÔ ÏÆ ÓÕÄÄÅÎ 
ÃÈÁÎÇÅÓ ÉÎ ПÌÏ× ÄÉÒÅÃÔÉÏÎȢ $ÅÐÅÎÄÉÎÇ ÏÎ ÔÈÅ ÓÅÄÉÍÅÎÔ ÌÏÁÄȟ ÓÌÏÐÅȟ ÁÎÄ ПÌÏ×ȟ ÔÈÅÙ ÃÁÎ ÆÏÒÍ 
ÁÎÁÓÔÏÍÏÓÅÄȟ ÂÒÁÉÄÅÄȟ ÄÉÖÅÒÇÅÎÔȟ ÁÎÄ ÏÔÈÅÒ ÁÓÓÏÃÉÁÔÅÄ ÓÙÓÔÅÍÓȢ 

&ÐÉ &ÌÏÏÄÐÌÁÉÎ 3ÕÒÆÁÃÅ ×ÉÔÈ ПÌÁÔ ÔÏ ÌÏ× ÕÎÄÕÌÁÔÉÎÇ ÍÏÒÐÈÏÌÏÇÙȟ ÅÖÅÎÔÕÁÌÌÙ ÐÒÏÎÅ ÔÏ ПÌÏÏÄÉÎÇȢ )Ô ÉÓ ÌÏÃÁÔÅÄ 
ÂÏÒÄÅÒÉÎÇ ÒÉÖÅÒ ÃÈÁÎÎÅÌÓȟ ÌÏÃÁÌÌÙ ÌÉÍÉÔÅÄ ÂÙ ÔÅÒÒÁÃÅ ÓÃÁÒÐÓȢ )Ô ÉÎÃÌÕÄÅÓ ÍÉÎÏÒ ÒÉÖÅÒ ÐÌÁÉÎÓ ÉÎ ͻ5ͻ ÏÒ 
ͻ6ͻ ÓÈÁÐÅÓȟ ÁÓ ×ÅÌÌ ÁÓ ÍÉÎÏÒ ÃÏÌÌÕÖÉÁÌ ÃÏÎÅÓ ÏÎ ÔÈÅ ПÌÁÎËÓ ÏÆ ÉÎÔÒÁÍÏÎÔÁÎÅ ÖÁÌÌÅÙÓȢ )Î ÍÏÕÎÔÁÉÎÏÕÓ 
ÒÅÇÉÏÎÓȟ ×ÈÅÒÅ ÒÉÖÅÒ ÃÈÁÎÎÅÌÓ ÔÅÎÄ ÔÏ ÍÅÒÇÅ ×ÉÔÈ ÔÈÅÉÒ ÔÒÉÂÕÔÁÒÉÅÓ ÔÏ ÆÏÒÍ ÔÈÅ ÍÁÉÎ ÃÈÁÎÎÅÌȟ ÉÎ Á 
ÓÕÂȤÐÁÒÁÌÌÅÌ ÄÒÁÉÎÁÇÅ ÎÅÔ×ÏÒË ÏÆ ÍÅÄÉÕÍ ÄÅÎÓÉÔÙȟ ÔÈÅÙ ÁÐÐÅÁÒ ÁÓ ÎÁÒÒÏ×ȟ ÅÌÏÎÇÁÔÅÄȟ ÁÎÄ ÄÅÅÐ 
ÓÕÒÆÁÃÅÓȢ 

