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1  INTRODUCTION  
 

1.1  Purpose of Rapid Ecoregional Assessments 

 

Rapid Ecoregional Assessments (REAs) undertaken by the Bureau of Land Management (BLM) 

provide a broad-scale synthesis of natural resource status and trends within an ecoregion. 

Through the assessment of available data using relatively rapid assessment approaches and GIS 

analyses, REAs are useful in addressing a broad range of regional management questions in a 

timely fashion and identifying knowledge gaps for future study. Fifteen BLM REAs have been 

completed or are underway in 2015 (http://www.blm.gov/wo/st/en/prog/more/ 

Landscape_Approach/reas.html). Ecoregions are areas of general similarity in terms of the type, 

quality, and quantity of environmental resources (Omernick and Griffith 2014). The REAs 

characterize the current status of select Conservation Elements (CEs) and forecast trends and 

future vulnerability of these resources to Change Agents (CAs). The REAs have received 

particular emphasis in the BLMôs landscape approach to land management, and are tools in 

implementing U.S. Department of the Interior Secretarial Orders to use landscape approaches in 

evaluating the impacts of climate change, energy development, and other activities occurring on 

public lands (USDOI 2010, 2013). The REAs are intended to serve several purposes pertaining 

to natural resource management: 

 

¶ Understand landscape-level status and trends of Conservation Elements; 

¶ Characterize current and potential influences (Change Agents) in the ecoregion; 

¶ Understand landscape-level impacts of human development activities; 

¶ Inform the development of ecoregion-based conservation strategies; 

¶ Inform landscape planning decisions (including identification of regional mitigation 

opportunities); and 

¶ Provide baseline for long-term monitoring and adaptive management. 

 

REAs are useful in landscape-scale management by compiling, maintaining, and synthesizing 

regional data and making the data and syntheses transparent and available to land managers and 

the public. The REAs rely on available information and are not designed to involve field data 

collection or research. REAs also provide a baseline condition from which to evaluate the results 

of adaptive management and to characterize potential trends in resource condition over time. 

While REAs are developed at an ecoregional scale, and for a finite set of management questions, 

they provide conceptual models and an assessment framework that can be revised for use at 

different scales (e.g., field office level) and for a different suite of resource issues.  

 

1.2  Purpose of this Landscape Assessment 

 

This Landscape Assessment (LA) was developed following the methodology of existing BLM 

REAs. The assessment was conducted within the San Luis Valley ïTaos Plateau Level IV 

ecoregion (Figure 1-1) to document the current status of Conservation Elements at the 

ecoregional scale and evaluate the trends and vulnerability of these resources to Change Agents 

over time. This LA is based on approaches similar but not identical to BLM REA approaches 

completed for the Colorado Plateau and Mojave Basin and Range Ecoregions (Bryce et al. 2012, 

Comer et al. 2013a). The main distinctions like in scope:

http://www.blm.gov/wo/st/en/prog/more/Landscape_Approach/reas.html)
http://www.blm.gov/wo/st/en/prog/more/Landscape_Approach/reas.html)
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Figure 1-1.  Study area for the San Luis Valley-Taos Plateau Level IV Ecoregion 

Landscape Assessment, located in southern Colorado and northern New Mexico (inset).
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¶ Whereas BLM REAs are generally prepared at the scale of a Level III Ecoregion 

(generally >100,000 km
2
 in size), the focus for this LA is a smaller Level IV Ecoregion 

(approximately 25,346 km
2
) of the Upper Rio Grande landscape occurring within the 

CO-NM Plateau. This smaller LA study area contains three BLM Colorado Solar Energy 

Zones (SEZs)
1
 defined as priority areas for renewable energy (solar) development 

(BLM 2012a).  

 

¶ The primary objective of this LA is to inform landscape-based mitigation strategies for 

solar energy development in Colorado within these SEZ priority areas. Management 

Questions (MQs) and Conservation Elements (CEs) selected for this LA were developed 

to inform regional mitigation planning for solar development that is ongoing through a 

concurrent Solar Regional Mitigation Strategy (SRMS) development process. Although 

this LA was prepared with focus on mitigation planning for utility-scale solar energy 

development, the assessment is intended to have applicability to other resource and 

conservation issues and future land management decisions. It is anticipated that this LA 

will inform other BLM land use planning activities in the region (e.g., Rio Grande del 

Norte National Monument planning efforts). 

 

¶ In addition, this LA also includes an initial identification of MQs and CEs for cultural 

and visual resources within the study area in an effort to inform solar regional mitigation 

strategies. Although some resources with cultural resource values (such as Specially 

Designated Areas) have typically been evaluated in previous REAs (e.g., Bryce et al. 

2012, Comer et al. 2013a), these REAs have primarily focused on ecological resources 

and have not thoroughly evaluated cultural and visual resources. For this LA, greater 

efforts have been made to assess condition and trends of cultural and visual landscapes, 

values, and areas of connectivity. In this LA, MQs and CEs for cultural and visual 

resources are identified and presented; associated separate reports present more detailed 

information on cultural and visual resource assessment. A separate report on potential air 

quality issues associated with dust in the study area also supports the evaluation of air 

quality MQs and CEs (Chang et al. 2016).  

 

1.3  Elements of this Landscape Assessment 

 

The major components of the LA are discussed below and summarized in Table 1-1. This LA is 

grounded in Management Questions (MQs) that are used to frame regionally important land 

management issues for the BLM. The MQs guide the identification and evaluation of 

Conservation Elements (CEs) and how they interact with and may be influenced by Change 

Agents (CAs). Conceptual models are also an important component of this LA to illustrate key 

relationships between CEs, biophysical properties of the environment, and CAs. 

 

                                                           
1
 As of May 2015, the BLM has designated four SEZs in the study area. However, one SEZ (Fourmile East) is not 

prioritized for regional mitigation planning. Maps shown in this LA may show all four SEZs but priority is given 

to the following three SEZs for regional mitigation planning: Antonito Southeast, DeTilla Gulch, and Los 

Mogotes East. 
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Table 1-1.  Major components of the San Luis Valley ï Taos Plateau Landscape 

Assessment. 

Component Description 

Management Questions Questions about important resources and their attributes for addressing 

land management responsibilities. Management Questions guide the 

selection and evaluation of Conservation Elements. 

 

Change Agents Primary drivers that either currently influence or could influence 

Conservation Elements. The four change agents evaluated in this LA 

include climate change, human development, invasive species, and 

wildfire. 

 

Conservation Elements A limited number of resources with regional conservation importance. 

Resources addressed through Conservation Elements in this LA 

include species, species assemblages, ecological systems, habitats, 

physical resources (e.g., air, soils, hydrology), and cultural and visual 

resources.  

 

Conceptual Models Illustrative depictions of the interactions between Conservation 

Elements, the biophysical properties of the environment, and Change 

Agents. Conceptual Models show the relationships and mechanisms of 

their interactions. 

 

 

1.3.1  Management Questions 

 

The MQs were identified in 2013-2014 by the BLM interdisciplinary team (IDT) and assessment 

management team (AMT) to identify the information needed for addressing public land 

management responsibilities as defined in the BLM San Luis Resource Area Resource 

Management Plan (BLM 1991) and amendments, and BLM Taos Resource Area RMP (BLM 

2012a). The MQs form the foundation of the LA by guiding the selection of CEs and identifying 

information needed to understand how CAs influence those CEs. The MQs helped to focus the 

LA process and ensured that the most relevant datasets were compiled, analyzed, and 

summarized. The MQs may pertain to either CEs or CAs. There are also integrative MQs that 

address the interaction of CAs and CEs. Common aspects of MQs include the following: 

 

¶ What and where are key attributes of Conservation Elements? 

¶ What and where are the Change Agents? 

¶ Where do the Change Agents overlap with key attributes of Conservation Elements? 

¶ How do the Change Agents affect the key attributes of Conservation Elements? 

 

A total of 56 MQs in 11 topical areas were identified as relevant for this LA. The list of MQs for 

this LA is provided in Table 1-2. Most MQs are presented with their results in Appendix A; 

however, a few MQs were deferred from assessment in this LA due to lack of data, or were 

assessed through other efforts associated with the SRMS for Colorado solar energy zones. 
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1.3.2  Conceptual Models 

 

Conceptual models are graphical representations of the role of CEs and their interactions 

between biophysical properties and CAs. The scientific literature was used to develop two types 

of conceptual models for this Landscape Assessment. The first type of conceptual model 

consisted of a general ecosystem-based model to illustrate the roles of CAs and CEs and their 

interactions in the ecosystem. In addition, conceptual models for ecological CEs (ecological 

systems and focal species) were developed to highlight the major processes by which CAs may 

affect each ecological CE. These more detailed models also identify which mechanisms may be 

spatially addressed in this Landscape Assessment, as well as data gaps. Conceptual models are 

useful in highlighting important ecosystem components and interactions that may be used to 

inform land management decisions (DiGennaro et al. 2012). Conceptual models are discussed 

further in Section 3.2.1 and all CE-specific conceptual models are provided in Appendix C. 

 

1.3.3  Conservation Elements 

 

A regionally significant CE has attributes that give it more than local significance, especially 

compared to similar resources. Regionally significant CEs considered in this LA represented a 

number of resources with regional conservation importance in 2014. CEs that were selected for 

final inclusion in this LA are listed in Table 1-3. Information on the selection process for the 

CEs evaluated in this LA is provided in the Phase I report (Argonne 2014). It is important to note 

that while a finite list of CEs was selected for this LA, the assessment process demonstrated in 

this LA can be repeated in the future for additional CEs with available data. The 23 CEs 

evaluated in this LA consisted of (A) four broad Ecological System Macrogroupsïbasin 

grassland and shrubland systems, montane and subalpine conifer forest systems, pinyon-juniper 

woodland systems, and riparian and wetland systems; (B) twelve focal wildlife species; (C) sites 

of conservation concern; and (D) six ecosystem functions. In addition, cultural and historic CEs 

have been identified and evaluated as part of a separate yet parallel Cultural Heritage Values and 

Risk Assessment (Wescott et al. 2016). A map representing the spatial distribution of the four 

Ecological Systems across the study area is provided in Figure 1-2. A total of twelve focal 

species and assemblages were also chosen for evaluation. Detailed discussion of the natural 

history, status, and distribution of these focal species CEs is provided in species accounts in 

Appendix B.  
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Table 1-2.  Management Questions identified for the San Luis Valley ïTaos Plateau Landscape Assessment.
2
 

 

Management Questions 

A. Soils and Air Quality 

MQA1 Where are Class I Prevention of Significant Deterioration (PSD) areas?  

MQA2 Where are soil systems with potential for erosion (including coarse-textured, calcic, saline, sodic, and shallow soils; salt crusts, 

low water holding capacity soils, and soils susceptible to wind erosion)?  

MQA3 Where are soil systems of concern vulnerable to change agents? 

MQA4 Where are communities and hydrologic basins susceptible and/or sensitive to fugitive dust and dust-on-snow events? 

MQA5 Where are Clean Air Act (CAA) criteria pollutant source areas for PM10 and PM2.5? 

B. Hydrology 

MQB1 Where are and what are the conditions of hydrologic features including lotic and lentic features and artificial surface water bodies 

(e.g., perennial, intermittent, and ephemeral streams and springs; playas; wetlands; lakes; reservoirs; wells; ponds; livestock and 

wildlife watering tanks)? 

MQB2 Where are impaired waters and aquatic systems (such as those included in the EPA 303(d) and 305(b) lists)?  

MQB3 Where are mountain snow pack, rainfall, and alluvial aquifers and their recharge areas?  

MQB4 Where are hydrologic systems vulnerable to change agents? 

MQB5 Where are the areas that are susceptible to early snow melt due to dust on snow? 

MQB6 What are seasonal discharge maxima and minima for the Rio Grande, Closed Basin, and major tributaries at gaging stations?  

MQB7 Where are the confined and unconfined recharge or discharge areas?  

C. Ecological Systems Conservation Elements 

MQC1 Where are existing vegetative communities?  

MQC2 Where are vegetative communities vulnerable to change agents in the future?  

