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ABSTRACT 

Farming was introduced and thrived in the high desert of the four-corners region 

since ca. A.D. 500. As subsistence patterns shifted from hunting and gathering to a 

more sedentary lifestyle based on agriculture, access to reliable water sources became 

increasingly crucial. Utilizing ESRI’s ArcGIS Pro, a Geographical Information System 

(GIS), I look at the surface hydrology of an ancestral Pueblo community in southwest 

Colorado using Digital Elevation Models (DEMs), to calculate the path and velocity of 

the community’s watershed. Using higher resolutions DEMs which have become 

available from the United States Geological Survey (USGS), I calculate the watershed 

using DEMs derived from 30-meters, 10-meters, and 1-meter. 

The results are aiding researchers at Crow Canyon Archaeological Center to 

better understand ancestral inhabitants’ environments by providing models to aid in 

investigations to include stream flow, historic route changes, water control features, 

seep spring locations, and agriculture potential. The various DEMs are used to 

delineate a watershed under one hundred square kilometers, focusing on the Lakeview 

Community. The differing results display how the 30-meter resolution provides insight to 

prehistoric stream routes while detailed resolutions aid in the investigation of natural 

springs and the hydrologic impacts of historic irrigation projects. The results are part of 

a long-term environmental study to better understand how ancestral inhabitants used 

their terrain and resources and whether a community’s location intentionally sought to 

take advantage of local hydrology, arable soil, or other factors.  
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Indigenous communities with detailed maps of the surface hydrology providing water to 

their lands, they will have an additional tool to regain land rights.  
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Chapter 1 

Introduction 

The Lakeview Community 

The central Mesa Verde region stretches across southwestern Colorado and 

southeast Utah (Lipe et. al., 1999). This area is part of the northern San Juan River 

watershed encompassing the states of Utah, Colorado, Arizona, and New Mexico 

(Figure 1-1). The San Juan River basin has been the location of intense human activity 

beginning at least nine thousand years ago (Pitblado, 1998). 

 

Figure 1-1. Central Mesa Verde region within the San Juan River watershed, located in 
the states of Utah, Colorado, Arizona, and New Mexico. 
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Figure 2-2. Central Mesa Verde region with major drainages. 

 

Crow Canyon Archaeological Center (CCAC) has focused much of its research in 

the central Mesa Verde region. Crow Canyon's current research is focused on the 

Lakeview Community, on the northern periphery of the San Juan River basin (Figure 1-

2).  
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Figure 1-3. Location of the Lakeview Community study area in the central Mesa Verde 
region. 

 

The Lakeview Community includes four great houses (Figure 1-3); one at 

Wallace Ruin (5MT6970), one at Ida Jean Pueblo (5MT4126), and two at the Haynie 

site (5MT1905). Ida Jean Pueblo has a great kiva and Wallace Ruin has a possible 

reservoir. There are at least two dozen smaller habitation sites ranging in age from the 

late Basketmaker III period (A.D. 500-750) to the early Pueblo III period (A.D. 1150-

1300). Due to site sensitivity and cultural protection purposes, most Lakeview 

Community sites are excluded from this report (Ryan, 2016; Throgmorton et al, 2020).  



 

17 

 

Figure 1-4. Location of the Lakeview Community great houses. 

 
The Haynie site is a multi-component Pueblo community center which includes two 

Chaco-era great houses and multiple small houses. The study area is located on a 5-

acre preserve owned by The Archaeological Conservancy (TAC), and an easement 

managed by the La Plata Open Space Conservancy (Ryan, 2016; Throgmorton et. al., 

2020).  
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The Northern Chaco Outliers Project 

Crow Canyon’s research at the Haynie site is part of the Northern Chaco Outliers 

Project (NCOP), a multi-year research project that focuses on the Lakeview Community 

and how it fits into the Chacoan sphere of influence and interaction. The NCOP seeks to 

understand the human-environment relationships through time, community formation 

and dissolution, the role of public architecture, hierarchy, migration events, and the 

Community’s relationship to the Chaco regional system (Ryan, 2016). Looking at the 

surface hydrology of the Lakeview Community will help address specific research 

questions to better understand the relationship between humans and their environment. 

The Haynie site is a deeply stratified, multi-component Ancestral Puebloan 

community center that was inhabited for over four hundred years between ca. A.D. 800 

and 1200 (Ryan, 2016, Throgmorton et. al., 2020). Read more about the archaeology of 

the Lakeview Community by visiting sight reports or the Lakeview story map.   

 

Environmental Study 

The following research aims to look at the surface hydrology to help address the 

relationship between humans and their environment within the Lakeview Community as 

part of the Northern Chaco Outliers Project (NCOP).  

• Are northern Chacoan great house sites placed along flood plains located 

near a stream that provides the potential to create flow velocity? 

• Could these watersheds buffer ancestral inhabitants’ ability to withstand 

environmental crisis such as the 1130 - 1180 drought? 

• If so, how does the Lakeview community’s proximity to the flood plain 

influence the communities’ residents during this drought? 

https://www.crowcanyon.org/site-reports-database-list/
https://storymaps.arcgis.com/stories/ae0725263c004513a730e46fba982fbf
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• What is the stream velocity of Simon Draw and Cash Canyon? 

• Is there evidence of extensive spread-out fields or intensive clustered farming 

based on differing resolutions?  

• Does local hydrology and topography create unique horticulture 

opportunities? 

 

Environmental Setting 

The Lakeview Community is located on an open, fertile plain at the bottom of a 

sub-watershed fed by a narrow canyon system. This watershed lies west of the La Plata 

Mountains, east of Sleeping Ute Mountain, north of the Mesa Verde escarpment, and 

south of the Dolores River watershed. The landscape contains a riparian habitat, 

Pinyon-Juniper woodlands, sagebrush-greasewood, desertscrub, and grasslands which 

supports an abundant variety of wildlife (Lipe et. al.; 1999).  

 

Figure 1-5. Viewshed north to south from Haynie east great house. 

 

Figure 1-6. Viewshed south to north from Haynie east great house. 
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The biological and geological diversity of the Lakeview area provides an ideal 

environment to access water, provides plant resources that were gathered as food, 

construction materials, medicine, and fuel. Animal resources included large and small 

mammals (deer, elk, cottontail rabbits, jackrabbits, etc.) and migrating birds (Lipe et. al.; 

1999). Soils and an adequate frost-free season are suitable for sustaining maize 

agriculture (Ermigiotti, 2020). Ancestral Puebloans focused on both dryland farming in 

upland, deep loess soils and sand as well as floodwater farming on alluvial floodplains 

or fans (Bellorado, 2013). Given higher elevations provide groundwater recharge zones 

through precipitation and lower elevations are discharge zones (Zarzycka, 2020), I 

suspect that runoff from the Lakeview watershed was available to supplement 

floodwater agriculture, taking advantage of the community’s unique geographical 

location to harness ground water and sediment recharge within an ideal geographical 

location. Additionally, the Lakeview Community would have access to various gardening 

strategies made available by the local terrain, canyonlands and general placement on 

the landscape. 