&ÔÁ !ÃÃÕÍÕÌÁÔÉÏÎ 
ÔÅÒÒÁÃÅ 

%ÌÏÎÇÁÔÅÄ ÓÕÒÆÁÃÅȟ ПÌÁÔ ÔÏ ÇÅÎÔÌÙ ÕÎÄÕÌÁÔÉÎÇȟ ÓÈÁÐÅÄ ÏÖÅÒ ÁÌÌÕÖÉÁÌ ÓÅÄÉÍÅÎÔÓȟ ÁÐÐÅÁÒÉÎÇ ÉÎ ÐÁÉÒÅÄ 
ÆÏÒÍȟ ÌÉÍÉÔÅÄ ÂÙ ÓÃÁÒÐÓ ÏÆ ÄÉÆÆÅÒÅÎÔ ÈÅÉÇÈÔÓ ÁÌÏÎÇ ÔÈÅ ÃÏÕÒÓÅ ÏÆ Á ÒÉÖÅÒȢ )ÔÓ ÏÒÉÇÉÎ ÉÓ ÒÅÌÁÔÅÄ ÔÏ 
ÐÒÏÃÅÓÓÅÓ ÏÆ ÅÒÏÓÉÏÎ ÁÎÄ ÁÌÌÕÖÉÁÌ ÁÃÃÕÍÕÌÁÔÉÏÎ ×ÉÔÈÉÎ ÁÎÃÉÅÎÔ ПÌÏÏÄÐÌÁÉÎÓȢ )ÔÓ ÆÏÒÍÁÔÉÏÎ ÉÎÃÌÕÄÅÓ 
ÐÈÁÓÅÓ ÏÆ ÁÃÃÕÍÕÌÁÔÉÏÎȟ ÉÎÃÉÓÉÏÎȟ ÁÎÄ ÖÅÒÔÉÃÁÌ ÅÒÏÓÉÏÎȢ 4ÈÅÓÅ ÔÅÒÒÁÃÅÓ ÃÁÎ ÂÅ ÐÁÒÔ ÏÆ ÍÅÁÎÄÅÒÉÎÇ 
ÓÔÒÁÉÇÈÔ ÃÈÁÎÎÅÌÓȢ 4ÈÅÉÒ ÄÅÐÏÓÉÔ ÃÏÎÓÉÓÔÓ ÏÆ ÇÒÁÖÅÌȟ ÓÁÎÄȟ ÓÉÌÔȟ ÁÎÄ ÃÌÁÙȟ ×ÉÔÈ Á ÄÅÃÒÅÁÓÅ ÉÎ ÓÉÚÅ ÁÓ 
ÏÎÅ ÍÏÖÅÓ Á×ÁÙ ÆÒÏÍ ÔÈÅ ÒÉÖÅÒ ÃÈÁÎÎÅÌȢ 

&ÔÁÅ %ÓÃÁÒÐÍÅÎÔ ÏÆ 
ÁÃÃÕÍÕÌÁÔÉÏÎ 
ÔÅÒÒÁÃÅ 

6ÅÒÔÉÃÁÌ ÔÏ ÓÕÂÖÅÒÔÉÃÁÌȟ ÓÔÅÐÐÅÄ ÐÌÁÎÅ ÅØÃÁÖÁÔÅÄ ÉÎ ÁÌÌÕÖÉÁÌ ÓÅÄÉÍÅÎÔÓ ÂÏÒÄÅÒÉÎÇ ÁÃÃÕÍÕÌÁÔÉÏÎ 
ÔÅÒÒÁÃÅÓȢ )ÔÓ ÏÒÉÇÉÎ ÉÓ ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ ÉÎÃÉÓÉÏÎ ÁÎÄ ÄÅÅÐÅÎÉÎÇ ÏÆ ÔÈÅ ÃÈÁÎÎÅÌȢ 4ÈÅ ÈÅÉÇÈÔ ÏÆ ÔÈÅ ÓÃÁÒÐÓ 
ÃÁÎ ÒÅÁÃÈ ÔÅÎÓ ÏÆ ÍÅÔÅÒÓȢ 

&ÔÂ 4ÉÌÔÅÄ ÔÅÒÒÁÃÅ &ÌÁÔ ÔÏ ÇÅÎÔÌÙ ÉÎÃÌÉÎÅÄ ÓÕÒÆÁÃÅȟ Á ÒÅÍÎÁÎÔ ÏÆ ÁÎ ÅÒÏÄÅÄȟ ÔÉÌÔÅÄȟ ÁÎÄȾÏÒ ÆÏÌÄÅÄ ÔÅÒÒÁÃÅȟ ×ÉÔÈ ÇÅÎÔÌÙ 
ÕÎÄÕÌÁÔÉÎÇ ÍÏÒÐÈÏÌÏÇÙ ÁÎÄ ÉÎÃÌÉÎÁÔÉÏÎÓ ÂÅÔ×ÅÅÎ υЈ ÔÏ ρπЈ ÉÎ ÔÈÅ ÕÐÐÅÒ ÐÁÒÔÓȟ ÌÉÍÉÔÅÄ ÂÙ ÓÃÁÒÐÓ ÏÆ 
ÖÁÒÙÉÎÇ ÈÅÉÇÈÔȢ )ÔÓ ÏÒÉÇÉÎ ÉÓ ÒÅÌÁÔÅÄ ÔÏ ÐÒÏÃÅÓÓÅÓ ÏÆ ÕÐÌÉÆÔ ÁÎÄ ÔÅÃÔÏÎÉÃ ÆÏÌÄÉÎÇ ÁÆÆÅÃÔÉÎÇ ÔÈÅ ÂÅÄÒÏÃËȢ 