MQC3 Where are areas of highest carbon sequestration and what are conditions and trends of carbon sequestration in the study area? 

MQC4 What change agents have affected existing vegetation communities?  

MQC5 How will vegetation communities be altered (e.g. state-in-transition) according to the change agents? 

D. Focal Species Conservation Elements 

MQD1 What is the current distribution and status of available and suitable habitat for focal species Conservation Elements?  

MQD2 What is the distribution of current and potentially suitable habitat, if available, for aquatic, terrestrial, and riparian biodiversity 

sites, and special status species?  

MQD3 Where are focal species vulnerable to change agents in the future?  

                                                           
2
 Please refer to the Phase I Report (Argonne 2014) for information on how Management Questions were selected for this Landscape Assessment. Management 

Questions are addressed in this Landscape Assessment in Appendix A. 
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Management Questions 

D. Focal Species Conservation Elements (Cont.) 

MQD4 Where are aquatic, terrestrial, and riparian biodiversity sites, and special status species vulnerable to change agents in the future?  

MQD5 What is the current distribution and status of big game crucial habitat and movement corridors (including bighorn sheep, elk, 

mule deer, and pronghorn)? 

E. Wildfire  

MQE1 Where has wildfire occurred in the past 20 years?  

MQE2 Where are the Fire Regime Condition Classes?  

MQE3 Where is fire adverse to ecological communities, features, and resources of concern?  

MQE4 Where are the areas with potential to change from wildfire in the future? 

MQE5 Where is fire likely to change in relation to climate change? 

MQE6 Where might fire interfere with future human development (e.g., development risk)? 

F. Invasive Species 

MQF1 Where are areas that invasive species occur or could potentially occur (e.g. tamarisk, Russian Olive, cheatgrass)?  

G. Human Development and Resource Use 

MQG1 Where are linear recreation features such as OHV roads and trails?  

MQG2 Where are Special Recreation Permits (SRPs) and permitted uses such as grazing and wood gathering?  

MQG3 Where are the locations of irrigated lands 

MQG4 Where are high-use recreation areas, (High Intensity Recreation Areas (HIRAôs) Special Recreation Management Areas, National 

Parks, etc.)? 

MQG5 Where are areas of current and planned development (e.g., plans of operation, urban growth, wildland-urban interface, energy 

development, mining, transmission corridors, governmental planning)?  

MQG6 Where are federally owned water rights that are adjudicated for wildlife and irrigation? 

MQG7 Where are areas of potential future development (e.g., under lease), including renewable energy sites and transmission corridors?  

MQG8 Where are areas of potential human land use change (e.g., agricultural fallowing)?  

MQG9 What are the conditions and locations of surface and groundwater rights? 

MQG10 Where are current conservation efforts prohibiting human development?  

MQG11 Where is the acoustic environment affected by human development? 

H. Climate Change 

MQH1 Where are areas with greatest long-term potential for climate change? 

MQH2 Where have conservation elements experienced climate change and where are conservation elements vulnerable to future climate 

change?  
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Management Questions 

I. Human and Cultural Elements 

MQI1  Where do areas of cultural resource management and protection occur (National Monuments, ACECs, National Historic 

Landmarks, World Heritage Areas, Los Caminos Scenic and Historic Byway, etc)? 

MQI2  Where are known historic properties, traditional cultural properties, and sacred sites and landscapes?  

MQI3  What are the traditional cultural land use patterns? 

MQI4  Where are known historic properties, traditional cultural properties, and sacred sites vulnerable to change agents? 

MQI5  Where are high potential areas or high density areas for historic properties that address the highest priority research goals? 

MQI6  Where is cultural landscape connectivity vulnerable to change agents (human development, fire, invasive species, climate 

change)? 

MQI7  Where are sensitive socioeconomic populations and how are they affected by change agents? 

J. Landscape Intactness 

MQL1  What is current and future predicted landscape intactness? 

K. Visual Resources 

MQK1  Where are specially designated/managed areas with associated visual resource considerations/mandates/prescriptions?  

MQK2  Where are visual resource inventoried areas with high scenic quality, public sensitivity for scenic quality, and distance zones 

where people commonly view the landscape? 

MQK3  Where are the highest quality night skies and where are they vulnerable to change agents (NPS inventory)? 

MQK4  Where are high scenic quality values within the region and where are they vulnerable to change agents? 

MQK5  Where are areas of high relative visual values (based on Visual Resource Inventory (VRI) classes) and where are they vulnerable 

to change agents? 

MQK6  Where are current Visual Resource Management (VRM) classes that specify retention or partial retention of existing landscape 

character and where are they vulnerable to change agents? 
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Table 1-3.  Conservation Elements Evaluated in the San Luis Valley-Taos Plateau 

Landscape Assessment.
3
 

 

A.  Ecological Systems
1
 

  Ecological System Macrogroup 

Percent of 

Ecoregion 

A.1 Montane and Subalpine Conifer Forest 35.2% 

A.2 Basin Grassland and Shrubland 27.6% 

A.3 Piñon-Juniper Woodland 10.2% 

A.4 Riparian and Wetland Systems (playa, marsh, open water, wetland) 8.6% 
  

B.  Focal Species 

B.1 Native fish assemblage (Rio Grande cutthroat trout, Rio Grande chub, and Rio Grande 

sucker) 

  

B.2 Brewer's sparrow (representative migratory bird species)   

B.3 Ferruginous hawk   

B.4 Northern goshawk (representative montane species)   

B.5 Gunnison sage-grouse   

B.6 Waterfowl/shorebird assemblage   

B.7 Mexican free-tailed bat (representative bat species)   

B.8 Bighorn sheep   

B.9 Grassland fauna assemblage (burrowing owl, mountain plover, and Gunnison's prairie dog) 

B.10 Mountain lion   

B.11 Pronghorn   

B.12 Elk-mule deer assemblage   
    

C.  Sites of Conservation Concern 

C.1 Sites of Conservation Concern Assemblage   
  

 

  

D.  Ecosystem Functions 

D.1 Soils with potential for erosion 

D.2 Aquatic systems (including streams, lake, ponds, reservoirs, wetlands/playas, ponds livestock and 

wildlife watering tanks, springs, wells, diversions, ditches, canals and other artificial water bodies)  

D.3 Riparian areas  

D.4 Hydrologic systems  

D.5 Species richness and biodiversity 

D.6 Big game ranges (including summer & winter range, fawning, lambing, and calving areas, and 

migration corridors) 
  

E.  Cultural and Historic Conservation Elements 
 

  Cultural and historic CEs are identified and assessed through a concurrent Cultural Landscape 

Assessment effort (Wescott et al. 2016).  
     

    
1 Macrogroups determined from LandFire EVT associations and compliant with BLM vegetation mapping standards (IM 2013-111 

[BLM 2013b] : http://www.blm.gov/wo/st/en/info/regulations/Instruction_Memos_and_Bulletins/national_instruction/2013/im_2013-

111_the_national.html) 

 

                                                           
3
 Please refer to the Phase I Report (Argonne 2014) for information on how Conservation Elements were selected 

for this Landscape Assessment. Conservation Elements are evaluated in this Landscape Assessment in 

Appendix B. 
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Figure 1-2.  Distribution of Ecological Systems Conservation Elements in the San Luis 

Valley-Taos Plateau Landscape Assessment study area. Data Source: LANDFIRE Existing 

Vegetation Types (EVT) (USGS, 2010). 
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1.3.4  Change Agents 

 

The assessment of CE status and trends requires an evaluation of natural and anthropogenic 

disturbance factors to understand the risks that CEs may experience from Change Agents (CAs). 

Four primary CAs were evaluated in this Landscape Assessment: (1) climate change, (2) human 

development, (3) invasive species, insects, and disease, and (4) wildfire. Several factors were 

considered in the development of CAs. These include grazing, recreation activities, and other 

agricultural practices (e.g., fallowing). The BLM IDT recommended that these factors be 

included and characterized as human development activities. Results of the CA distribution 

models are presented in Section 3.2. The CA model for wildfire did not consider prescribed fires 

used by management agencies. It is important to note that CAs were chosen based on their 

regional importance for multiple resources. While some CAs may threaten one resource and 

benefit another, the CAs selected for this LA typically have a negative influence on resources in 

the region.  

 

1.3.5  Landscape Intactness Model 

 

One important model developed to assist in the evaluation of CE status and trends was the 

Landscape Intactness Model
4
. This model builds on a growing body of existing methods that aim 

to spatially characterize ecological integrity across landscapes (Theobald 2001, 2010, 2013; 

Leu et al. 2008; Comer and Hak 2012). This model incorporated regionally available spatial data 

on human development and landcover change to characterize intactness of natural systems as a 

function of the degree of human modification across the landscape. Based on the work in other 

REAs (e.g., Bryce et al. 2012), landscape intactness is defined as a quantifiable estimate of 

naturalness across a region with respect to the level of human disturbance. Existing geospatial 

data on human activities and infrastructure were used to create a current landscape intactness 

model. In addition, spatial data on potential future human activities (e.g., energy development 

and urban sprawl) were used to model future landscape intactness for a near-term future time 

period (e.g., 2025-2030). Because the intensity of and proximity to human activities is a 

fundamental driver of ecological condition (Theobald 2013), the landscape intactness models 

prepared for this LA were used as general indicators of CE condition and trends. Additional 

explanation on landscape intactness model development, including maps of model results, is 

provided in Section 3.2.3.  

 

1.4  Assumptions, Data Limitations, and Data Gaps 

 

See Table 1-4 for a summary of assumptions, data limitations, and data gaps. One of the 

overarching requirements of the LA was to use pre-existing data as assessment inputs. This 

requirement, coupled with the objective of providing an assessment within a relatively short 

schedule, presented a number of challenges and limitations:  

 

¶ The evaluations presented in this LA were developed to provide landscape-scale 

information on CE status and trends. Additional information or analysis may be needed 

for decision making at other geographic scales (e.g., local project scale). 

                                                           
4
 Note that these models were referred to as Landscape Condition Models in other applications (e.g., Comer et al. 

2013a,b). 
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¶ For some CEs, the nature of the resource and/or its occurrence within the LA study area 

made a spatial assessment either inappropriate or infeasible.  

 

¶ Existing data on particular CEs (e.g., soils, wildlife habitat) tend to vary widely in data 

quality and collection methodology across sources, which in some cases made it difficult 

to create a seamless dataset of uniform quality across the study area. 

 

¶ Several MQs identified by the BLM could not be addressed or were limited in their 

assessment, either due to scarce or inconsistent data or due to assessment and modeling 

requirements that would exceed the schedule of this study. As such, several Management 

Questions identified in Table 1-2 were identified as information gaps that might be 

addressed in future research. MQs not addressed in this LA that could warrant future 

study are identified in Appendix A. 

 

It is important for readers to understand the limitations and key information gaps of this LA. 

These data gaps may be used to direct future land planning research, as discussed in the 

following bullets. 

 

¶ A finite list of CEs was identified and evaluated in this LA to accommodate scope and 

schedule. Through the demonstration in this LA of how CE status and trends may be 

considered, the assessment of other CEs not presented in this LA may be conducted in the 

future by repeating the evaluation using additional data on key attributes of other CEs. 

 

¶ Through the process of evaluating Change Agents (CAs), the availability and distribution 

of surface water and groundwater through hydrologic processes was suggested as a fifth 

CA that could influence the distribution, status, and trends of several CEs 

(e.g., shorebird/waterfowl assemblage). The combined effects of climate- and human-

induced changes in surface and groundwater resources on CEs warrants further 

assessment. Although water was not evaluated as a separate CA in this LA, the influence 

of surface water and groundwater availability was acknowledged as a data gap for several 

CEs. Given the importance of hydrology in this region, however, hydrologic features 

were evaluated as a CE in this assessment. 

 

¶ The assessment of CE condition and trend incorporated generalized indicators of 

landscape intactness and measures of CAs. While this approach provides a standard 

baseline to evaluate all CEs, not all species and ecological systems respond similarly to 

CAs. For example, some CEs may be more vulnerable to climate change than other CEs 

(e.g., van Riper et al. 2014). In addition, CE condition may be a function of other factors 

that could not be measured for this LA. For example, the condition of aquatic and 

hydrologic systems is related to the amount of human surface and groundwater use, 

which could not be adequately quantified and spatially represented in this LA. 