The Lakeview Community is located on the Colorado Plateau where weather is 

dominated by cyclic shifts, creating a bi-seasonal precipitation pattern. Moist polar 

Pacific air is pulled down from the northwest during the winter months whereas warm, 

moist Tropical Gulf and Pacific air is pulled up from the south during the summer 

months (Vivian, 1990). This divides the total annual precipitation evenly in the central 

Mesa Verde region. However, winter snowpack tends to contribute more to ground 

moisture as summer monsoons typically produce runoff, retaining less groundwater. 
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From the Pueblo viewpoint, “a watershed is a whole cycle of water movement 

within our natural world that includes the skies, the clouds, the mountains, the hills, the 

surface waterways, and the ground-water beneath the surface-as well as humans, 

plants, and other creatures” (Swentzell, 2012). A Tesuque Pueblo man described “the 

interconnectedness of all waterways with the landscape and how daily visits are 

important to become intimate with understanding the region, the “rocks, animals, and 

plants…how the water flowed from the mountains and into the valleys…” (Swentzell, 

2012). 

 

Hydrology 

The United States Department of Agriculture and Universities Council on Water 

Resources report reviews the basic concepts of the hydrologic process describing the 

land unit, catchment, or basin; as the watershed (Edwards, 2015). The entire watershed 

catchment is further divided into Region, Subregion, Basin, Subbasin, Watershed, and 

Sub-watershed. Watersheds are identified numerically by hydrologic unit codes, or 

HUCs. The Lakeview Community sits in HUC 14080101, part of the upper San Juan 

River Basin in Colorado (USGS, 2021). 

Viewing a watershed as a cultural protection resource is a critical factor. Cultural 

protection resources are crucial for an Indigenous communities’ ability to protect their 

heritage, lands, communities, and to uphold ethical obligations surrounding 

environmental resources. The EPA discusses the watershed in holistic terms stating 

that “the gross structure of a watershed -- its headwaters area, side slopes, valley floor, 

and water body, as well as its soils, minerals, native plants, and animals -- are, in one 

sense, raw material for all the human activities that may potentially occur there. The 
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watershed's natural processes -- rainfall runoff, groundwater recharge, sediment 

transport, plant succession, and many others -- provide beneficial services when 

functioning properly but may cause disasters when misunderstood and disrupted” (US 

EPA Watershed Ecology).  

In the 1970’s, the Acoma Pueblo reclaimed their “water place, their watershed” in 

what is considered one of the greatest legal triumphs of Indigenous legal battles 

(Swentzell, 2012). The Pueblo view of a watershed, encompasses a much greater 

holistic definition of the landscape where “community and watershed are synonymous”, 

closer to John Wesley Powell’s view that “a watershed is that area of land, a bounded 

hydrologic system, within which all living things are inextricably linked by their common 

water course and where, as humans settle, simple logic demanded that they become 

part of a community” (Swentzell, 2012).  

The headwaters of a watershed are the highest elevations of a given watershed 

where surface flow and soil moisture first accumulate and provide recharge (Zarzycka, 

2020). The Lakeview Community study area headwaters extend north into a system of 

narrow canyons and flat-topped ridges until just south of Lost Canyon and the Dolores 

River (Figure 1-7). The area where precipitation falls and enters the watershed is the 

contributing source area. North of Lost Canyon, the terrain continues to rise in elevation 

toward the San Juan Mountains.  
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Figure 1-7. Looking north from the Haynie site. 

 
The mouth or confluence of a stream describes the outflow or point a stream or 

river merges with another body of water (USDA, 2015). In GIS, establishing an outlet, 

described as a pour point (Esri, 2020), is used to establish a precise coordinate location 

of outflow for modeling. I established the pour point for the study area is six kilometers 

southwest of the Haynie site along Simon Draw (Figure 2-1). Beyond the established 

pour point and southwest of the community, Simon Draw intersects with McElmo Creek. 

The Lakeview community lies in a region that is a snow-dominated precipitation 

system. While the region does experience summer monsoons, total annual rainfall 

contributions to streamflow are typically small. As a result, moisture throughout the 

region is dependent upon snowmelt from high-elevation snowpack (Figure 1-6) with 

small contributions from summer monsoon patterns (USDA, 2015; Vivian, 1990).  
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Figure 1-8. Snowpack within the contributing source area for the Lakeview watershed. 

 
Due to the community’s location on the windward side of the LaPlata Mountains, 

the effect of orographic lift occurs as air currents rise when they encounter the mountain 

range, resulting in a rapid cooling of the air mass. Since less moisture is maintained by 

cooler air, clouds are produced, resulting in precipitation and thus, more moisture on the 

windward side (Edward, 2015) of the LaPlata’s, where the Lakeview Community sits. In 

the Pueblo world, “There are shrines at these watery places of origin. Generally, there 

are four major shrines located in the far mountains surrounding any village…shrines 

located in the close foot hills” and “around the outer limits of the physical village…the 

clouds and rain from the sky, in combination with these horizontal concentric circles 

around place, define a world sphere, a three-dimensional watershed, within which a 

whole community of plants and animals, including humans, can exist in an 

interdependent and healthy way” (Swentzell, 2012). 
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Precipitation, evaporation, transpiration, soil water, ground water, and the local 

environment all affect streamflow. Micropores within the soil hold moisture whereas 

larger mesopores and macropores allow gravity to transmit moisture providing 

groundwater recharge, which in turn can help streams flow without current precipitation 

through baseflow, as the water table intersects with the bed of the stream. Precipitation 

events can cause streamflow (stormflow), most of which makes its way to the stream 

primarily through subsurface flow using macropores and mesopores. However, direct 

precipitation falling into a stream account for less than 10 percent of total stormflow 

where soils that are shallow and closest to the stream contribute most directly to the 

stormflow (USDA, 2015). Alluvial and eolian soils and additional distinctive and diverse 

soils exist surrounding the Lakeview Community (Zarzycka, 2020), where rock outcrops 

are prominent in the canyons upstream. 

The USDA describes baseflow as critical when distinguishing between the three 

types of stream channels; perennial having year-round baseflow fed by groundwater 

and intermittent streams only having surface flow 5 to 9 months of the year due to 

seasonal aquifers; when precipitation is high, evapotranspiration is low, or a 

combination of the two. The final stream types are ephemeral stream beds, which sit 

above the water table resulting in streamflow only being present during or immediately 

after a storm. Simon Draw is a perennial stream bed while the canyons upstream have 

intermittent perennial reaches and ephemeral beds. Modern agriculture undoubtedly 

adds to the groundwater immediately surrounding the Lakeview Community but 

determining how much influence this has is difficult. Upstream, significantly less 

agriculture exits due to the natural terrain of the canyons. 
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Figure 1-9. Cash Canyon tributary stream flow during summer monsoon precipitation 

event. 