&ÔÂÅ %ÓÃÁÒÐÍÅÎÔ ÏÆ 
ÔÉÌÔÅÄ ÔÅÒÒÁÃÅ 

6ÅÒÔÉÃÁÌ ÔÏ ÓÕÂÖÅÒÔÉÃÁÌ ÐÌÁÎÅ ÏÆ ÓÈÏÒÔ ÌÅÎÇÔÈÓȟ ÓÔÅÐÐÅÄȟ ÅØÃÁÖÁÔÅÄ ÉÎ ÁÌÌÕÖÉÁÌ ÓÅÄÉÍÅÎÔÓ ÂÏÒÄÅÒÉÎÇ 
ÔÉÌÔÅÄ ÁÃÃÕÍÕÌÁÔÉÏÎ ÔÅÒÒÁÃÅÓȢ )ÔÓ ÏÒÉÇÉÎ ÉÓ ÒÅÌÁÔÅÄ ÔÏ ÔÈÅ ÉÎÃÉÓÉÏÎ ÁÎÄ ÄÅÅÐÅÎÉÎÇ ÏÆ ÔÈÅ ÃÈÁÎÎÅÌ ÉÎ 
ÔÈÅÓÅ ÔÅÒÒÁÃÅÓȢ 4ÈÅ ÈÅÉÇÈÔ ÏÆ ÔÈÅ ÓÃÁÒÐÓ ÃÁÎ ÒÅÁÃÈ ÔÅÎÓ ÏÆ ÍÅÔÅÒÓȢ 

 

 

&ÉÇȢ ρσȢ -ÁÐ ÏÆ ,ÁÎÄÆÏÒÍÓ ÉÎ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ #ÁÑÕÅÚÁȢ -ÏÄÉПÉÅÄ ÆÒÏÍ 3ÅÒÖÉÃÉÏ 'ÅÏÌÏÇÉÃÏ 

#ÏÌÏÍÂÉÁÎÏ Ǫ 5ÎÉÖÅÒÓÉÄÁÄ 0ÅÄÁÇÏÇÉÃÁ Ù 4ÅÃÎÏÌÏÇÉÃÁ ÄÅ #ÏÌÏÍÂÉÁ ɉςπρψÁɊȢ 
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&ÉÇȢ ρτȢ -ÁÐ ÏÆ ,ÁÎÄÆÏÒÍÓ ÉÎ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ 1ÕÅÔÁÍÅȢ 3ÅÒÖÉÃÉÏ 'ÅÏÌÏÇÉÃÏ #ÏÌÏÍÂÉÁÎÏ Ǫ 

5ÎÉÖÅÒÓÉÄÁÄ 0ÅÄÁÇÏÇÉÃÁ Ù 4ÅÃÎÏÌÏÇÉÃÁ ÄÅ #ÏÌÏÍÂÉÁ ɉςπρψÂɊȢ 

 

&ÉÇȢ ρυȢ -ÁÐ ÏÆ ,ÁÎÄÆÏÒÍÓ ÉÎ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ 'ÕÁÙÁÂÅÔÁÌȢ 3ÅÒÖÉÃÉÏ 'ÅÏÌÏÇÉÃÏ #ÏÌÏÍÂÉÁÎÏ Ǫ 