Assessment of CE-specific responses to disturbance factors and integration of other 

factors that may influence CE condition have been identified as potential areas for future 

study.  
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¶ This LA spatially characterized where proximal changes in CA measures could occur and 

did not address the implications of CA changes to other regions of the study area. For 

example, this LA demonstrated that future climate change (in terms of changes in 

precipitation and temperature) is expected to be greatest in higher elevation montane 

regions of the study area. This change in montane climate has implications for mountain 

snowpack accumulation and runoff, which could affect hydrologic processes and 

functions at downgradient basin locations (Lukas et al. 2014; Elias et al. 2015). However, 

this LA did not model how climate change in higher elevation regions would alter 

ecological functions and processes in lower elevation basin shrubland, wetland, and 

riparian systems. Although the assessment of basin shrubland, wetland, and riparian 

systems in this LA indicate a relatively low to moderate vulnerability to future climate 

change, the vulnerability of these systems to climate change is likely higher due to the 

top-down effects of changes in precipitation and temperature in higher elevation regions.  

 

¶ Inconsistencies were identified in availability of high quality, locally-accurate, and 

seamless data across the entire ecoregion for some themes, including: 

o Up-to-date wildlife habitat maps across state boundaries, including big game 

seasonal ranges and migration corridors 

o Soil properties and map units mapped by NRCS across state boundaries. 

 

¶ Uniform projections of future human development were not available (e.g., urban growth, 

change in agriculture areas, and potential development of oil, gas, and renewable energy 

sources). 

 

¶ The assessments of CE condition and trend were made individually with respect to the 

CAs. While these assessments provide a preliminary first step towards understanding the 

role of CAs on CE conditions and trends, these analyses do not address the additive or 

synergistic interactions among CAs. For example, wildfire and invasive species often 

interact to result in second-order impacts in terms of state transitions in vegetation 

communities. The additive or synergistic interactions of multiple CAs on CE condition 

and trend was not evaluated in this LA and represents an area for future research. 

 

¶ Additional information gaps that could be addressed with future research include:  

o Fine-scale assessment of some CEs (e.g., habitat for sensitive species, some 

hydrologic features); 

o Spatially-explicit status and trends assessment of groundwater resources; 

o How some CEs may be affected by CAs (e.g., state and transition models for 

ecological systems responses to CAs); 

o Interactions between CAs (e.g., where potential for wildfire and invasive species 

may change in relation to climate change). 
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Table 1-4.  Summary of Assumptions, Data Limitations, and Data Gaps 

Additional information or analysis may be needed for decision making at geographic scales 

smaller than the landscape. 

Spatial assessments of some CEs were inappropriate or infeasible. 

Data quality and content may vary across the study area, especially across state boundaries.  

Several MQs could not be addressed or were limited in their assessment in this LA.  

A finite list of CEs was identified and evaluated in this LA. 

The influence of surface water and groundwater availability is a data gap for several CEs. 

This LA did not address the implications of CA changes to other regions of the study area such 

as downgradient basin locations. 

Uniform projections of future human development were not available. 

The additive or synergistic interactions among CAs was not addressed in this LA.  

Additional information gaps could be addressed with future research.  

 

 

1.5  Landscape Assessment Workflow 
 

This LA was developed in two phases: a pre-assessment phase and an assessment phase. The 

pre-assessment phase was completed with the development of the Phase I Report (Argonne 

2014), which discussed in detail the scope of the LA, how MQs, CEs, and CAs were determined, 

and outlined the assessment process. The Phase I report also provided the work plan for the 

assessment phase, which culminated in the preparation of this final Landscape Assessment 

report. Throughout the assessment phase, CE and CA models were developed and reviewed by 

the BLM IDT to determine their feasibility in addressing MQs. The BLM IDT and AMT 

provided oversight, collaborative input, and consensus throughout the assessment process. A 

peer review is also planned to provide external collaborators and the public an opportunity to 

review the data, models, and results and offer constructive feedback.  
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2  BACKGROUND ON THE SAN LUIS VALLEY ï TAOS PLATEAU 

LEVEL IV ECOREGION  

 

The San Luis Valley ï Taos Plateau Level IV Ecoregion (hereafter, ñthe study areaò) 

encompasses approximately 9,786 mi
2
 (25,346 km

2
) and includes portions of southern Colorado 

and Northern New Mexico (Figure 1-1). Figure 1-1 also notes locations of the BLM Solar 

Energy Zones (SEZs) under consideration for regional mitigation planning that were used in 

scoping of this LA. About 65% of the study area occurs in Colorado and 35% in New Mexico, 

with portions of 12 counties in Colorado and 6 counties in New Mexico included (Table 2-1). 

The study area is situated in a north-south dimension, with the longest north-south axis of 

approximately 172 mi (277 km) and longest east-west axis of approximately 95 mi (153 km). 

The dimensions of the study area are influenced and bound by two dominant mountain ranges in 

the region: the Sangre de Cristo Mountains in the east, and the San Juan Mountains in the west. 

Elevations within the study area range from approximately 5,000 to 14,000 ft (1,524 to 4,267 m). 

 

Approximately one-half of the study area (53.8%) is under federal land management 

(Figure 1-1), with nearly one-third of the study area under land management by the U.S. Forest 

Service (Table 2-2). The BLM is responsible for management of approximately 15% of the 

study area (913,865 acres). Approximately 46.2% (2,823,306 acres) of the study area is under 

private, local, or state ownership. 

 

Table 2-1.  Counties Included in the Landscape Assessment. 

County 

County Area within 

Study Area (mi
2
)a 

Colorado Counties 

Saguache 2387.6 

Costilla 1202.8 
 
 

Conejos 1153.5 
 
 

Rio Grande 806.0  

Alamosa 723.6 
 
 

Huerfano 28.5  

Mineral 15.3 

Custer 13.4 

Fremont 7.9 

Archuleta 5.6 

Chaffee 2.4 

Las Animas 0.6 

New Mexico Counties 

Taos 2204.4 

Rio Arriba 1191.3 

Colfax 26.3 

Mora 18.2 

Sandoval 2.6 

Santa Fe 2.2 
a To convert to km

2
, multiply by 2.59 
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Table 2-2.  Land management within the San Luis Valley ï Taos Plateau Landscape 

Assessment study area. 

Land Ownership or 

Management Agency Acres 

Percent of 

Study 

Area 

Private 2,560,938 41.9% 

U.S. Forest Service 1,984,751 32.5% 

Bureau of Land Management 913,865 15.0% 

Local / State 262,368 4.3% 

Bureau of Indian Affairs 140,265 2.3% 

National Park Service 136,902 2.2% 

U.S. Fish and Wildlife 

Service 112,312 1.8% 

Bureau of Reclamation 241 0.0% 

TOTAL 6,111,642   

 

 

According to the two most recent Resource Management Plans (RMPs) for the BLM Field 

Offices in the study area, the San Luis RMP in Colorado (BLM 1991) and the Taos RMP in New 

Mexico (BLM 2012b), BLM lands in the study area are managed for a variety of human uses 

including: 

 

¶ Renewable and nonrenewable energy development and management (e.g., minerals, 

geothermal, solar, wind)  

¶ Livestock grazing 

¶ Conservation and management of cultural and archaeological resources 

¶ Conservation and management of historical and paleontological resources 

¶ Conservation and management of ecological resources 

¶ Management of land ownership, acquisition, and withdrawal 

¶ Determinations of special area designations (e.g., ACEC designations, Wild and 

Scenic Rivers) 

¶ Recreation management 

¶ Visual resource management 

¶ Hydrology management (e.g., waterpower/storage) 

 

The BLM management decisions presented above are to be in accordance with the multiple use 

mandate required by the Federal Land Policy and Management Act (FLPMA) of 1976. 

 

2.1  Climate 

 

The climate of the San Luis Valley and Taos Plateau is consistent with climate in high mountain 

desert settings, with substantial 24-hour temperature swings because of cold air drainage from 

the surrounding mountains. In the San Luis Valley, the mid-January high averages 34 °F while 

the low averages ï2 °F, and the mid-July high averages 83 °F while the low averages 37 °F. The 
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montane and alpine ecosystems experience much cooler weather than the valley and basins in the 

study area.  

 

Precipitation in the study area is strongly influenced by the surrounding mountains. The Sangre 

de Cristo mountain range is in the rain shadow of the San Juan Mountains and therefore 

somewhat drier. The higher elevation of the Sangre de Cristos receive 30 to 40 inches of 

precipitation per year mostly in the form of winter snow and to a lesser extent frequent afternoon 

showers in the summer. The precipitation in the foothills is about 12 inches while the valley floor 

gets only 7 inches per year and is considered a high desert. The higher elevations of the San 

Juan, Culebra, and Sangre de Cristo mountains receive 30 inches of precipitation a year mostly 

in the form of winter snows and to lesser extent afternoon showers during the summer months. 

The foothills receive 10 to 12 inches and the valley floor gets only 7 to 8 inches annually and is 

considered a high desert. The windward side of the mountain ranges, particularly the San Juan 

Mountains, receives a substantial amount of orographic precipitation, which is caused when air 

masses rise and subsequently cool, dumping their precipitation at higher elevations. This results 

in added rainfall on the lee side of the San Juan Mountains, in the higher elevations of the west 

side of the study area (USFWS 2012). Annual precipitation in Alamosa, CO and Taos, NM 

averages 7.31 and 12.8 inches per year, respectively (National Weather Service 2015).  
 

In the state of Colorado, annual average temperatures have increased by 2.0°F over the past 

30 years and 2.5°F over the past 50 years. Warming trends have been observed over these 

periods in most parts of the state. All climate model projections indicate future warming in 

Colorado. This projected future warming trend is expected to result in more frequent heat waves, 

droughts and wildfires will increase in frequency and severity in Colorado by the mid-21st 

century. State-wide in Colorado, average annual temperatures are projected to warm by +2.5°F 

to +5°F by 2050 relative to a 1971ï2000 baseline under a medium-low emissions scenario 

(RCP 4.5). Summer temperatures are projected to warm slightly more than winter temperatures. 

Typical summer temperatures by 2050 are projected under RCP 4.5 to be similar to the hottest 

summers that have occurred in past 100 years (Lukas et al. 2014).  
 

2.2  Ecological Resources 

 

The study area is known for its high ecological values. The San Luis Valley floor contains 

primarily grassland and shrubland, much of which has been converted to agricultural fields, 

while the hills surrounding the valley are forested. The wide variety of vegetation types includes 

intermountain basins dominated by semi-desert shrub-steppe communities interspersed with 

wetlands and riparian areas and piñon-juniper forests. The topography of this region consists of 

volcanic cones rising upwards of 2,000-4,000 feet from the plateau with oak and mixed conifer 

forests of ponderosa pine, douglas fir, white pine and aspen, and other foothill woodland 

communities. High elevation mountain ranges around the periphery of the study area support 

montane and subalpine forests. Many of the basin grassland and shrubland plants are drought 

resistant and tolerant of high soil salinity. These shrublands are characterized by an open to 

moderately dense assemblage of species including rubber rabbitbrush, greasewood, fourwing 

saltbush, shadscale, and winterfat. Slightly higher elevations contain desert scrub and shrub-

steppe habitats that have a significant cover of big sagebrush and/or sand sagebrush. Basin 

grasses include Indian ricegrass, alkali sacaton, western wheat grass, and blue grama 

(BLM 1991, 2012b; USFWS 2012). Typically, short grass and short-emergent species such as 
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sedges (Carex spp.), Baltic rush (Juncus balticus), and western wheat grass (Pascopyrum 

smithii) are also found.   

 

Networks of basin wetlands within the study area are formed from snowmelt in the surrounding 

mountains and provide important habitat for over 200 species of migratory waterfowl and 

shorebirds as well as other wildlife, including many threatened, endangered, and sensitive 

species (USFWS 2012). The study area also provides important habitat for big game wildlife 

species ï including bighorn sheep, elk, mule deer, and pronghorn ï and supports one of the 

largest elk herds in New Mexico (Smallidge et al. 2003). 