 

Ephemeral channels vary in how quickly they flow depending on the soil 

saturation. Additionally, frequency of stormflow and extent of flow length depends on 

soil thickness, connectivity of soil mesopores and macropores nearest the stream and 

the permeability of geologic layers. The terrain surrounding the Lakeview community is 

composed of thicker soil layers whereas moving up the canyon systems, the exposed 

bedrock transmits groundwater to the streambed surface. This can result in a perennial 

reach existing at times within a longer intermittent reach. When bedrock is close to the 

surface soil, knowledge of the stream plays a significant role in understanding what 

patterns of channel reaches are possible (USDA, 2015). In the Pueblo view, “water and 

place are also inseparable. Where water emerges from the ground is of great 

significance…they are symbolic openings for the emergence of all life because 

sometimes there is no visible water source” (Swentzell, 2012). 
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Evaporation and transpiration represent when moisture returns to gas. 

Evapotranspiration is the combined process of evaporation and transpiration and is 

determined by precipitation, temperature, aspect, wind, and humidity. Canopy structure 

depends on the species found within a forest, which has a considerable influence on 

interception, the precipitation caught by the forest canopy, and the amount of 

precipitation that reaches the ground. Because of the less dense nature (Figure 1-10) of 

the Lakeview watersheds landcover, the environment provides for more stemflow and 

throughflow moisture reaching the ground, resulting in less interception loss and 

sublimation, when rain, snow or ice evaporates before reaching the ground (USDA, 

2015). 

Looking back to the Pueblo world view, this includes “the cycle of life…from 

underground water sources, to surface water places, and into the clouds in the sky. 

Healing for humans happens when we are part of that cycle. Water is collected from all 

those water places for healing ceremonies. Rivers, as well, are places of cleansing and 

healing ceremonies because the water is moving and the energy is fresh. Spring, lake, 

and river waters are brought into the living human community as connective blessing 

from the larger region, the larger water place where our ancestor dwell” (Swentzell, 

2012).  
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Figure 1-10. Pinyon-Juniper woodlands above Cash Canyon looking southwest. 

 

Landscape Practices, Water Control Systems and Farming  

In southwest Colorado, researchers infer a multi-component sequence of 

occupation based on the material record excavated at the Lakeview Community, 

demonstrating a temporal preference for the site’s location (Throgmorton, 2020). As 

discussed by Michael Harrower, “spatial distribution of precipitation and water flow have 

been identified as factors important to the movements of foragers, the settlement 

choices of agriculturalists, and the food producing economies of ancient states” 

(Harrower, 2009).  

The Pueblo people have been agriculturalists since the Neolithic Revolution 

introduced Maize to the American southwest about 4,000 years ago from Mexico, after 

being domesticated by Mesoamericans from its wild ancestor, teosinte (Ermigiotti et. al, 

2020). Early Pueblo farmers had to develop new techniques of farming to adapt as 
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farmers on the cooler Colorado Plateau. Modern Pueblo people practice both direct 

precipitation farming as well as floodwater farming, utilizing techniques that understand 

their natural surroundings, typically planting clumps of seeds deeply to access ground 

water with adequate spacing for each crop (Ermigiotti et. Al, 2020; NPS, 2021). In the 

central Mesa Verde region, research has been demonstrated that alluvial fan focused 

maize production was adapted to the precise conditions of the environment (Bellorado, 

2013), similar conditions which exist surrounding the Lakeview Community.  

As a result of a farming lifestyle become the prevalent form of subsistence, the 

importance of water became even more paramount in the ancestral Puebloan world 

view, as with all early agricultural societies. Describing how water was managed 

through mountains, hills and valleys, a Tesuque Pueblo man stated, “Our ancestors 

manipulated the landscape by placing rock [grid] structures for the harvesting of 

precipitation from the mountains all the way down to the bottomlands. These structures 

manipulated the landscape so that the land was used as a sponge, allowing moisture to 

reach the deep-rooted vegetation, and recharging the aquifers. Our ancestors managed 

the surface water into the groundwater” (Swentzell, 2012).  

In a study of the Oaxaca Valley of Mexico, it was determined that within any 

physiographic zone, soil texture and slope were less critical factors than water for 

increased production (Vivian, 1990). Vivian postulates that “because of hydrologic 

conditions in the San Juan basin, achieving crop water needs became a matter of 

making more efficient use of floodwater. Floodwater farming in its simplest forms 

employs techniques that merge with those of dry farming (Kirkby, 1973), and most early 

systems in the Basin were of this type” (Vivian, 1990). 
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Harrower discussed the importance of small-scale systems to divert water from a 

combination of springs, hillslopes, or captured soil and water in terraces to the 

development of crop agriculture, all of which are conditions that are present surrounding 

the Lakeview Community. Results from Harrower’s modeling demonstrated that 

diversion channels were built in low flowing areas whereas check dams were 

constructed in moderately high flowing areas. He also demonstrated how early farmers 

preferred to target lower-energy flowing areas to avoid flashfloods that could wipe out 

their crops (Harrower, 2009). The Haynie site is in a low-energy flowing area with the 

potential to support diversion channels given a large enough precipitation event, with 

adequate ground water demonstrated by PAW data (Zarzycka, 2020), and vast canyon 

systems available upstream for the construction of check dams. 

Vivian conjectures that in the least complex systems, crops were planted near 

intermittent stream channels near the maximum extent of flooding to achieve as much 

soil moisture as possible without flooding the crops. Simple systems used stones and 

brush barriers to slow the flow rate of water, thus reducing erosion and spreading water 

out among the crops. More complex systems utilized ditches and canals to irrigate 

crops, but these systems often initiate downcutting of stream beds (Vivian, 1990).  

Evidence exists of water control systems on the Colorado Plataea during the 

1000s. A potential diamond-shaped reservoir exists at the Wallace site that would have 

held water during the wet season. The depression indicates a shallow water table with 

rush and reed vegetation (Fadem, 2019).  

On Mesa Verde there is evidence of water control systems for both agriculture 

and domestic use in the form of check damns to preserve moisture and conserve soil, 



 

31 

masonry lined tanks to collect water below cliff edges, and reservoirs with water 

diversion systems. Farview Reservoir on the Mesa Verde, twenty kilometers south of 

the Lakeview Community, diverted water from ten hectares into ditches which fed into a 

gathering basin before entering the main masonry lined reservoir (Vivian, 1990). 