5ÎÉÖÅÒÓÉÄÁÄ 0ÅÄÁÇÏÇÉÃÁ Ù 4ÅÃÎÏÌÏÇÉÃÁ ÄÅ #ÏÌÏÍÂÉÁ ɉςπρψÂɊȢ 
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&ÉÇȢ ρφȢ -ÁÐ ÏÆ ,ÁÎÄÆÏÒÍÓ ÉÎ ÔÈÅ -ÕÎÉÃÉÐÁÌÉÔÙ ÏÆ 6ÉÌÌÁÖÉÃÅÎÃÉÏȢ -ÏÄÉПÉÅÄ ÆÒÏÍ 3ÅÒÖÉÃÉÏ 'ÅÏÌÏÇÉÃÏ 

#ÏÌÏÍÂÉÁÎÏ Ǫ 5ÎÉÖÅÒÓÉÄÁÄ 0ÅÄÁÇÏÇÉÃÁ Ù 4ÅÃÎÏÌÏÇÉÃÁ ÄÅ #ÏÌÏÍÂÉÁ ɉςπρψÂɊȢ 

 

2.4. Historic landslides  
The Colombian Geological Service (SGC) has developed a digital platform that includes a huge 

catalog of mass wasting phenomena that have occurred in Colombia. This platform is known as 

the ȰSistema de información de Movimientos en Masaȱ (SIMMA). The database is subdivided by 

municipalities (the political subdivision of Colombian states). For each municipality, there is a 

multi -temporal inventory of landslides that have occurred in the last 70 years, indicating the 

type of movement, their location, the date, and additional information . The latest update of the 

available inventory shapefile was in 2020 (Servicio Geologico Colombiano, 2020). According to 

the inventory, 377 landslides were identified. Of these, 206 were located in the municipality of 

Caqueza, making it the municipality with the highest number of recorded landslides. (Table 4). 

Addition ally, according to the database, the most frequently type of landslide was slides, 

followed by falls (Table 4). The period with the highest quantity of landslides was between 

2015 and 2020 (Table 5). 

Another source of landslides event data is the National Unit of disaster Risk Management, or 

Unidad Nacional para la Gestión del Riesgo de Desastres (UNGR). This database includes 

information on mass movements that directly affect the population. While this database 

provides a description the situation, it does not contain specific information about the type of 

movement or the exact location with coordinates. Between 2017 and 2023, 42 emergency cases 

due to landslides was recorded in the study area (Table 3). The year with the most mass 

movements was 2011 and the municipality with the most frequent and consistent landslides 

between 2017 and 2023 was Quetame (Table 6).  
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According to news or public information there are certain areas along the highway that are 

highly susceptible or prone to landslide (RCN Radio, 2018). These areas are identified  by the 

number of kilometers between Bogota, from 0 to 86 in Villavicencio. The most well-known 

critical zones are located at 4 km, 26 km, 46 km, 51 km, 52 km, 55 km, 56 km, 58 km, 60 km, 62 
km, 63 km, 64 km, 65 km, 68 km, 70 km (RCN Radio, 2018) (Fig. 17).   

 

Table 4. Type of landslide on the study area from SIMMA database. 

Type Study Area Chipaque Caqueza Quetame Guayabetal Villavicencio 
Slide 138 18 50 45 13 12 
Fall 108 0 81 16 9 6 
Soil Creep 67 5 60 1 0 1 
Flow 52 5 15 12 11 8 
Topple 12 0 0 8 1 0 
TOTAL 377 28 206 82 34 27 

 

Table 5. Date of landslides from SIMMA database. 

Date (year) Study Area Chipaque Caqueza Quetame Guayabetal Villavicencio 
1960-2000 12 10 0 2 0 0 
2001-2005 9 0 0 9 0 0 
2006-2010 23 4 0 14 5 0 
2011-2015 49 3 31 8 7 0 
2016-2020 51 2 4 28 17 0 
No data 233 9 171 21 5 27 
TOTAL with 
data 

144 19 35 61 29 0 

 

4ÁÂÌÅ φȢ $ÁÔÅ ÏÆ ÌÁÎÄÓÌÉÄÅÓ ÆÒÏÍ 5.'2 ÄÁÔÁÂÁÓÅȢ 

Date UNGR Study 
Area 

Chipaque Caqueza Quetame Guayabetal Villavicencio 

2017 8 1 0 4 1 2 
2018 7 1 2 1 3 0 
2019 3 0 0 2 1 0 
2020 3 0 1 2 0 0 
2021 11 0 4 2 0 5 
2022 6 0 3 1 0 2 
2023 4 0 1 3 0 0 
TOTAL 42 2 11 15 5 9 
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&ÉÇȢ ρχȢ -ÁÐ ÏÆ ÍÁÓÓ ÍÏÖÅÍÅÎÔÓ ÆÒÏÍ 3)--! ÁÎÄ 5.'2 ÏÎ ÔÈÅ Ȱ6ÉÁ ÁÌ ,ÌÁÎÏȱ ÈÉÇÈ×ÁÙȢ 4ÈÅ ÎÕÍÂÅÒÓ 