 

2.3  Hydrology 

 

The most important source of water in the upper Rio Grande basin results from snowmelt in the 

surrounding mountains (Rango 2006). There are many perennial streams and wetlands in the 

study area that are fed by runoff from the surrounding mountains. The valley floor in the center 

of the study area is underlain by unconfined (water table) and confined (artesian) groundwater 

aquifers. Groundwater discharge is recorded at approximately 100 springs on BLM lands in the 

San Luis Valley (BLM 1991). Agriculture represents the majority of the human water use in the 

study area and the Rio Grande Basin faces continued shortages associated with existing 

agricultural demands. By 2050, between 83,000 and 84,000 acres of farmland could be dried-up 

primarily due to urbanization and water transfers (Colorado Water Conservation Board 2011). 

 

Future climate warming in the study area is projected to generally reduce spring snowpack, cause 

earlier snowmelt and runoff, and increase the water use by crops, landscaping, and natural 

vegetation (Lukas et al. 2014). Projections of future hydrology based on the latest climate model 

outputs show decreases in annual streamflow by 2050 for the Rio Grande basin. The timing of 

snowmelt and peak runoff has shifted earlier in the spring by 1ï4 weeks across Coloradoôs river 

basins over the past 30 years, due to the combination of lower SWE (snow-water equivalent) 

since 2000, the warming trend in spring temperatures, and enhanced solar absorption from dust-

on-snow (Lukas et al. 2014).  

 

2.4  Cultural History  

 

The San Luis Valley and Taos Plateau also have a rich cultural history beginning with the Paleo-

Indian culture approximately 11,000 years ago (USDA 2014a). Native American use of the area 

was primarily nomadic, including hunting, gathering, trading, and other activities, and occurred 

throughout the region until the late 1800s. Spanish explorers first entered the area in the late 

1500s and land grants were established, but the area was largely unsettled until around 1850 

when the San Luis Valley became a territory of the United States. Agricultural potential and 

mining opportunities attracted settlers. Agriculture and stock-raising (sheep and cattle) remains a 

major base of the present economy (USDA 2014a).  
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3  SUMMARY OF METHODOLO GY 

 

3.1  Data Management 

 

Because most of the MQs addressed in this Landscape Assessment (LA) were spatial in nature 

(e.g., ñWhere is this particular feature?ò), many geospatial datasets were reviewed, compiled, 

and considered for analysis. The majority of the data considered for this LA were handled in 

accordance with the BLMôs Data Management Plan (DMP). Over 250 datasets were collected 

and reviewed for the LA, and over 150 datasets were ultimately used as inputs in analyses for the 

San Luis Valley-Taos Plateau LA. In addition, there were many derived datasets generated 

through the evaluation of input data. The inventory of source input data and derived data in the 

LA are presented in Appendix C.  

 

The analytical extent of the LA study area was the outer boundary of all 5
th
 level hydrologic 

units (HUCs) that intersected the Level IV Ecoregion boundary of the San Luis Valley ï Taos 

Plateau (Figure 4). For the most part, results were summarized to 1 km
2
 reporting units, so the 

analytical extent was further refined to include complete 1 km
2
 reporting unit grids that 

intersected the edge of the 5
th
 level HUCs. All datasets were clipped to this extent and re-

projected, if necessary, to a common projection system (USA Contiguous Albers Equal Area 

[USGS Version]). Prior to delivery to the BLM National Operations Center (NOC), all spatial 

data were standardized into ArcGIS File Geodatabase (for vector data) and raster file formats 

using a folder structure per DMP specifications. 

 

All datasets required development of Federal Geographic Data Committee (FGDC) compliant 

metadata per DMP specifications. FGDC compliant metadata was created by Argonne National 

Laboratoryôs Environmental Science Division (Argonne) staff and BLM staff for all datasets 

created for or derived from this LA. For source data, the source metadata were used. However, 

FGDC metadata for some source datasets were incomplete or not available. In those cases, 

Argonne worked with BLM to provide metadata to achieve DMP standards. Because Argonne 

and BLM were not the originators of many of the source input datasets, it was not possible ï nor 

was it appropriate in some cases ï for the groups to completely populate all source metadata 

fields.  

 

Maps reported in this LA were displayed at a scale of the entire study area (e.g., 1:1,250,000). 

Maps that depict source input data were displayed using native resolution (e.g., 30 or 90 m raster 

pixels). Data derived from process models and other data derived from the evaluations in this LA 

were summarized to one or more of the following reporting units prior to display in the final 

report: 1 km
2
, 4 km

2
, or HUC10 or HUC12 boundaries. The default reporting unit size selected 

for this LA was 1 km
2
. When possible, model output was summarized to the 1 km

2
 reporting 

units. However, in some cases where source input data were coarser than 1 km
2
 (such as for 

climate data) derived model outputs were summarized to either 4 km
2
 reporting units or HUC 

boundaries, as appropriate.  

 

The geoprocessing framework to evaluate the data involved the use of several ArcGIS ArcTools, 

ArcGIS ModelBuilder models, and python scripts. These tools, models, and scripts were 

developed to provide a user-friendly means for the analyses to be repeated or to be re-run using 
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different input datasets. All custom tools, models, and scripts were delivered to the BLM NOC 

per DMP requirements.  

 

3.2  Models, Methods, and Tools 

 

This section discusses in greater detail development of ecological conceptual models, 

geoprocessing models to evaluate the data, the landscape intactness modeling process, and the 

change agent modeling processes.  

 

3.2.1  Conceptual Models 

 

Conceptual models are useful in highlighting important ecosystem components and interactions 

that may be used to inform land management decisions (DiGennaro et al. 2012). The conceptual 

models developed for this LA illustrated the interactions (actual or potential) between 

Conservation Elements (CEs), the biophysical properties of the environment, and Change Agents 

(CAs). Conceptual models developed for this LA consisted primarily of box and arrow diagrams 

that show the relationships and mechanisms of their interactions. Two types of conceptual 

models were prepared and guided by the scientific literature: (1) an overarching general 

ecosystem-based model for the entire ecoregion and (2) individual conceptual models for each 

ecological CE (ecological systems and focal species).  

 

The general ecosystem-based model (Figure 3-1) presents the interaction between CAs and CEs 

and the climatic and physiographic setting of the region. The four primary CAs evaluated in this 

LA are shown in the red box. The broader ecological systems CEs are separated into terrestrial 

(green box) and aquatic (blue box) systems. Focal species CEs are listed in the primary 

ecological systems they inhabit. Focal species CEs may inhabit more than one ecological system. 

For example, within the LA study area, shorebirds may inhabit riparian and wetland systems as 

well as grassland and shrubland systems.  

 

In addition to the general ecosystem-based conceptual model shown in Figure 3-1, individual 

CE-specific conceptual models were developed to more specifically identify and depict the 

interactions between individual CEs, CAs, and the regionôs biophysical settings. All CE-specific 

conceptual models are provided in Appendix B. An example conceptual model for the basin 

grassland and shrubland ecological system is provided in Figure 3-2. The basin grassland and 

shrubland system is an aggregation of several grassland and shrubland vegetation communities 

that occur in the study area. Many of the basin grassland and shrubland plants within these 

communities are drought resistant and tolerant of high soil salinity. These shrublands are 

characterized by an open to moderately dense assemblage of species including rubber rab-

bitbrush, greasewood, fourwing saltbush, shadscale, and winterfat. Also present in these 

communities are yucca, cactus, and various grasses. Slightly higher elevations contain desert 

scrub and shrub-steppe habitats that have a significant cover of big sagebrush and/or sand sage-

brush. Grasses in these areas include Indian ricegrass, alkali sacaton, western wheat grass, and 

blue grama (USFWS Complex 2012).  

 

Multiple disturbances have affected the distribution and ecological function of the basin 

grassland and shrubland assemblage. Human activities such as urban and rural development, 



San Luis Valley ς Taos Plateau Landscape Assessment October 2016 
 

21 

energy development, agriculture, grazing, and recreation have affected this system. Climatic 

events such as periods of excessive moisture (Sturges and Nelson 1986) as well as long droughts 

impact this assemblage and related species (Anderson and Inouye 2001). The Aroga moth 

(Aroga websteri) and leaf beetles (Trirhabda pilosa) have been observed to cause sagebrush 

mortality in other regions (Pringle 1960, Gates 1964). Other disturbances such as burning or 

mechanical removal of this community can also promote invasive grasses altering the system 

even further (Bryce et al. 2012). Heavy grazing can increase soil water losses and reduce the 

biomass of deep roots (CNHP 2005). 

 

Wildf ire frequency and seasonality of wildfire is important. Sagebrush generally responds 

favorably to spring fires, but fall fires tend to cause significant mortality in sagebrush. Recovery 

of big sagebrush after fire is slow. Fire suppression and livestock grazing have significantly 

degraded this ecological system (NatureServe 2009). Fire suppression in grasslands can lead to 

conversion to shrub lands (CNHP 2005).   

 

Grazing continues to be widespread in these grasslands, with cheatgrass and other species 

expanding into areas where native grasses die out (Colorado Partners In Flight 2000). Extensive 

amounts of land are also being converted to agricultural production (grazing and cultivated crop 

production). Once these ecosystems are converted, there is only limited potential for conversion 

back to native grasslands, either mechanically or by removal of livestock (Land Use History of 

North America 2014). Although conversion back to native grasslands depends on the current use 

(e.g., cultivated crop production vs. grazed pasture), the challenges of restoring native grasslands 

are further complicated by changes in soil chemistry, soil physical properties, hydrology, 

invasive species, and water quality and availability. 
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Figure 3-1.  General ecosystem-based Conceptual Model for the San Luis Valley ï Taos Plateau Level IV Ecoregion.
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Figure 3-2.  Conceptual model for the Basin Grassland and Shrubland Ecological System Conservation Element. Additional 

CE-specific conceptual models are provided in Appendix B.
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3.2.2  Geoprocessing Models 

 

The conceptual models were used to inform the fundamental relationships between resources and 

change agents that were used to address Management Questions (MQs). Geoprocessing models 

were used to graphically display the data used and the GIS analyses implemented. In most cases, 

the geoprocessing models were developed using ArcGIS ModelBuilder (v. 10.2), which provided 

a graphical display of the data and processing steps, as well as a means to implement the 

geoprocesses by executing the models through ArcGIS. Some MQs required a series of 

geoprocessing steps and therefore required rather large geoprocessing models. Other MQs were 

addressed without the need for geoprocessing models. An example geoprocessing model is 

shown in Figure 3-3, which illustrates how the union of Colorado NWI wetlands and New 

Mexico NWI wetlands was used to generate an overall NWI wetlands dataset for the study area. 

 

 
Figure 3-3.  Example geoprocessing model to union wetland datasets in Colorado and New 

Mexico. 

 

 

3.2.3  Landscape Intactness Modeling 

 

One important model that was developed to assist in the evaluation of CE status and trends is the 

Landscape Intactness Model. This model builds on a growing body of existing methods that aim 

to characterize ecological integrity across landscapes (Theobald 2001, 2010, 2013; Leu et al. 

2008; Comer and Hak 2012). The landscape intactness modeling approach used in this 

Landscape Assessment incorporated regionally available spatial data on human development and 

landcover change to characterize intactness of natural systems as a function of the degree of 

human modification across the landscape.  