Less than 80 kilometers southeast of the Haynie site along the Animas River lies 

the great house community at Aztec National Monument. Archeologist Earl H. Morris 

began excavations in the early part of the twentieth century finding evidence of irrigation 

canals fed by the Animas River 3 miles above Aztec, supported by early settler 

accounts of ancient irrigation ditches (NPS, 2021).  

Gwinn Vivian demonstrated how various forms of agriculture were deployed at 

Chaco Canyon, 160 kilometers south of the Lakeview Community. He discusses how 

runoff was captured and channeled taking advantage of direct rainfall and how side 

canyons produced crops using Akchin type gardens. Vivian discusses ancient canal and 

water control systems near Pueblo Bonito, a means for partially offsetting unpredictable 

rainfall (Vivian, 1990). Bellorado further demonstrates how it can be surmised that 

dryland famers in upland locations were more susceptible to changing climatic 

conditions than floodwater farmers in alluvial fans (Bellorado, 2013).  

I suspect that delineating the watershed at differing resolutions will assist in 

understanding the community’s placement on the landscape. These results may help to 

reveal where the most favorable conditions may have existed around the Lakeview 

Community to control water and sediment runoff, best places to plant crops avoiding 

wash out, and the best places to take advantage of groundwater and soil moisture. 

Given the complex histories of agriculture, water management, and environmental 
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knowledge across the San Juan region and Pueblo world, it is likely that the Lakeview 

Community’s inhabitants were aware of the various techniques available, and it is 

plausible that the residents practiced a mixture of these techniques to ensure 

survivability. More importantly, given the Lakeview Community’s geographical 

placement on the landscape, I suspect the residents had the opportunity to employ 

multiple forms of agriculture to offset years of drought. 
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CHAPTER 2 

Methods for Hydrological Modeling 

Study Area 

The study area aims to define the watershed boundaries, stream network and the 

stream velocity of the Lakeview Community encompassing Simon Draw and Cash 

Canyon drainages located just south of Lost Canyon and the Dolores River, and north 

of McElmo Creek and the Mesa Verde escarpment. I have established the pour point 

(Figure 2-1) six kilometers southwest of the Wallace site for the Lakeview watershed 

delineation (Figure 4).  

 
 

Figure 2-1. Pour point establishing an outlet for the drainage. 
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Geospatial Research 

Geospatial research of the study area will delineate the watershed using three 

DEM resolutions. The first will use a 1-arc second resolution where each pixel covers a 

30-x-30-meter area of the earth’s surface. This resolution will provide a coarse look at 

the watershed, and I suspect it will provide the best model for what the prehistoric 

environmental slope conditions resembled prior to twentieth century canal manipulation.  

The second analysis will utilize a 1/3-arc second resolution where each pixel 

covers a 10-x-10-meter area of the earth’s surface. The results will uncover a more 

detailed resolution of the watershed and may delineate historic rerouting of the stream, 

showing variances from pre-historic stream routes. 

The final delineation will utilize a 1-x-1-meter resolution of the earth’s surface. 

This will be the finest rendering of the watershed and I suspect that it will delineate the 

current re-routed water course, including extensive historic rerouting, smaller tributaries, 

and seep spring locations. 

The three DEMs will provide varying resolutions of the watershed, slope percent 

rise and stream velocity fields. Each will aid in the investigation of the Lakeview 

Community by looking at pre-historic stream route potential, historical irrigation project 

impacts and how development has affected the movement of water across the 

landscape. Further, the results will help better understand the community’s placement 

within the watershed and how that could impact agriculture production and hydrologic 

use of the landscape. 

 

 



 

35 

Data 

Digital Elevation Model datasets were obtained from the United States 

Geological Survey (USGS) in resolutions of 30-meters, 10-meters, and 1-meter.  

Table 2-1. Southwest Colorado 30-meter Digital Elevation Model.  
Official name of data set USGS 1 arc-second n28w109 1 x 1 degree 
Year of publication and/or last 
update 

2017 

Author and/or owner United States Geological Survey (USGS) 
URL or FTP address of the 
repository 

https://apps.nationalmap.gov/downloader/#/ 

Description Digital Elevation Model (DEM). Spatial representation 
of terrain elevation data. 

Coordinate system North American Datum of 1983 (NAVD 83) 
Projection system 1 arc-second DEMs are not projected 
Spatial resolution 1 arc-second (~30-Meters) 
  

 
Table 2-2. Southwest Colorado 10-meter Digital Elevation Model.  

Official name of data set USGS 1/3 arc-second n28w109 1 x 1 degree 
Year of publication and/or last 
update 

2017 

Author and/or owner United States Geological Survey (USGS) 
URL or FTP address of the 
repository 

https://apps.nationalmap.gov/downloader/#/ 

Description Digital Elevation Model (DEM). Spatial representation 
of terrain elevation data. 

Coordinate system North American Datum of 1983 (NAVD 83) 
Projection system 1/3 arc-second DEMs are not projected 
Spatial resolution 1/3 arc-second (~10-Meters) 

 
Table 2-3. Southwest Colorado 1-meter Digital Elevation Model.  

Official name of data set USGS 1 Meter CO Southwest NRCS 
Year of publication and/or last 
update 

2021 

Author and/or owner United States Geological Survey (USGS) 
URL or FTP address of the 
repository 

https://apps.nationalmap.gov/downloader/#/ 

Description Digital Elevation Model (DEM). Spatial representation 
of terrain elevation data. 

Coordinate system North American Datum of 1983 (NAVD 83) 
Projection system Universal Transverse Mercator (UTM) 
Spatial resolution 1-Meter 

 

https://apps.nationalmap.gov/downloader/#/
https://apps.nationalmap.gov/downloader/#/
https://apps.nationalmap.gov/downloader/#/
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Watershed Delineation Workflow Steps 

ArcGIS Pro has a set of geoprocessing tools which can take open-source Digital 

Elevation Model data obtained through the USGS, prepare the data, and delineate a 

watershed in a series of steps. The following workflow (Figure 2-2) displays the tools, 

methods, and order in which to employ each tool to delineate a watershed using ESRI’s 

ArcGIS Pro. 

 
 

Figure 2-2. Watershed delineation workflow in ESRI ArcGIS Model Builder. 
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Prepare DEM (Digital Elevation Model) Data   
1. Mosaic-To-New Raster Tool to combine multiple DEM files into a single raster. 
2. Extract-by-Mask Tool to “clip” DEM of study area using study area polygon. 

Precondition the Elevation Model 
3. Flow Direction Tool created layer corresponding to the direction water is most 

likely to flow. 
4. Sink Tool identified sinks in DEM, low points where water can no longer flow. 
5. Fill Tool created new DEM; sinks removed; elevation value updated to lowest 

neighbor cell. 
Delineate Lakeview Watershed 

6. Flow Direction Tool created intermediary layer for determining watershed area.  
7. Snap Tool determined precise outlet of stream as rendered in DEM for accurate 

watershed. 
8. Watershed Tool used flow direction and outlet layers to determine area upstream 

of the outlet. 
Create Velocity Field 

9. Slope Tool utilized percent rise measurement option to calculate slope as 
percentage of vertical elevation over horizontal elevation. (Opposed to a 
measurement in degrees) Planar method appropriate on local scale areas (slope 
differences between planar and geodesic minimal). 