ÏÖÅÒ ÔÈÅ ÒÏÁÄ ÉÎÄÉÃÁÔÅ ÔÈÅ ÒÅÓÐÅÃÔÉÖÅ ËÉÌÏÍÅÔÅÒ ÏÆ ÅÁÃÈ ÃÒÉÔÉÃÁÌ ÚÏÎÅȟ ÓÔÁÒÔÉÎÇ ÆÒÏÍ ËÉÌÏÍÅÔÅÒ π ÉÎ 

"ÏÇÏÔÁǲ ÁÎÄ ÅÎÄÉÎÇ ÁÔ ËÉÌÏÍÅÔÅÒ ψφ ÉÎ 6ÉÌÌÁÖÉÃÅÎÃÉÏȢ 

 

According to the historical inventory obtained by SIMMA and UNGR, a total of 419 landslides 

have been identified (Fig. 17). In the Chipaque area, the predominant landslides are "slides" 

that are located on the south side of the road near the urban area of Chipaque, and on the north 

ÓÉÄÅ ÎÅÁÒ ÔÏ !ÂÁÓÔÉÃÏÓȢ Ȱ&ÌÏ×Óȱ ÁÎÄ ͼÓÏÉÌ ÃÒÅÅÐͼ ÐÒÅÖÁÉÌ ÉÎ ÔÈÅ ÃÅÎÔÒÁÌ ÁÒÅÁ ÓÏÕÔÈ ÏÆ ÔÈÅ Òoad (Fig. 

18). Although areas at kilometer 4 and 26 have been identified as critical, no points from the 

inventory are observed in these areas. 

In the Cáqueza area, the largest number of landslides is found in the urban area, with a 

ÓÉÇÎÉÆÉÃÁÎÔ ÐÒÅÖÁÌÅÎÃÅ ÏÆ ͼÆÁÌÌͼ ÔÙÐÅ ÌÁÎÄÓÌÉÄÅÓȟ ÆÏÌÌÏ×ÅÄ ÂÙ ͼÓÏÉÌ ÃÒÅÅÐͼ ÁÎÄ ȰÆÌÏ×Óȱ ɉ&ÉÇ. 19). In 

the southern part of the area, specifically around Puente Quetame, "topples" have been 

recorded. In the rest of the area, especially in the central part and near the urban area of 

Cáqueza and El Tablon, "slides" have occurred (Fig. 19). The kilometer 26 near the urban area 

of Cáqueza is the only critical point on the road mentioned by the media. 

 



25 
 

In the Quetame area, numerous mass movements are observed on and near the road, mainly of 

the "slide" type (Fig. 20). In the urban area of Quetame, a wide variety of landslides are grouped, 

ÉÎÃÌÕÄÉÎÇ ȰÆÌÏ×Óȱȟ ͼÔÏÐÐÌÅÓȟͼ ÁÎÄ ͼÓÌÉÄÅÓͼȢ -ÏÓÔ ͼÆÁÌÌͼ ÔÙÐÅ ÌÁÎÄÓÌÉÄÅÓ ÁÒÅ ÆÏÕÎÄ ÉÎ ÈÉÇÈ ÁÎÄ 

remote areas from the road. Six critical points have been identified, with kilometer 58 being the 
most unstable since 2019, when a landslide completely covered the road (Fig. 20). 