 

General landscape intactness modeling approaches involve the parameterization of indicators 

used to score the level of human influence in the ecosystem. This scoring system is quantified as 

a degree of human modification, h, which is often represented as a function of human 

modification intensity and the spatial influence of the human activity (Brown and Vivas 2005; 

Woolmer et al. 2008; Theobald 2013), but it is also regarded as a site impact score. The goal of 

these modeling efforts is to spatially characterize landscape intactness along a relative continuum 

ranging from low human modification to high human modification. 
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Indicators and their scores were selected for the Landscape Intactness Model based upon 

knowledge of their amount and distribution in the study area and understood level of impact to 

natural systems. Estimates of the degree of human modification, h, from previous modeling 

efforts (e.g., Brown and Vivas 2005; Woolmer et al. 2008; Theobald 2013) were used to 

parameterize the site impact scores for each indicator in this model. The Landscape Intactness 

Model for this LA consists of a site impact score of human land uses (ranging from 0.015 to 

0.95), reflecting the relative level of ecological stress or impact. Values close to 1.0 imply 

relatively little ecological impact from the land use. For example, recently logged areas are given 

a relatively high site impact score (0.7) compared to cultivated agriculture (0.35) or high-density 

urban development (0.015). This range of values (0 to 1) is similar to the range of values 

modelled in previous landscape modeling efforts (e.g., Brown and Vivas 2005; Woolmer et al. 

2008; Comer and Hak 2012; Theobald 2013). 

 

Proximity to human modifications is a fundamental driver of landscape ecological condition 

(e.g., Theobald 2013). Habitat quality and use by wildlife generally decreases with proximity to 

human developments. For example, Rowland et al. (2000) found there was a measurable decline 

in elk habitat use up to 1.8 km (1.1 mi) away from roadways. Other example effects of proximity 

to human development on wildlife and habitat are provided in Table 3-1. Most reported effects 

to wildlife have been observed within 4 km (2.5 mi) from human development (Table 3-1), 

although there are fewer reports of effects occurring at greater distances. For this reason, the 

Landscape Intactness Model was parameterized with a maximum distance of influence of 4 km 

(Table 3-2). For comparison purposes, a maximum distance of 2 km was utilized in the 

Landscape Condition Model for the BLMôs Mojave Basin and Range REA (Comer et al. 2013a). 

 

Table 3-1.  Example effects of proximity to human developments on wildlife and habitat. 

Ecological 

Attribute  Indicator  

Distance 

(km) Measured Response Citation 

Elk habitat Distance to 

roads 

1.8 Elk habitat use decreased up to 

1.8 km from roadways 

Rowland et al. (2000) 

Elk habitat Distance to 

human 

disturbances 

3 Elk may avoid habitats within 3 

km from human disturbances 

Preisler et al. (2006), 

Naylor et al. (2009) 

Elk habitat Distance to 

roads 

>4 Elk habitat use is greatest at 

distances >4 km away from roads 

Montgomery et al. 

(2013) 

Mule deer 

habitat 

Distance 

from natural 

gas wells 

3.7 Lower predicted probability of 

habitat use up to 3.7 km away 

from natural gas well 

developments 

Sawyer et al. (2006) 

Bighorn sheep 

observations 

Distance to 

roads 

>0.5 Bighorn sheep observations 

greatest at distances >500 m 

away from roads 

Papouchis et al. (2001) 

Elk habitat Distance to 

human 

recreation 

NA Elk habitat use increases with 

increasing distance from human 

recreational areas 

Zeigenfuss et al. 

(2011) 

Sage grouse Distance to 

energy 

development 

3.2 Negative effects of energy 

development on sage grouse lek 

attendance and persistence within 

3.2 km 

Walker et al. (2007) 
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Table 3-2.  Landscape Intactness Model impacting factors, site impact scores, and distance 

decay scores for the San Luis Valley ï Taos Plateau Landscape Assessment.
1
 

Human Land Use or Impact Factor 

Site Impact 

Score
2
 

Presumed 

Relative 

Stress
3
 

Distance 

of 

Influence 

(m)
4
 

Function
5
 

Transportation         

Dirt roads, OHV trails 0.75 Low 500 linear 

Local roads 0.3 Medium 1000 logistic 

Primary highways 0.015 High 4000 logistic 
      

Urban and Industrial Development         

Low density development (including rural 

development) 

0.6 Medium 1000 logistic 

Medium density development 0.35 Medium 2000 logistic 

High density development 0.015 High 4000 logistic 

Communication Towers 0.6 Low 200 linear 

Powerlines / transmission lines 0.6 Low 200 linear 

Mines and oil/gas well pad locations  0.2 High 1000 logistic 

Urban Polygons (BLM and U.S. Census Bureau) 0.015 High 4000 logistic 

High Impervious Surfaces (NLCD Imperv > 40% 

developed imperviousness) 

0.3 Medium 500 logistic 

Urban Lights (NASA Night Lights > 200) 0.05 High 4000 logistic 
      

Managed and Modified Land Cover         

Low agriculture and invasives (ruderal forest, 

recently burned, recently logged, etc) 

0.7 Low 500 linear 

Pasture (landcover) 0.7 Low 500 linear 

Grazing allotment polygons 0.7 Low 500 linear 

Introduced vegetation 0.6 Medium 500 linear 

Cultivated agriculture 0.35 Medium 2000 linear 

1 Modeling approach and parameters are adopted from the Landscape Condition Model prepared for the Mojave Basin and 

Range Rapid Ecoregional Assessment (Comer et al. 2013a). 
2 Site Impact Score ranges between 0 and 1 and provides an indication of presumed ecological stress or impact. Lower values 

(closer to 0) indicate a greater site impact. Values adopted from previous modeling efforts by Brown and Vivas (2005), 

Woolmer et al. (2008), Comer and Hak (2012), and Theobald (2013). 
3 Presumed relative stress indicates the level of influence the impacting factor has relative to other impacting factors. For 

example, high-density developments such as urban areas have the highest relative stress scores.  
4 Distance of influence is the minimum distance at which intactness values approach 1.0. Values adopted from previous 

modeling efforts by Comer and Hak (2012), which described the methodology for completing the Landscape Condition 

Model for the BLM Mojave Basin and Range REA (Bryce et al. 2012). 
5 Distance decay functions for impacting factors with low or medium relative levels of stress were evaluated with linear or 

logistic functions. Distance decay functions for impacting factors with high relative levels of stress were evaluated with 

logistic functions.  
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To characterize the influence of proximity to human modifications on ecological intactness, each 

input data layer for the Landscape Intactness Model was parameterized with a distance decay 

function that expressed a decreasing ecological impact with distance away from the mapped 

location of the feature (Table 3-2). This process involved the use of Euclidean Distance mapping 

tools and other geoprocesses (e.g., raster calculator) to spatially represent the functional 

relationship between intactness value and distance away from the human land use indicator. 

Those features with a smaller distance of influence result in a map surface where the impact 

dissipates within a relatively short distance. Values for each layer approach 1.0 at the distance of 

influence, symbolizing an area of negligible impact. An example logistic functional relationship 

for major roadways is provided in Figure 3-4.  

 

For comparability with results of other change agent models, landscape intactness model results 

were normalized along a scale ranging between -1 and 1, where modeled values of 0 correspond 

to normalized values of -1 and modeled values of 1 correspond to normalized values of 1. All 

values between -1 and 1 were estimated based on the linear relationship between the minimum 

and maximum values. For this LA, the landscape intactness model was developed using datasets 

for existing development (i.e., ñcurrent landscape intactness modelò) and for a near-term (i.e., 

2015-2030) future timeframe using spatial data that project potential future human development. 

Inputs for the current landscape intactness model, which utilizes existing data and parameters, 

are presented in Table 3-2. For purposes of this LA, the normalized intactness values were 

summarized to 1 km
2
 reporting units by calculating the average continuous intactness value 

within reporting units. For final map reporting, results were categorized based on equal intervals 

of intactness values within reporting units within six categories ranging from very low intactness 

to very high intactness. The histogram of summarized intactness values with equal interval 

breakpoints used to determine categories is shown in Figure 3-5. The resulting current 

Landscape Intactness Model, summarized to 1 km
2
 reporting units, is shown in Figure 3-6. The 

near-term future (e.g., 2015-2030) landscape intactness model, summarized to 1 km
2
 reporting 

units, is shown in Figure 3-7.  

 

 
Figure 3-4.  Distance decay functions for the three types of roadways (primitive, local, and 

major) evaluated in the development of the Landscape Intactness Model. Refer to Table 3-2 

for model parameterization.  
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(a) Current Landscape Intactness 

 
 

(b) Near-term Future Landscape Intactness 

 
 

Figure 3-5.  Histogram and breakpoints used to assign intactness categories for the 

(a) current landscape intactness model and (b) near-term future landscape intactness 

model. Breakpoints correspond to the following intactness categories: Very Low (<-0.666), 

Low (-0.666 ï -0.333), Moderately Low (-0.333 ï 0), Moderately High (0 ï 0.333), High 

(0.333 ï 0.666), and Very High (>0.666). 
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Figure 3-6.  Current and Near-term Future Landscape Intactness Model for the San Luis Valley-Taos Plateau Level IV 

Landscape Assessment (Argonne 2014). Landscape intactness is summarized to 1 km
2
 reporting units and categorized from 

very low intactness (dark blue) to very high intactness (dark green).
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3.2.4  Climate Change Modeling 

 

 There has been unequivocal warming of the Earthôs climate since the 1950s, as observed 

in the warming of the Earthôs atmosphere and oceans, diminishing snow and ice, and sea level 

rise. In the Fifth Assessment Report (AR5), the Intergovernmental Panel on Climate Change 

(IPPC 2014) concluded that it is extremely likely that most of the observed changes in the 

Earthôs climate since 1950 was caused by human activities (e.g., increases in greenhouse gas 

emissions). There have been several studies that have examined bioclimatic effects of climate 

change in predicting landscape-level changes in the distribution of vegetation communities and 

animal species in response to climate change (e.g., USFS 2012; van Riper et al. 2014). For 

example, the U.S. Forest Service (2012) estimated that, by the end of this century, approximately 

55% of future landscapes in the western U.S. will likely have climates that are incompatible with 

current vegetation types on those landscapes. 

 

Warming trends have been observed in the states of Colorado and New Mexico over the 

past 50 years. For example, annual average temperatures in the state of Colorado have increased 

by 2.0°F over the past 30 years and 2.5°F over the past 50 years (Lukas et al. 2014). Climate 

model projections indicate that these temperature increases are likely to continue into the future. 

This projected future warming trend is expected to result in more frequent heat waves, droughts 

and wildfires will increase in frequency and severity in Colorado by the mid-21st century. State-

wide in Colorado, average annual temperatures are projected to warm by +2.5°F to +5°F by 2050 

relative to a 1971ï2000 baseline under a medium-low emissions scenario (Representative 

Concentration Pathway (RCP) 4.5). Summer temperatures are projected to warm slightly more 

than winter temperatures by 2050 (Lukas et al. 2014). 

 

Climate change models used in various assessments and applications involve the 

downscaling of mathematical atmospheric general circulation models (GCMs) coupled with 

simulations of local/regional climate characteristics. Such climate models have been developed 

for the western United States (including this LA study area) to predict the implications of future 

climate change, including but not limited to: 

 

¶ The role of climate change in the future range of reptiles and bird species (van Riper 

et al. 2014). 

 

¶ The role of climate change in mountain snowmelt timing and volume with 

implications for water demand and availability in the Upper Rio Grande Basin (Lukas 

et al. 2014; Elias et al. 2015). 

 

For this LA, current climate change and potential for future climate change were based on an 

evaluation of seasonal changes in precipitation and temperature. Data from the PRISM Climate 

Group (http://www.prism.oregonstate.edu/) were used to characterize the historic and current 

climate of the Western United States (historic period: 1905-1934; current period: 1981-2010). 

Current climate change was evaluated by calculating the absolute difference between current and 

historic seasonal temperature and precipitation values. PRISM mean monthly precipitation and 

temperature values correspond to mean monthly values provided in the IPCC (International 

Panel on Climate Change) AR4 GCM simulation results. Therefore, an ensemble average of 

http://www.prism.oregonstate.edu/
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IPCC A1B (characterized by very rapid economic growth, global population that peaks in mid-

century and declines thereafter, and the rapid introduction of new and more efficient 

technologies that are balanced across all sources) emission scenarios was used to characterize 

long-term future climatic conditions (2040ï2069). Results of the IPCC A1B scenarios were 

statistically downscaled to a 2.5-minute grid (approximately 4-km grid), as described by Garfin 

et al. (2010). PRISM data were obtained from the PRISM Climate Group at Oregon State 

University (http://prism.oregonstate.edu/). Results for the A1B scenario were obtained from The 

National Center for Atmospheric Research Community Climate System Model 

(https://gisclimatechange.ucar.edu/).  