10. Raster Calculator calculated slope-area term 
a. SquareRoot ("Lakeview Slope") * SquareRoot ("Lakeview Flow 

Accumulation") 
b. Using the recommended coefficients (b = c = 0.5) of Maidment et al. A 

coefficient of 0.5 is equivalent to the square root of the value. 
c. Masked or “clipped” using the Lakeview watershed layer. 

11. Raster Calculator Tool Calculated the Velocity Field using the following equation: 
V = Vm * (sbAc) / (sbAcm)  

where: 
Vm = average velocity of all cells in watershed (Used assumed average 
value of Vm = 0.1, recommended by Maidment et al.)  
sbAc = average slope-area term across watershed. Because slope-area 
term has been calculated, exact average can be determined rather than 
relying on an assumed value. 

0.1 * ("Stowe_slope_area_term" / [Mean slope-area term]) 
0.1 * ("Stowe_slope_area_term" / 9.26485413772727) 

12. Con Tool utilized a conditional statement to limit the velocity where the input 
raster is true if it is greater than or equal to 0.02 or less than or equal to 2. 
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Prepare Lakeview DEM (Digital Elevation Model) Data 

If working with multiple DEMs as separate features, they will not map properly as 

their ranges are not equal. They must first be merged into a single raster using the 

Mosaic to New Raster tool in ArcGIS. After obtaining the DEM, the Mosaic-to-New-

Raster tool was utilized to combine multiple DEMs to ensure the ranges of each DEM 

are equal (Figures 2-3). 

   

Figures 2-3. Merged Digital Elevation Models (DEMs) using Mosaic-to-New-Raster tool. 

 
Precondition the Lakeview Elevation Model 

The Flow Direction Tool is executed next to determine the flow direction of each 

cell. This tool creates a layer indicating the direction in which water will flow into and out 

of each cell in the raster. The symbology flow direction layer (Figure 2-4) derived from 
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the DEM corresponds to the direction water will flow with darker colors showing a 

southerly flow and lighter colors indicating a northerly flow.  

 

Figure 2-4. Flow Direction tool showing the direction water will flow with darker colors 
representing a southerly flow and lighter colors indicating a northerly flow. 

 
The Sink Tool identifies areas of internal drainage (sinks) using the flow direction 

layer (Figure 2-5). The symbology can be changed to a yellow-red color scheme to 

easily view the identified sinks (Esri, 2020). This layer was examined and juxtaposed to 

the knowledge of the landscape to ensure sinks identified in the dataset to be filled were 

correct and will not cause an erroneous flow direction output. The landscape 

surrounding the Lakeview Community consists of canals, irrigation ponds and other 
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modern projects that redirect the flow of water and add fabricated low points that can be 

detected by the DEM. A thorough understanding of the landscape is critical to 

differentiate these features from natural features (Esri, 2020).  

 

Figure 2-5. Sink tool results, identifying areas of internal drainage. 

 
The Fill Tool identifies the sinks in the DEM to be removed, and a new DEM is 

created (Figure 2-6). All sinks are changed to have the elevation value of the lowest cell 

beside it, creating a continuous path of decreasing cells to the edge of the dataset, 

allowing for an accurate hydrological analysis (Esri, 2020).  
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Figure 2-6. Fill tool creates a new DEM with filled sinks. 

 
Delineate the Lakeview Watershed 

After the sinks are removed from the DEM, the watershed can be determined. 

Because watersheds represent the area in which all flowing water will be directed 

toward a single outlet, determining a watershed requires a flow direction raster and an 

accurate outlet point (Esri, 2020). The Flow Direction Tool is executed to create an 

intermediary layer for determining the watershed (Figure 2-7). The sinks were filled and 

the new values in the raster have the normal eight integers surrounding the cells, the 
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resulting output raster is color coded to a unique color for each value in the cell (Esri, 

2020). 

 

Figure 2-7. Flow Direction tool creates a new raster to determine the watershed based 
on the flow of water through each cell. 

 
 

The next step involves snapping the pour point to the stream. The outlet must be 

located precisely on the stream as rendered in the DEM for the watershed to delineate 

accurately. Using the Measure Distance Tool, the distance between the cell determined 

by the DEM is measured to the stream location (Figure 2-8) as represented in the flow 

accumulation raster. 
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This distance is used to snap the pour point (outlet), so it lines up precisely. The 

Snap Pour Point Tool automatically snaped a point feature to the cell of highest flow 

accumulation in Simon Draw specified by the distance using the measuring tool. The 

new raster displays a single cell (Figure 2-9) that represents the outlet’s new location. 

Now the watershed upstream of the outlet can be delineated (Esri, 2020). 

   

 

 

 

Figure 2.8.  The Measure Distance tool is used to measure from the pour point to the 
stream as delineated by the DEM and snaps the pour point precisely to the 

stream’s location. 

 

The Watershed Tool is used next to determine the watershed area upstream of 

the outlet and to create a raster layer indicating where water is likely to accumulate 

(Figure 2-10), which is expressed as a numeric value based on the number of cells that 

flow into a single cell (Esri, 2020).  
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Figure 2-10. Watershed tool creates a new raster indicating where water is likely to 
accumulate. 
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Create Lakeview Velocity Field 

The Slope Tool utilizes the Lakeview DEM and the percent rise measurement 

option to calculate slope as a percentage of vertical elevation over horizontal elevation, 

to create the slope raster (Figure 2-11).  

 
 

Figure 2-11. Slope tool renders darker colors representative of steeper slopes. 

 
The Raster Calculator Tool was used next to determine how fast water flows, by 

creating a velocity field as a raster layer. The velocity field used is spatially variant and 

time and discharge invariant. The model assumes that velocity is affected by spatial 

components such as slope and flow accumulation, but velocity at a given location does 

not change over time, and velocity at a given location does not depend on the location’s 
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rate of water flow. While, velocity and time is a discharge variant, for a GIS 

environment, using time and discharge invariant velocity fields provide an accurate 

result (Esri, 2020).  

The Raster Calculator calculates slope-area term (Figure 2-12) as: 

a. SquareRoot ("Lakeview Slope") * SquareRoot ("Lakeview Flow 
Accumulation") 

b. Using the recommended coefficients (b = c = 0.5) (Maidment et al.) A 
coefficient of 0.5 is equivalent to the square root of the value. 

c. Masked or “clipped” using the Lakeview watershed layer. 
 