In the Guayabetal area, "slide" is the type of mass movements predominate in the urban area 

(Fig. ςπɊȢ Ȱ&ÌÏ×Óȱ ÁÎÄ ͼÆÁÌÌÓͼ ÈÁÖÅ ÂÅÅÎ ÒÅÃÏÒÄÅÄ ÏÎ ÔÈÅ ÒÏÁÄȟ ×ÈÉÌÅ ͼÓÌÉÄÅÓͼ ÐÒÅÖÁÉÌ ÉÎ ÔÈÅ ÈÉÇÈ 

areas north of the road (Fig. 21). There are 6 critical areas of the road in this municipality, 

corresponding to kilometers 60, 62, 63, 64, 65, and 68. Kilometer 64 has been the most unstable 

since 2017, presenting "falls" and "slides" (Fig. 21). 

Finally, in the Villavicencio area, the old road to the Llano has been the most affected. 

Continuous mass movements from Servita to the Pipiral area have affected populations and 

transporters using this road (Fig. 22). The most prominent mass movement occurred in 2017 

on the road near the urban area of Servita. This can be easily observed in satellite images from 

2018 onwards. 

 

 

&ÉÇȢ ρψȢ -ÁÐ ÏÆ ÍÁÓÓ ÍÏÖÅÍÅÎÔ ÅÖÅÎÔÓ ÉÎ ÔÈÅ ÍÕÎÉÃÉÐÁÌÉÔÙ ÏÆ #ÈÉÐÁÑÕÅȟ ÏÂÔÁÉÎÅÄ ÆÒÏÍ 3)--! ÁÎÄ 

5.'2Ȣ 
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&ÉÇȢ ρωȢ -ÁÐ ÏÆ ÍÁÓÓ ÍÏÖÅÍÅÎÔ ÅÖÅÎÔÓ ÉÎ ÔÈÅ ÍÕÎÉÃÉÐÁÌÉÔÙ ÏÆ #ÁÑÕÅÚÁȟ ÏÂÔÁÉÎÅÄ ÆÒÏÍ 3)--! ÁÎÄ 

5.'2Ȣ 

 

 

&ÉÇȢ ςπȢ -ÁÐ ÏÆ ÍÁÓÓ ÍÏÖÅÍÅÎÔ ÅÖÅÎÔÓ ÉÎ ÔÈÅ ÍÕÎÉÃÉÐÁÌÉÔÙ ÏÆ 1ÕÅÔÁÍÅȟ ÏÂÔÁÉÎÅÄ ÆÒÏÍ 3)--! ÁÎÄ 

5.'2Ȣ 
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&ÉÇȢ ςρȢ -ÁÐ ÏÆ ÍÁÓÓ ÍÏÖÅÍÅÎÔ ÅÖÅÎÔÓ ÉÎ ÔÈÅ ÍÕÎÉÃÉÐÁÌÉÔÙ ÏÆ 'ÕÁÙÁÂÅÔÁÌȟ ÏÂÔÁÉÎÅÄ ÆÒÏÍ 3)--! ÁÎÄ 

5.'2Ȣ 

 

 

&ÉÇȢ ςςȢ -ÁÐ ÏÆ ÍÁÓÓ ÍÏÖÅÍÅÎÔ ÅÖÅÎÔÓ ÉÎ ÔÈÅ ÍÕÎÉÃÉÐÁÌÉÔÙ ÏÆ 6ÉÌÌÁÖÉÃÅÎÃÉÏȟ ÏÂÔÁÉÎÅÄ ÆÒÏÍ 3)--! ÁÎÄ 

5.'2Ȣ 
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2.5. Previous landslides susceptibility studies in the study area  
In the study area, various susceptibility and hazard studies for mass movements have been 

conducted through different methodologies. Published and publicly available works cover from 

the year 2010 to the present, addressing different challenges and yielding diverse results. 

Below, we will explore the nine most relevant works that have contributed to the advancement 
and development in the study area. 

The analysis carried out by INGEOMINAS and IDEAM in 2010 resulted in the publication of the 

national map of Relative Hazard for mass movements at a scale of 1:500,000. Within this study, 

the segment corresponding to the road to Llano covers sheets 5-09 and 5-14 (Fig. 23). In sheet 

5-09, which includes municipalities from Chipaque to Quetame, an orange shade indicates a 

"High" hazard of landslide (Fig. 23-A). Further along, between the areas of Quetame and 

Guayabetal, small areas with red shading are identified, indicating a "Very High" hazard of 

landslides (Fig. 23-A). Similarly, in sheet 5-14, encompassing the municipalities of Guayabetal 

and Villavicencio, the entire area shows a red shade, suggesting a "Very High" hazard (Fig. 23-

B). 