 

The process models describing the geospatial characterization of current and future climate 

change are shown in Figures 3-7 and 3-8, respectively. The process involves the calculation of 

absolute differences in seasonal precipitation and temperature. The resulting absolute differences 

were then summarized to the 1 km
2
 reporting units (average) and normalized along a scale of -1 

to 1 based on minimum and maximum thresholds. Values closest to -1 correspond to areas with 

relatively less change in temperature or precipitation, whereas values closest to 1 correspond to 

areas with relatively greater change in temperature or precipitation. A single operation was then 

applied to determine the minimum of all normalized values at each 1 km
2
 reporting unit, which 

resulted in a single overall measure of current climate change. For final map reporting, results 

were categorized based on equal intervals of normalized climate change values within reporting 

units within five categories ranging from very low climate change potential to very high climate 

change potential. The future climate change model was developed in a similar manner using 

30-year period average IPCC A1B estimates for the period 2040-2069 compared to PRISM 

estimates for the current period (1981-2010). The histogram of summarized normalized climate 

change values with equal intervals used to determine categories is shown in Figure 3-9.  

 

The resulting current climate change model, summarized to 1 km
2
 reporting units, is shown in 

Figure 3-10. The long-term future (e.g., 2040-2069) potential climate change model, 

summarized to 1 km
2
 reporting units, is shown in Figure 3-11. These modeling results indicate 

the relatively greater change in current climate (in terms of changes in temperature and 

precipitation) in the montane regions along the periphery of the study area. These montane areas 

are also expected to experience relatively greater amounts of future climate change. These 

changes in montane climate have implications for mountain snowpack accumulation and runoff, 

which could affect hydrologic processes and functions at downgradient basin locations 

(Lukas et al. 2014; Elias et al. 2015). However, this LA did not model how climate change in 

higher elevation regions would alter ecosystem functions and processes in lower elevation 

systems. Although this assessment indicated relatively greater current and future climate change 

in montane regions, the vulnerability of other downgradient systems (e.g., basin wetlands and 

aquatic systems) to climate change is likely higher due to the top-down effects of changes in 

precipitation and temperature in higher elevations.

http://prism.oregonstate.edu/
https://gisclimatechange.ucar.edu/
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Figure 3-7.  Process model for the characterization of current climate change. The current climate change model was 

developed using PRISM monthly averages in precipitation and temperature over a 30-year current period (1981-2010) 

compared to a historic reference period (1905-1934).   
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Figure 3-8.  Process model for the characterization of long-term future climate change. The future climate change model was 

developed using 30-year period average IPCC A1B estimates for the period 2040-2069 compared to PRISM estimates for the 

current period (1981-2010).  
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(a) Current Climate Change 

 
 

(b) Long-term Future Climate Change 

 
 

Figure 3-9.  Histogram and breakpoints used to assign categories (a) current climate 

change and (b) long-term future climate change. Breakpoints correspond to the following 

categories used to describe potential for climate change: Very Low, Low, Moderate, High, 

and Very High.
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Figure 3-10.  Current (1981-2010) change in climate (precipitation and temperature) for 

the San Luis Valley-Taos Plateau Level IV Landscape Assessment (Argonne 2014). 
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Figure 3-11.  Long-term future (2040-2069) climate change potential for the San Luis 

Valley-Taos Plateau Level IV Landscape Assessment (Argonne 2014).
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3.2.5  Human Development Intensity Modeling 

 

 The models developed to spatially characterize the current and near-term future 

distribution and intensity of human developments within the LA study area utilized datasets 

relevant to human activities ï impervious surfaces such as roads and urban areas, areas of human 

activity such as agricultural areas (including grazing), and areas of current and potential energy 

development. Because these datasets and the process used to evaluate them is fundamentally 

similar to the approach used to characterize current and future landscape intactness 

(Section 3.2.3), the landscape intactness model was used as a measure of human development. 

To characterize human development, landscape intactness model values were inverted such that 

low normalized values (i.e., those values closer to -1) represented areas of low human 

development and high normalized values (i.e., those values closer to 1) represented areas of high 

human development. The histogram of the inverted normalized values was inspected to assign 

human development intensity categories at the following breakpoints (Figure 3-12): Very Low 

(<-0.60), Low (-0.60 - -0.20), Moderate (-0.20 ï 0.20), High (0.20 ï 0.60), and Very High 

(>0.60). The resulting maps of current and near-term future human development intensity are 

shown in Figure 3-13 and Figure 3-14, respectively.  

 

 

 
Figure 3-12.  Histogram and breakpoints used to assign categories of current human 

development intensity. The same breakpoints were used to assign categories for near-term 

future human development intensity.
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Figure 3-13.  Current human development intensity modeled for the San Luis Valley-Taos 

Plateau Level IV Landscape Assessment (Argonne 2014). 
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Figure 3-14.  Near-term future (2015-2030) human development intensity modeled for the 

San Luis Valley-Taos Plateau Level IV Landscape Assessment (Argonne 2014).
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3.2.6  Invasive Species, Insects, and Disease Modeling 

 

 Multiple exotic and invasive species have become established in the San Luis Valley ï 

Taos Plateau study area. Priority invasive species in the study area include the following (from 

USFS 2008): 

 

¶ Yellow toadflax 

¶ Russian knapweed 

¶ Black henbane 

¶ Cheatgrass (downy brome) 

¶ Leafy spurge 

¶ Oxeye daisy 

¶ Tall and short white top 

¶ Canada thistle 

¶ Musk thistle 

¶ Tamarisk 

¶ Russian olive 

¶ Leafy spurge 

¶ Eurasian milfoil

 

Several of these species, such as cheatgrass and tamarisk, are known to alter ecosystem 

processes, such as fire regimes and hydrologic processes; they have the potential to expand their 

distribution in spite of human and natural disturbances and to adapt and shift their range in 

response to climate change. Invasive vegetation often out-competes native species by using soil 

nutrients and water at a greater rate or earlier in the season and regularly producing greater 

biomass (DeFalco et al. 2007). 

 

In addition to invasive species, forest communities in the study area may become plagued by the 

presence of insect pests and diseases. Through the U.S. Forest Service National Forest Health 

Monitoring Program (USDA 2014b), data have been collected on the presence of insects and 

disease within the National Forests. In the study area, the most common insect pests recorded 

within the Carson and Rio Grande National Forests include spruce beetle (Dendroctonus 

rufipennis), western spruce budworm (Choristoneura occidentalis), Douglas-fir beetle 

(Dendroctonus pseudotsugae), tent caterpillar (Malacosoma spp.), and western balsam bark 

beetle (Dryocoetes confusus). The spruce beetle has become an increasingly dominant threat to 

spruce communities throughout North America by causing significant high mortality in mature 

high-elevation spruce forests.  

 

Accurately mapping the full distribution of major invasive vegetation species and areas of forest 

insect and disease infestations is challenging due to the lack of survey effort across broad regions 

and the difficulty in using remote sensing to develop accurate land cover classifications. In 

addition, invasive species, insects, and diseases may be difficult to detect where they are co-

dominants, present in the understory, or if vegetation has not shown symptoms of the presence of 

insects or disease.  

 

The invasive species, insects, and disease (IID) change agent models were developed to 

(1) characterize the currently-known distribution of IIDs and (2) model the near-term future 

potential distribution of IIDs within the San Luis Valley ï Taos Plateau study area. Based on 

available spatial data, modeling was focused on exotic and invasive vegetation and USFS Forest 

Health survey locations within the Carson and Rio Grande National Forests. 
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3.2.6.1  Current Invasive Species, Insects, and Disease Distribution 

 

Available spatial datasets on current invasive species, insects, and disease distributions were 

used to characterize the current spatial distribution of IIDs in the study area. The following five 

datasets were used: LANDFIRE Existing Vegetation Type (v1.2), LANDFIRE Successional 

Class (v1.1), SWReGAP Landcover types, vector polygons from the San Luis Valley Public 

Lands weed infestation inventories, and USFS Forest Health survey locations that documented 

the presence of forest insects and disease. To create the current distribution map, invasive 

vegetation classes were extracted from remote sensing datasets (e.g., LANDFIRE Existing 

Vegetation Types, LANDFIRE Succession Classes, and SWReGAP Landcover types). The 

results of remotely sensed exotic/invasive vegetation were then merged with the distribution of 

San Luis Valley Public Lands weed infestation inventories and the USFS Forest Health survey 

locations to represent the distribution of IIDs throughout the study area. These datasets likely 

underestimate the total distribution of IIDs, because the methodology used to create the input 

datasets relied mostly on remotely-sensed imagery or aerial surveys and required dominance of a 

site by IIDs to be detectable. Where these IIDs occur as less dominant components of the 

vegetation community, they may expand and dominate quickly due to disturbance, land use, and 

climate change. The process diagram for the current invasive species distribution is shown in 

Figure 3-15.  

 

The result of the current invasive species, insects, and disease distribution model is shown in 

Figure 3-16. Model results were summarized to the 1 km reporting units, where current invasive 

species distribution is represented by a measure of density within the reporting units symbolized 

along a scale from very low IID density (green) to very high IID density.
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Figure 3-15.  Process model to characterize current distribution of invasive species, insects, and disease.
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Figure 3-16.  Current distribution of invasive species, insects, and disease (IID) modeled for 

the San Luis Valley-Taos Plateau Level IV Landscape Assessment (Argonne 2014).   
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3.2.6.2  Near-Term Future Invasive Species, Insects, and Disease Potential  

 

The model of future risk of exotic species invasion and insect and disease infestation to forest 

communities followed the methodology of previous landscape modeling efforts (e.g., Leu et al. 

2008). A general model was first developed to predict the potential spread of exotic species as 

related to proximity to anthropogenic features. For example, roads may directly promote exotic 

plant establishment via vehicle dispersal (Schmidt 1989) or disturbance during road construction 

and maintenance (Tyser and Worley 1992, Parendes and Jones 2000, Safford and Harrison 

2001). In Californian serpentine soil ecosystems several exotic plant species were found up to 

1 km from the nearest road (Gelbard and Harrison 2003), and Russian thistle (Salsola kali), an 

exotic forb growing along roads, was wind-dispersed over distances >4 km (Stallings et al. 

1995). Roads may also indirectly promote exotic plant establishment via seeding along road 

verges or in disturbed areas near roads as a management strategy to control the establishment of 

less desirable exotic grass species (Evans and Young 1978). Last, human populated areas and 

agricultural areas (Vitousek et al. 1997) act as conduits of exotic plant invasion.  

 

The exotic species invasion model was adopted from previous invasive species modeling 

approaches (e.g., Leu et al. 2008) and follows the approach used in developing the landscape 

intactness model. The model integrates data on the existing distribution of invasive vegetation in 

the study area along with data on anthropogenic features and human land uses that may facilitate 

the spread of invasive species. The result of the current invasive species distribution (above) was 

used as input to this model.  

 

The exotic species invasion risk model consists of a risk value along a continuum between -1 and 

1, reflecting the risk of invasion. Values close to 1 imply a relatively high risk of exotic species 

invasion, whereas values close to -1 imply a low risk. The exotic species invasion risk model 

included 21 datasets from three human land use categories (transportation, urban and industrial 

development, and modified land cover types) (Table 3-3). Each dataset was assigned to either a 

moderate or high exotic plant invasion risk class. Areas of greater human activity were assigned 

to the high risk class and areas of lower human activity were assigned to the moderate risk class. 

For example, urban areas and major roadways were assigned to the high risk class and unpaved 

roads and agricultural areas were assigned to the moderate risk class. Human land-use input data 

for the invasive probability model are listed in Table 3-3. 