 
 

Figure 2-12. Raster Calculator tool calculates the slope area. 
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The Raster Calculator Tool was used again to calculate the unlimited velocity 

field (Figure 2-13) using the following equation recommended (Maidment et al:). 

V = Vm * (sbAc) / (sbAcm)  
where: 
Vm = average velocity of all cells in watershed (Used assumed average 
value of Vm = 0.1, recommended by Maidment et al.)  
sbAc = average slope-area term across watershed. Because slope-area 
term has been calculated, exact average can be determined rather than 
relying on an assumed value. 

0.1 * ("Stowe_slope_area_term" / [Mean slope-area term]) 
0.1 * ("Stowe_slope_area_term" / 9.26485413772727) 

 

 
 

Figure 2-13. Raster Calculator tool calculates unlimited velocity. 
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Lastly, the Con Tool and a conditional statement limits the velocity of the stream 

network. The first conditional statement specifies the input raster as true if it is greater 

than or equal to 0.02, limiting the lower velocity output at 0.02 meters per second 

(Figure 2-14). 

 
 

Figure 2-14. Raster Calculator tool calculates velocity lower limit. 
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The second conditional statement using the Con tool specifies the input raster as 

true if it is less than or equal to 2 (Figure 2-15). The results display the watershed 

velocity of the stream network for the Lakeview Community with a lower limit of 0.02 

meters per second and an upper limit of two meters per second, an average range of 

values which represent minimal impact to flood velocity (Esri, 2921). 

 
 

Figure 2-15. Raster Calculator tool calculates velocity limit. 
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CHAPTER 3 

Results 

 
30-meter DEM 

The Lakeview community lies just south of the confluence of Cash Canyon and 

Simon Draw. The watershed contains five main tributaries above the Lakeview 

Community and a sixth that joins just below the community. Simon Draw continues 

southwest until its confluence with McElmo Creek. The northern extent of the watershed 

is the divide with Lost Canyon, which flows into the Dolores River (Figure 3-1).  

 

Figure 3-1. Lakeview Community watershed delineated from 30-meter DEM. 
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Lakeview Watershed Velocity and Accumulation 

ArcGIS designates two meters per second (ESRI, 2022) as the flow rate which 

can create flood potential. The flow velocity surrounding the Lakeview Community 

contains the potential to accumulate a flow rate of at least two meters per second 

(Figure 3-2). Results demonstrate that the contributing source area for the watershed 

encompasses an area over forty square kilometers. The stream is at maximum flow 

velocity while transecting the Lakeview Community along the open, fertile plain. 

 

Figure 3-2. Lakeview Community stream velocity. 
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The 30-meter DEM watershed delineation shows the stream turning south, east 

of the present course (Figure 3-3). A visual inspection of the terrain makes it apparent 

that the lowest elevation and natural course flows through the path delineated by the 

30-meter resolution.  

 

 

Figure 3-3. Lakeview Community velocity delineated from 30-meter DEM. 
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10-meter DEM 

The 10-meter DEM watershed delineation shows the stream following the 

present-day course (Figure 3-4). The 10-meter delineation captures a larger contributing 

source area in the higher elevations of Summit Ridge, due to modern canals connecting 

the watershed to several reservoirs. The northern periphery of the Lakeview watershed 

marks the divide between the Dolores River watershed and the McElmo Creek 

watershed. Making the Lakeview Community a unique sub watershed that marks the 

divide between the sub-basins of the Colorado River and San Juan River watersheds, 

respectively. 

 

 
 

Figure 3-4. Lakeview Community velocity delineated from 10-meter DEM. 



 

54 

A closer inspection of the stream route immediately surrounding the Lakeview 

Community further reveals modern manipulation of the water course (Figure 3-5). A 

visual inspection of the 10-meter delineation against satellite imagery shows the finer 

resolution DEM renders modern rerouting of the stream course in a narrow and straight 

line to the south. The rerouted portion of Simon Draw then intersects with the prehistoric 

route of Simon Draw south of the Wallace site. 

 

 
 

Figure 3-5. Lakeview Community velocity delineated from 10-meter DEM. 
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1-meter DEM 

Results from the 1-meter DEM watershed delineation reveal comparable results 

of the mainstream routes as the 10-meter delineation (Figure 3-6). Both the 10-meter 

and 1-meter delineation capture a larger contributing source area in the northeast 

portion of the watershed, due to modern irrigation canals and reservoirs. 

 

 
 

Figure 3-6. Lakeview Community velocity delineated from 1-meter DEM. 
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Results from the 1-meter DEM watershed delineation reveal smaller 

watercourses and tributaries emanating from each of the great house sites. (Figure 3-7). 

Springs are known to exist in the vicinity, further investigation of springs based on these 

results may be warranted given the knowledge of several active springs in the vicinity 

(Personal conversation, Varien 2021). Reed vegetation exists on the north side of the 

Haynie site between the great houses, worth investigating as a source of the middle cut 

identified by Dr. Fadem’s 2019 report.  

 

 
 

Figure 3-7. Haynie site stream delineated from 1-meter DEM. 
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The 1-meter delineation (Figure 3-8) of the Wallace site shows what I presume to 

be the prehistoric channel cutting east of the site, with a stream showing significant 

streamflow potential near the identified reservoir to the west of the Wallace great house. 

 

 
 

Figure 3-8. Wallace site streams delineated from 1-meter DEM. 
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The 1-meter delineation (Figure 3-9) of the Ida Jean Pueblo displays a number of 

streams emanating from around the site. Given the existence of springs in the 

immediate vicinity and the sites location, on a ride at the edge of the watershed, it is 

conceivable that the source of these streams may have been and continue to be 

springs. The site sits on private property, making further research difficult.  

 

 

Figure 3-9. Ida Jean site streams delineated from 1-meter DEM. 
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CHAPTER 4 

Discussion 

The Lakeview Community is located at an average elevation of 2000 meters. The 

minimum elevation of the watershed is 1875 meters with a maximum elevation of 2265 

meters (Figure 4-1), making the largest portion of the contributing source area four 

hundred meters higher in elevation than the pour point. The results of the elevation 

change displayed as a heatmap show the large area in red surrounding the Lakeview 

Community, located at a prime elevation for maize production (Ermigiotti, 2021), while 

receiving sediment deposition from the upstream canyon system within the alluvial fan 

spreading out around the community. The deposition received from the contributing 

source area is received from a vast system of both canyons and the large ridge located 

in the northern portion of the contributing source area. The results of the heat map 

demonstrate a sharp decrease in elevation change before the canyon system opens 

into the valley surrounding the Lakeview Community. The land immediately surrounding 

and downstream of the community are historically controlled wetlands, with a minimal 

drop in elevation as Simon Draw meanders to intersect with McElmo Creek.  
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Figure 4-2. Lakeview Community DEM displaying elevation values of the of watershed. 
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The watershed’s location on the northern periphery of the San Juan basin, with a 

contributing source area on the windward side of the La Plata Mountains, undoubtedly 

contributes to ground water recharge. Due to the elevation increase, the northern 

contributing source area of the watershed receives significantly more snowpack than 

the lower portions of the watershed (Figure 4-3).  