 

Fig. 23. Maps of Relative Hazard for mass movements, obtained from INGEOMINAS and IDEAM (2010). 

(A) Sheet 5-09, scale 1:500,000. (B) Sheet 5-14, scale 1:500,000. 
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In 2011, Sánchez and Urrego presented in their Civil Engineering thesis the hazard area in a 

section of the "Vía al Llano" highway, using rainfall intensity values and relying on a terrain 

susceptibility map (Fig. 24-C). The latter was obtained by them through a heuristic method that 

combines various terrain variables such as slope, deposit characteristics, land cover type, and 

distance to faults. As a result, two hazard maps for deep and shallow landslides were generated 

in the study area (Fig. 24-A and B), along with a terrain susceptibility map (Fig. 24-C). This study 

area covers the stretch between kilometers 50 and 63. 

 

Fig. 24. Maps of Hazard for landslides and Susceptibility terrain, obtained from Sanchez & Urrego 

(2011). (A) Hazard map of shallow landslides. (B) Hazard map of deep landslides. (C) Susceptibility 

Terrain Map. 

Ramírez (2012) carried out a compilation and analysis of geotechnical research conducted at 

the National University of Colombia. Among these investigations, two of 192 were distinguished 

because they focus on the area of the "Vía al Llano". The first, conducted by Rodríguez, (2001) 

is focuses on evaluating the stability of certain landslides located in the Municipality of Cáqueza 

along the "Vía al Llano". In this study, a probabilistic analysis was carried out to evaluate the 

resistance and seismic acceleration of each sector. Subsequently, Díaz (2002) conducts a hazard 

study of mass movements in the initial section of the "Vía al Llano" road. In this work, different 

types of landslides were identified, including landslides and rotational slides. It is noted that, in 

most of the slopes studied, there is a medium hazard of mass movements. The results of these 

investigations were not available on the web. 

Ruiz et al. (2018), carried out a study as part of the agreement between the "Servicio Geológico 

Colombiano (SGC)" and the "Instituto Geográfico Agustín Codazzi (IGAC)", resulting in the 

creation of a landslide hazard map at a scale of 1:25,000 in an area belonging to the municipality 

of Villavicencio (Fig. 25). Additionally, maps of surface geological units, geomorphological 

subunits, and land cover and land use were generated. To determine the zoning of landslide 

susceptibility, the bivariate method was employed, considering triggering variables such as 

rainfall and seismicity, along with other geo-environmental variables. This study identified 646 

landslides, with rotational slides and flows being the most predominant. Furthermore, a hazard 

map was generated for the area from Pipiral to Servita (old road of Via al Llano), providing 

valuable information for our study. This map belongs to sheet 266-II-A (Fig. 25). 
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Fig. 25. Landslide hazard map at a scale of 1:25,000, sheet 266-II-A, from SGC and IGAC (2018). 

Navarro et al. (2019) produced geological, geomorphological, and geological hazard maps at a 

scale of 1:100,000 for the ÁÆÆÅÃÔÅÄ ÁÒÅÁ ÁÒÏÕÎÄ ËÉÌÏÍÅÔÅÒ υψ ÏÎ ÔÈÅ Ȱ6ÉÁ ÁÌ ,ÌÁÎÏȱȢ 4ÈÉÓ ×ÁÓ ÄÏÎÅ 

to support decision-making processes of state entities facing this impact. They include 

information on seismicity, tectonic analysis of the area, landslide inventory available in SIMMA, 

as well as hydrodynamic modeling of the Rio Negro and maps of flash flood hazards in the Rio 

Negro River basins. In this work, they concluded that hazard maps for mass movements across 

the entire area had already been generated in 2016, and the area has a high level of 

susceptibility to landslides. Furthermore, it was identified that the slope at kilometer 58 is an 

old terrace with low cementation. They recommended to assess the causes leading to its 
destabilization, especially the increase in water or moisture within it.  

 

Fig. 26. (A) Landslide hazard map at a scale of 1:100,000, sheet 266. (B) Landslide Susceptibility map at 

a scale of 1:100,000, sheet 266. Taken from Navarro et al. (2019). 

 






























































































































