 

Similar to the landscape intactness model, a distance decay function was applied to the input data 

for the exotic species invasive model to model the effect of distance away from the mapped 

human land-use datasets. This process involves the use of Euclidean Distance mapping tools and 

other geoprocesses (e.g., raster calculator) to spatially represent the functional relationship 

between exotic species invasion risk and distance away from human land uses. For purposes of 

modeling the exotic species invasion risk, two different linear distance decay functions were 

applied: one for land-uses with high risk of invasion and one for land-uses with moderate risk of 

invasion (Figure 3-17). A maximum distance of 1.5 km was applied as the maximum distance at 

which human land-uses influence the risk of invasion. 
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Integrating the mapped distance decay results for all human land uses, the resulting exotic 

species invasion risk model is a map surface indicating relative risk of invasion across the study 

area.  

 

It was assumed that the current distribution of forest insects and diseases would also be a suitable 

predictor of their future distribution. Therefore, the USFS Forest Health survey areas were 

integrated into the final future exotic species invasion risk model to illustrate the predicted future 

distribution of invasive species, insects, and disease (Figure 3-18). The current and potential 

future distributions of invasive species, insects, and disease were characterized by categorizing 

current densities and future risk of invasion into 4 ordinal classes (very low, moderate-low, 

moderate-high, very high).  

 

Table 3-3.  Future Exotic Species Invasion Risk Model Input Human Land-Use Data and 

Risk Classes for the San Luis Valley ï Taos Plateau Landscape Assessment.
1
 

Human Land Use or Impact Factor Risk Class
2
 

Risk 

Value
3
 

Transportation     

Dirt roads, OHV trails Moderate 0.6 

Local roads High 0.95 

Primary highways High 0.95 
  

  

Urban and Industrial Development     

Low density development (including rural development) Moderate 0.6 

Medium density development High 0.95 

High density development High 0.95 

Communication Towers Moderate 0.6 

Powerlines / transmission lines Moderate 0.6 

Mines and oil/gas well pad locations  Moderate 0.6 

Urban Polygons (BLM and U.S. Census Bureau) High 0.95 

High Impervious Surfaces (NLCD Imperv > 40) High 0.95 

Urban Lights (NASA Night Lights > 200) High 0.95 

Wildland-Urban Interface (WUI)  High 0.95 

Urban Development Risk ï High and Moderate Risk High 0.95 

Urban Development Risk ï Low Risk Moderate 0.6 

Potential for Solar Development (SEZs) High 0.95 
  

  

Managed and Modified Land Cover     
Low agriculture and invasives (ruderal forest, recently burned, recently 

logged, etc) 
Moderate 0.6 

Pasture (landcover) Moderate 0.6 

Grazing allotments with degraded habitat quality Moderate 0.6 

Introduced vegetation High 0.95 

Cultivated agriculture Moderate 0.6 

1 Modeling approach adopted from Leu et al. (2008). 
2 Two risk classes considered (moderate and high). Risk was considered ñhighò in areas of more intense 

human activity or in areas of current introduced/exotic vegetation. Risk was considered ñmoderateò in 

areas of lower human activity. 
3 The risk value was determined based on risk class (ñhighò = 0.95, ñmoderateò = 0.6).  



San Luis Valley ς Taos Plateau Landscape Assessment October 2016 

48 

 
Figure 3-17.  Distance decay functions for human land use datasets categorized by 

moderate risk classes and high risk classes to develop the future exotic species invasion risk 

model.
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Figure 3-18.  Near-term future distribution of invasive species, insects, and disease (IID) 

modeled for the San Luis Valley-Taos Plateau Level IV Landscape Assessment (Argonne 

2014).  
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3.2.7  Wildfire Modeling  

 

Wildfire size, severity, and length have increased in recent years, largely due to effects from 

climate change, forest disease outbreaks, and spread of invasive species (Holden et al. 2007; 

Jolly et al. 2015). The distribution of historic and current fire occurrences was modeled from a 

process model. Input datasets characterized the location and size of historic fires in the study area 

and were obtained from several sources (Table 3-4), including the Geospatial Multi-Agency 

Coordination (GEOMAC), BLM, and USGS (LANDFIRE v1.20). The process model to 

characterize the historic and current distribution of wildfires is shown in Figure 3-19. The input 

datasets were summarized to the 1 km
2
 reporting units and normalized along a scale of -1 to 1, 

where values closer to -1 indicated areas of low fire density and values closer to 1 indicated areas 

of high fire density. The resulting datasets were combined and the minimum normalized density 

value was calculated for each 1 km
2
 reporting unit to determine the historic-current distribution 

of wildfire in the study area. Model results were then classified into one of five categories to 

describe fire density: Very Low, Low, Moderate, High, and Very High. The mapped model 

results for historic-current fire density is shown in Figure 3-2-0. 

Table 3-4.  Input datasets used to characterize the historic-current distribution of wildfire 

in the study area. 

Source Description 

BLM Fire locations in the study area (points) 

 

GEOMAC Fire locations in the study area (points) 

 

USGS 

(LANDFIRE 1.20) 

 

LANDFIRE Disturbances (raster) 

GEOMAC Fire perimeters in the study area (polygons) 

 

 

 

 

Figure 3-19.  Process model to characterize historic-current distribution of wildfire.  
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Figure 3-20.  Distribution of historic and current wildfire modeled for the San Luis Valley-

Taos Plateau Level IV Landscape Assessment (Argonne 2014).  
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The wildland fire potential (WFP) dataset (USFS 2013) was used to characterize near-

term future (2015-2030) potential for wildfire throughout the study area. The WFP dataset is a 

raster geospatial product produced by the USDA Forest Service, Fire Modeling Institute that is 

intended to be used in analyses of wildfire risk or hazardous fuels prioritization at regional or 

national scales. The WFP map builds upon, and integrates, estimates of burn probability (BP) 

and conditional probabilities of fire intensity levels (FILs) generated for the national interagency 

Fire Program Analysis system (FPA) using a simulation modeling system called the Large Fire 

Simulator (FSim; Finney et al. 2011). The specific objective of the 2012 WFP map is to depict 

the relative potential for wildfire that would be difficult for suppression resources to contain, 

based on past fire occurrence, 2008 fuels data from LANDFIRE, and 2012 estimates of wildfire 

likelihood and intensity from FSim. Areas with higher WFP values, therefore, represent fuels 

with a higher probability of experiencing high-intensity fire with torching, crowning, and other 

forms of extreme fire behavior under conducive weather conditions (e.g., drought).  

 

To model near-term future wildfire potential, the WFP raster values were summarized to 

1 km
2
 reporting units and normalized along a scale ranging between -1 and 1, where values 

closer to -1 indicate non-burnable areas or areas with very low potential for future wildfire. 

Normalized values closer to 1 indicate areas with very high potential for future wildfire. 

Normalized values were then classified into one of five categories to map near-term future 

wildfire potential: Very Low, Low, Moderate, High, and Very High. The mapped model results 

for near-term future wildfire potential shown in Figure 3-21.
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Figure 3-21.  Near-term future potential for wildfire modeled for the San Luis Valley-Taos 

Plateau Level IV Landscape Assessment (Argonne 2014). 
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4  EVALUATION OF CURREN T AND FUTURE CONDITIONS  

 

Current and future conditions of the San Luis Valley-Taos Plateau are introduced in this chapter 

with an overview of the assessment approach to characterize current condition of CEs. The 

assessment approach relies heavily on the current and future landscape intactness and change 

agent models that were previously described in Section 3.2. Because the assessments to evaluate 

current and future conditions result in large amounts of data, examples are presented within this 

chapter. Refer to Appendices A and B for evaluation of current and future conditions for all CEs. 

 
For most CEs, particularly ecological systems and focal species, current distribution mapping was 

developed from Southwest ReGAP or LANDFIRE Existing Vegetation Type Macrogroup spatial 

data. For some CEs, other species-specific data were incorporated as the data were available. No 

additional modeling was performed to characterize CE distributions. The total size of the study area 

examined in this LA was 6,263,040 acres (25,346 km2). Current distributions for the ecological 

systems and terrestrial focal species (including assemblages) within the study area ranged from 

378,000 acres to over 5,500,000 acres (Table 4-1).  

 

Table 4-1.  Total current distribution area (acres) for ecological systems and terrestrial 

focal species for the San Luis Valley-Taos Plateau Level IV Landscape Assessment. 

Ecological System or Speciesa Total Distribution Area (Acres) 

Percent of 

Study Area 

Ecological Systems Macrogroups   

Montane and subalpine conifer forest 2,203,331 35.2% 

Basin grassland and shrubland 1,731,530 27.6% 

Piñon-juniper woodland 640,517 10.2% 

Riparian and wetland systems (based on LANDFIRE) 537,345 8.6% 

Focal Species   

Brewerôs sparrow 803,397 12.8% 

Ferruginous hawk 1,682,529 26.9% 

Northern goshawk 2,137,752 34.1% 

Gunnison sage-grouseb 

Potential Habitat 

Occupied Habitat 

  

27,894 0.4% 

20,428 0.3% 

Waterfowl/shorebird assemblagec 562,037 9.0% 

Mexican free-tailed bat 4,763,064 76.1% 

Bighorn sheep 1,668,580 26.6% 

Grassland fauna assemblage 3,532,484 56.4% 

Mountain lion 4,940,268 78.9% 

Pronghorn 3,179,613 50.8% 

Elk-mule deer assemblage 5,622,398 89.8% 
a Data Sources: Ecological Systems: LANDFIRE EVT (USGS 2010); Focal Species: unless otherwise noted, 

habitats for all focal species were represented by SWReGAP habitat suitability models (USGS 2007). 

 
b Habitat for the Gunnison sage-grouse was represented by occupied and potentially suitable habitats delineated in 

the Gunnison Sage-grouse Rangewide Conservation Plan (Gunnison Sage-grouse Rangewide Steering 

Committee 2005). 
 

c Habitat for the waterfowl/shorebird assemblage was represented by an aggregation of hydrological and species-

specific datasets from the USFWS NWI, CPW, and U.S. National Atlas. Refer to Appendix B (Section B.2.6) for 

more details on waterfowl/shorebird assemblage source data. 
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 The current landscape intactness model is a fundamental component to assessing 

condition of each of the CEs. To assess current condition, CE distribution was intersected with 

the current landscape intactness model at the 1 km
2
 reporting unit resolution. It is important to 

note that the landscape intactness model is a generalized indicator of condition throughout the 

study area and is not directly linked to specific species requirements. Not all species respond 

similarly to the disturbance factors used as intactness model inputs, but an overall intactness 

model provides a standard baseline from which to explore species-specific responses. Tailoring 

the landscape intactness model to species-specific responses is identified as a data gap for future 

study (Section 1.4).  

 

Current CE condition also included an intersection with vegetation departure (VDEP) to 

characterize how current vegetation communities within the CE distribution have changed 

relative to historic simulated conditions. The USGS LANDFIRE Project produces maps of 

simulated historical fire regimes and vegetation conditions. The Vegetation Departure (VDEP) 

data layer categorizes departure between current vegetation conditions and reference vegetation 

conditions according to the methods outlined in the Interagency Fire Regime Condition Class 

Guidebook (Hann and others 2004). VDEP values range from 0 - 100 to depict the amount 

current vegetation has departed from simulated historical vegetation reference conditions. This 

departure results from changes to species composition, structural stage, and canopy closure. The 

map of VDEP, summarized to 1 km
2
 reporting units, is shown in Figure 4-1. It is important to 

note that VDEP alone may not be a sufficient indicator of condition because systems that are of 

moderately low departure from historical states may still be in relatively high condition. In 

addition, systems that have experienced a relatively low departure from historic states may still 

be contracting in extent. 

 

 In addition to the assessment of CE current condition using the landscape intactness 

model and VDEP, CE condition was also evaluated on the basis of CE distribution relative to 

Change Agents. The CA models developed for this LA were used to examine the current 

distribution of change agents within the CE distributions. Intersections of CA-CE distributions 

were made to determine how CEs may experience CAs in the context of CA distributions 

throughout the study area.   