  
 

Figure 4-3. Snowpack on northern portion of the Lakeview watershed (left) with little 
snow present surrounding the Haynie site (right). Photo taken December 9th, 2021, 

three days after snow event. 

 

The Lakeview community lies at the confluences where the runoff from dozens of 

canyon tributaries concentrates into a single canyon drainage, Simon Draw, resulting in 

sediment deposition immediately surrounding the Lakeview Community, immediately 

after elevation drop decreases significantly. As discussed by Vivian and Bellorado, this 

type of environment creates an ideal setting for Puebloan agriculture practices such as 

floodwater farming, check dams and small-scale ditch irrigation. Located several 

kilometers from where the narrow canyon system opens into manageable fields, the 
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Haynie site is surrounded on three sides by Simon Draw. The raised elevation of the 

site gives it a commanding view of the landscape and is an ideal location to manage the 

hydrologic resources surrounding the community.  

Simon Draw’s modern course is a perennial stream and the presumed prehistoric 

route, cut off by historic re-routing, is an intermittent perennial course (Figure 4-4). This 

land continues to be utilized extensively for agriculture purposes. Due to this, it is 

difficult to determine how much of the modern perennial course and groundwater in the 

alluvial fan is recharged by irrigation. 

 

Figure 4-4. Prehistoric intermittent perennial stream along pre-historic course of Simon 
Draw (Google Earth, 2021). 
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The results of the velocity layer overlaid atop the slope layer (Figure 4-5), leads 

me to suspect that the Lakeview community was a prime agriculture area for Ancestral 

Puebloans due to a natural choke point which exists between the Haynie and Ida Jean 

sites, among other favorable geological and hydrological conditions discussed in this 

and other reports (Throgmorton et. al., 2022; Throgmorton et. al, 2021; Throgmorton et. 

al. 2020; Fladd et. al., 2019; Simon et. al., 2018; Ryan, 2016).  

 
 

Figure 4-5. Lakeview Community 1-meter delineation overlay on slope area 
representing the percent rise over surrounding terrain. 
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At this natural choke point, it is conceivable that water can be controlled and 

manipulated with more ease. I infer that this is a prime location to take advantage of 

runoff as the narrow canyons open into an alluvial fan of manageable fields, allowing for 

multiple forms of agriculture. The slope layer further reveals the outlines of the 

prehistoric stream bed and where historic re-routing has changed the streams course, 

demonstrated between the Haynie and Wallace sites as well as northwest of the Haynie 

site (Figures 4-5 and 4-6).  

 

Figure 4-6. Presumed prehistoric Simon Draw stream bed between the Haynie and 
Wallace sites. 

 
What Supervisory Archaeologist, Kellam Throgmorton and I, infer to be the 

prehistoric stream bed, are as wide as 20-meters and heavily incised. The portions of 

the stream bed which have been historically rerouted, are much narrower, only 3-8 

meters across (Figure 4-9). Northwest of the Haynie site, Simon Draw transects a 

modern agriculture field prior to where the modern stream turns south (Figure 4-7). I 
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presume the original stream bed naturally ran southeast of the current course, closer to 

the Haynie site, prior to historic re-routing. 

 

 
Figure 4-7. Simon Draw stream bed with presumed prehistoric stream bed, northwest of 

the Haynie site. 

 

The 30-meter delineation coupled with the slope layer (Figure 4-8) provides 

further evidence to support the hypothesis of the streams prehistoric route, east of 

where it presently turns course (Figure 4-8). The results indicate that the community’s 

great houses are placed along the flood plain in areas of high flow velocity and 

sediment deposition. 
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Figure 4-8. Lakeview Community 30-meter delineation overlay on 1-meter slope area. 

 
Simon Draw has been historically re-routed. The new stream, extensively smaller 

than the visible portions of the prehistoric route, consist of perennial streams in the 

valley surrounding the Lakeview Community (Figure 4-9). The streams’ re-routed 

course is significantly smaller in size, straight, and unnatural in its course. It also 

transects through a slightly higher elevation of geology, an un-natural flow of water to 

occur without the manipulation of a canal, providing additional confirmation of where the 

prehistoric stream bed ran. To identify the exact route, alluviation deposits will need to 

be identified, collected, and tested. 
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Figure 4-9. Historic rerouting of Simon Draw around prehistoric stream course, as much 
as twenty meters narrower than the prehistoric stream bed. 

 
Water control systems may have been developed in the San Juan basin to cope 

with short-term fluctuations in seasonal and annual moisture (Vivian, 1990). Given the 

Lakeview Community’s proximity to the floodplain, location on an alluvial plain, and 

sediment deposition from the contributing canyons; it is plausible that ancestral 

Puebloan inhabitants may have been employing such practices as a buffer to 

fluctuations in precipitation patterns. 

Given that floodwater farming, direct precipitation farming, and water control 

systems were employed by ancestral Pueblo peoples during contemporary periods as 

the Lakeview Community, and that these systems are still utilized by modern Pueblo 

people, suggests that the technological knowledge existed for the inhabitants of the 

Lakeview Community to make use of these various systems with the local terrain 

lending itself to these practices.  Further, the local hydrology and topography are among 

the most favorable in the region to provide access to an adequate growing season 
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including, optimal elevation for maize agriculture, perennial stream courses, 

groundwater recharge from snowpack, location along an alluvial floodplain and 

discharge zone, drinking water with abundant access to natural resources.  

The lower portion of the watershed surrounding the community opens into a low-

lying delta of tributaries surrounding the mainstream before draining into McElmo Creek. 

Historic maps indicate that the Lakeview Community and surrounding watershed deltas 

consisted of wetlands, which would have provided greater opportunity of retaining 

ground moisture. The area continues to be farmed extensively today and it appears 

suitable for agricultural practices such as floodwater farming, check dams, small-scale 

ditch irrigation and dryland farming. 

These factors considered with water being demonstrated to be the most critical 

factor for increased production, coupled with reliable perennial streams on the northern 

periphery of the San Juan Basin, a combined or blended approach to agriculture makes 

the Lakeview Community an ideal location to practice multiple horticulture strategies.  

More importantly, a new view of what a watershed is and the life it encompasses 

can be learned from the Pueblo people and implemented into our modern lives. As Rina 

Swentzell states, “our rivers, our watersheds, have been dramatically manipulated, 

controlled, and polluted…this, however, makes it more imperative than ever that we 

respectfully function as one with our community, our watershed, to help bring some 

balance into our increasingly fragile and stressed natural world. And these Pueblo 

voices remind us that we do have the capability as humans to respect and empathize 

with the waters, clouds, and the Earth to preserve the beauty and integrity of ourselves 

and our world. Even more, if we do acknowledge that we are water, that we are 
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hydrologic systems ourselves, we have the hope of seeing and honoring our oneness 

with the larger natural system within which we live and that sustain us” (Swentzell, 

2012).  
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CHAPTER 5 

Conclusion 

 
The central Mesa Verde region has supported agriculturalists for thousands of 

years. The Lakeview community sits within a geographical zone that is abundant with   

resources ancestral Puebloans depend upon with a rich surface hydrologic environment 

adapted for agriculture. The location on the boundary of the northern San Juan 

watershed, leeward side of the San Juan mountains, elevation, and flood plain creates 

an ideal hydrological opportunity. Additionally, prominent Pueblo features exists on the 

landscape that hold importance to the Pueblo world view such as mountains, rivers, and 

connections to their communities. 

The watershed delineation provides context and confirmation that is difficult to 

visualize with only a physical investigation of the sites surrounding landscape, satellite 

imagery or exiting HUC watershed maps. The past century and half of agriculture, 

development, and water management projects have made the terrain and natural flow 

of water difficult to decipher.  

The Lakeview Community sits at a prime elevation for maize agriculture within a 

terrain ripe with resources utilized by Puebloan communities. The Community’s location 

creates a unique local hydrological and topographical horticulture opportunity. The large 

contributing source area at the headwaters acts as a recharge zone for ground water, 

realizes significant snowpack, providing an increased opportunity for groundwater and 

soil moisture recharge. The canyons upstream from the Haynie site can support terrace 

and check dams and the valley would have been optimal for diversion channels. 
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Additionally, the Lakeview Community lies in the discharge zone of the contributing 

source area. 

Simon Draw has a perennial stream with the flow velocity surrounding the 

community to realize flooding events, which would have allowed inhabitants the 

opportunity to take advantage of floodwater agriculture. It can be surmised that this 

community was intentionally placed along a specific segment of Simon Draw and the 

alluvial fan to take advantage of a number of hydrologic and topographic conditions, 

including flow velocity, elevation, and sediment deposition. Given these parameters, it is 

assumable that the Lakeview watershed would allow for an increased ability to 

withstand environmental crisis such as the 1130 - 1180 drought, but further models will 

be necessary to account for additional variables such as soil and geologic conditions, to 

run reliable simulations.  

Delineating the watershed at differing resolutions revealed ideal locations around 

the Lakeview Community to control water and sediment runoff based on the direction 

water naturally moves without the interference of historic irrigation projects. This is 

further demonstrated by the results of the slope percent rise layer, which emphasizes 

the permitters of prehistoric stream route downcutting. This provides insight to where 

ancestral Puebloan inhabitants may have preferred to plant crops to avoid wash out 

while taking advantage of groundwater and soil moisture.  

The low-lying delta of tributaries surrounding the mainstream, prior to draining 

into McElmo Creek, consists of controlled wetlands, providing an additional local 

hydrological opportunity for agriculture production. The area continues to be farmed 

extensively and based on the results, consists of traditional terrain ancestral Puebloans 
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found to be suitable for agricultural practices both within alluvial fans and upland areas, 

to support floodwater farming, check dams, small-scale ditch irrigation and dry-land 

farming. 

To fully understand the Lakeview watershed hydrology, additional models are 

necessary to account for soil moisture, geology, and landcover. Based on the results of 

this research, a 30-meter DEM will be utilized to delineate the watershed utilizing the 

Automated Geospatial Watershed Assessment Tool (AGWA). AGWA will model ground 

water, permeability, run off potential and precipitation events to better understand the 

full hydrologic cycle surrounding the Lakeview Community to further our understanding 

of the community’s surrounding environment. 
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APPENDIX A 
WATERSHED DELINEATION GEOPROCESSING TOOLS 

 

 
 

Figure A-1. Mosaic to New Raster Tool Settings 
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Figure A-2. Extract by Mask Tool Settings 

 
 

 
 

Figure A-3. Flow Direction Tool Settings 
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Figure A-4. Sink Tool Settings 

 
 

 
 

Figure A-5. Fill Tool Settings 
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Figure A-6. Flow Direction (2) Tool Settings 

 
 

 
 

Figure A-7. Snap Pour Point Tool Settings 
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Figure A-8. Watershed Tool Settings 

 
 

 
 

Figure A-9. Slope Tool Settings 
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Figure A-10. Con Tool Settings 

 
 

 
 

Figure A-11. Con (2) Tool Settings 

 
 
 
 
 



 

81 

Glossary 
 

Great house Large, usually multistoried ancestral Puebloan stone buildings 
constructed between A.D. 850 – A.D. 1150 on a formal plan with 
core-and-veneer walls, large rooms, high ceilings, large roofing 
timbers, enclosed plazas and usually on or more great kivas. 

Small house A small masonry pueblo that was constructed at the same time as 
Chacoan great houses but differs architecturally in many respects. 
Small houses typically have less than twenty rooms, are only one 
story and do not have great kivas.  

Kiva A Hopi world for a belowground structure. They are used primarily 
for religious and social ceremonies in present-day pueblos. In the 
Mesa Verde region, archaeologists use this term to describe 
structures that are usually round, masonry lined structures built 
below the ground. Ancestral Pueblo kivas were probably used for 
ceremonies, as well as for other activities such as cooking, eating, 
and sleeping. 

Room block Two or more aboveground, contiguous rooms. In ancestral Pueblo 
villages, the rooms were usually rectangular, and they were 
probably used for storage and day-to-day living. 

Chaco Region The political regional extent of shared influences, practices and 
traditions representing the ancestral Puebloans which spans across 
southeast Utah, southwest Colorado, northwest New Mexico, and 
northeast Arizona. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 



 

82 

 
 


	ACKNOWLEDGMENTS
	LIST OF TABLES
	LIST OF FIGURES
	LIST OF ABBREVIATIONS
	ABSTRACT
	Chapter 1
	Introduction
	The Lakeview Community
	The Northern Chaco Outliers Project
	Environmental Study
	Environmental Setting
	Hydrology
	Landscape Practices, Water Control Systems and Farming


	CHAPTER 2
	Methods for Hydrological Modeling
	Study Area
	Geospatial Research
	Data
	Watershed Delineation Workflow Steps


	CHAPTER 3
	Results
	30-meter DEM
	Lakeview Watershed Velocity and Accumulation
	10-meter DEM
	1-meter DEM


	CHAPTER 4
	Discussion

	CHAPTER 5
	Conclusion

	LIST OF REFERENCES
	WATERSHED DELINEATION GEOPROCESSING TOOLS