 

 The assessment of potential future condition included similar CA-CE intersections using 

the future landscape intactness and CA models. The potential future ecological condition of each 

CE was evaluated using the near-term future landscape intactness model and the potential 

vulnerability of each CE to the CAs was evaluated using the near-term and long-term (i.e., 

climate change) CA models. In addition, the near-term potential for human development and the 

long-term potential for climate change models were combined to represent an overall Potential 

for Change (PFC). The PFC model was calculated at each 1 km
2
 reporting unit by calculating the 

maximum normalized CA model results for near-term future human development potential and 

long-term future climate change potential. The output provides a map surface indicating areas of 

low to great potential for change as a result of human development or climate change. An 

assessment of future vegetation departure within CE distributions using LANDFIRE VDEP was 

not performed because a spatial dataset representing future vegetation departure analogous to 

VDEP was not available. 

 



San Luis Valley ς Taos Plateau Landscape Assessment October 2016 

57 

 Categorizing ecological condition and the change agent models provided a simple 

mechanism to evaluate status and trends. Current and potential future condition for each CE was 

evaluated by producing bar graphs to show which proportion of the CE distribution may 

experience the Change Agents differently.  

 

An example evaluation of current and future conditions for one CE (the basin grassland 

and shrubland ecological system) is provided below. All other evaluations of CE current and 

future conditions are provided in Appendix B. The current distribution of the basin grassland 

and shrubland system, as mapped by LANDFIRE Existing Vegetation Types, is shown in 

Figure 4-2. Based on the evaluation of current vegetation departure (VDEP), the majority of 

vegetation within basin grassland and shrubland systems has a moderate degree of departure 

from historic reference vegetation conditions. Approximately 49% of the basin grassland and 

shrubland systems within the study area have a moderate degree of vegetation departure 

(Figure 4-3). 
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Figure 4-1.  Current Vegetation Departure (VDEP) (LANDFIRE; USGS, 2008)
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Figure 4-2.  Current Distribution of the Basin Grasslands and Shrubland. Data Source: 

LANDFIRE EVT (USGS, 2010). 
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Figure 4-3.  Current vegetation departure from historic conditions within the Basin Grassland and Shrubland Ecological 

System. Data Sources: LANDFIRE EVT (USGS, 2010) and VDEP (USGS, 2008). Data were Summarized to 1 km
2
 Reporting 

Units. 
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The majority (46%) of basin grassland and shrubland systems are within areas of high current 

landscape intactness (Figure 4-4; Figure 4-7). Future trends in landscape intactness indicate a 

decrease in intactness within basin grassland and shrubland systems notably along a western axis 

that extends in the study area from Poncha Pass in the north to the Taos Plateau in the south. The 

amount of these systems occurring within areas of high and very high landscape intactness is 

expected to decrease by approximately 12% in the near-term (i.e., by 2030) (Figure 4-7). 

 

Approximately 51% of the basin grassland and shrubland systems are within areas of low current 

human development intensity (Figure 4-5; Figure 4-7). Future trends in human development 

indicate an increase in human development intensity within these systems. The amount of basin 

grassland and shrubland systems occurring within areas high and very high human development 

intensity is expected to increase by approximately 10% in the near-term (i.e., by 2030) 

(Figure 4-6; Figure 4-7).  

 

The majority of basin grassland and shrubland systems are within areas of low to moderate 

current climate change, as measured by the relative change in current precipitation and 

temperature from historic baseline period precipitation and temperature (Figure 4-5; 

Figure 4-7). Future trends in climate change indicate portions of basin grassland and shrubland 

systems with high or very high potential for climate change in the long-term future (i.e., by 

2069) (Figure 4-6; Figure 4-7). Approximately 26% of these systems are located in areas with 

high or very high potential for future climate change (Figure 4-6; Figure 4-7).   

 

The majority of basin grassland and shrubland systems are within areas of very low current fire 

occurrence density (Figure 4-5; Figure 4-7). Future trends in wildfire indicate little change in 

wildfire potential in these systems. Over 90% of basin grassland and shrubland systems have low 

or moderate near-term future (i.e. by 2030) potential for wildfire (Figure 4-7). The greatest 

potential for future wildfire occurs in the southern portion of the distribution of these systems in 

New Mexico (Figure 4-6). 

 

The majority of basin grassland and shrubland systems are within areas of very low current 

density of invasive species, insects, and disease (Figure 4-5; Figure 4-7). Future trends indicate 

an increase in potential spread of invasive species, insects, and disease in some portions of these 

systems in the study area (Figure 4-6; Figure 4-7). Areas of potential near-term future (i.e., by 

2030) spread of invasive species, insects, and disease include areas of urban and rural human 

expansion and potential energy development (Figure 4-6).  

 

Results of future change agent models were combined to represent an aggregate potential for 

change map. Overall, approximately 23% of the basin grassland and shrubland systems have the 

potential for high or very high future change among the change agents (Figure 4-8). Areas with 

greatest potential for change within these systems include areas of high future human 

development intensity, high potential for future climate change, high potential spread of invasive 

species, insects, and disease, and high potential for wildfire (Figure 4-8).  
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Although not addressed as a separate Conservation Element, ground and above ground nesting 

pollinators are widespread throughout the ecoregion and may be impacted by change agents 

within this system. Pollinators, such as honey bees, native bees, birds, bats, and butterflies, have 

been in decline over the last few decades (Presidential Memorandum 2014). Insect pollinators 

are important in maintaining biologically diverse plant and animal communities in all types of 

rangelands. Similarly, a heterogeneous rangeland landscape, including a variety of native grasses 

and forbs within a grassland, contributes to the diversity of insect pollinators (Gilgert and 

Vaughan 2011; Black et al. 2009). The most common grassland pollinators are solitary ground 

nesting bees, but flies, beetles, and butterflies are also found in grasslands. Shrubland and scrub 

habitat provide nesting sites for bees in twigs and holes in shrubs and trees. Some of the threats 

facing grassland pollinators include habitat loss and fragmentation, invasive species reducing 

floral diversity, overgrazing, mowing, burning, and pesticide use. Some threats facing shrubland 

and scrub pollinators include commercial livestock grazing, habitat fragmentation, burning, 

mowing, and pesticides (Black et al. 2009).  
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Figure 4-4.  Current and Future Landscape Intactness of Basin Grasslands and Shrublands. NOTE: This landscape intactness 

model does not include LANDFIRE Vegetation Departure (VDEP). Data Sources: LANDFIRE EVT (USGS 2010) and 

landscape intactness (Argonne 2014). 
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Figure 4-5.  Current (2015) distribution and status of the Basin Grassland and Shrubland Ecological System relative to change 

agents. Data Sources: LANDFIRE EVT (USGS 2010) and change agent models (Argonne 2014). 
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Figure 4-6.  Potential future vulnerability of the Basin Grassland and Shrubland Ecological System to change agents. Data 

Sources: LANDFIRE EVT (USGS 2010) and change agent models (Argonne 2014). Future climate change projections were 

made for a 2040-2069 temporal period; all other future change agent models were developed for a 2015-2030 temporal period. 



S
a
n
 L

u
is V

a
lle

y 
ς T

a
o
s P

la
te

a
u
 L

a
n
d
sca

p
e

 A
ss

e
ss

m
e

n
t

 
O

cto
b
e

r 2
0
1

6 

6
6 

 

 

  

                                                           
 

                                                     
Figure 4-7.  Predicted Trends in Basin Grassland and Shrubland Habitat within the Study Area  
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Figure 4-8.  Basin Grassland and Shrubland Aggregate Potential for Change (combines potential future change model output 

for human development, climate change, fire, and invasive species change agents). Data Sources: LANDIFRE EVT (USGS 

2010) and Potential for Change (Argonne 2014).



San Luis Valley ς Taos Plateau Landscape Assessment October 2016 

68 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Page intentionally left blank   



San Luis Valley ς Taos Plateau Landscape Assessment October 2016 

69 

5  SUMMARY AND CONCL USION 

 

This section presents a summary of the Landscape Assessment approach and discusses potential 

applications of assessment results for land management. Although the scope of this LA was 

focused on Management Questions and Conservation Elements relevant to issues associated with 

solar energy development on BLM-administered lands, the results of this LA may serve as an 

important resource for informing future BLM planning decisions for other activities. This section 

discusses several ways to use the assessment results (e.g., Landscape Intactness Model) to 

explore potential sites for restoration and/or preservation.  

 

5.1  Application of Landscape Assessment Results to Conservation Planning 

 

One primary way to use model results for conservation planning involves the evaluation of 

landscape intactness within sites of conservation concern. In this approach, landscape intactness 

within the Conservation Element ñSites of Conservation Concernò (Appendix B; Section B.3.1), 

can be mapped and quantified in a regional context (Figures 5-1 and 5-2). Areas of relatively 

low landscape intactness within these sites indicate potential opportunities for restoration 

(e.g., invasive species removal). For example, approximately 20% of the sites of conservation 

concern currently have moderately low to very low landscape intactness. These areas may be 

identified for further local-scale evaluation for restoration potential.  

 

Similarly, Landscape Intactness Model results may be evaluated within other areas of potential 

ecological value to determine where restoration and/or preservation opportunities may occur. For 

example, evaluation of landscape intactness within wildlife crucial habitats (ñCHATò) may 

provide insights into areas that could warrant future preservation based on wildlife values and 

landscape intactness. Landscape intactness can be mapped and quantified within the crucial 

wildlife CHAT habitat (Figures 5-3 and 5-4), and areas of greater landscape intactness within 

these habitats could indicate potential conservation/preservation opportunities. For example, 

approximately 33% of the crucial wildlife CHAT habitats in the study area have very high 

landscape intactness. These areas may be identified for further local-scale evaluation for 

preservation potential. 
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Figure 5-1.  Current (2015) and Future (2015-2030) Landscape Intactness within Sites of Conservation Concern. Data Sources: 

Sites of conservation concern (data received from BLM, Audubon 2014, CNHP 2014, CPW 2013, NCED 2013, TNC 2011, 

USFWS 2014, and USGS 2012) and landscape intactness (Argonne 2014).  



San Luis Valley ς Taos Plateau Landscape Assessment October 2016 

71 

  
Figure 5-2.  Trends in Landscape Intactness within Sites of Conservation Concern.
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Figure 5-3.  Current (2015) and Future (2015-2030) Landscape Intactness (Argonne 2014) of Wildlife CHAT Habitat  (data 

obtained in April 2014).
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Figure 5-4.  Trends in Landscape Intactness within Crucial Wildlife CHAT Habitats.  

 

 

5.2  Limitations and Information  Gaps 

 

Through the development of this LA, several important limitations and information gaps have 

been identified. The most important of these include: 

 

¶ Through the process of evaluating change agents, the availability and distribution of 

surface water and groundwater through hydrologic processes could be evaluated as an 

additional change agent that could influence the distribution, status, and trends of several 

Conservation Elements (e.g., shorebird/waterfowl assemblage). Although water was not 

evaluated as a change agent in this LA, its potential role as a change agent was 

acknowledged as a data gap for future study. 

 

¶ The assessment of CE condition and trend incorporated generalized indicators of 

landscape condition and measures of change agents. While this approach provides a 

standard baseline to evaluate all CEs, not all species and ecological systems respond 

similarly to change agents. For example, some CEs may experience greater impacts from 

relatively small changes in climate (e.g., areas with low potential for future climate 

change). In addition, CE condition may be a function of other factors that could not be 

measured for this LA. For example, the condition of aquatic and hydrologic systems is 

related to the amount of human surface and groundwater use, which could not be 

adequately quantified and spatially represented in this LA. Assessment of CE-specific 

responses to disturbance factors and integration of other factors that may influence CE 

condition have been identified as a data gaps for future study. 
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¶ The assessments of CE condition and trend were made individually with respect to the 

CAs. While these assessments provide a preliminary first step towards understanding the 

role of CAs on CE conditions and trends, these analyses do not address the additive or 

synergistic interactions among CAs. For example, wildfire and invasive species often 

interact to result in second-order impacts in terms of state transitions in vegetation 

communities. The additive or synergistic interactions of multiple CAs on CE condition 

and trend were not evaluated in this LA and represent an area for future research. 

 

 

5.3  Conclusion 

 

There are many ways Landscape Assessments (and REAs) and their products may be used in 

land management planning. Use of this LA provides a regional coarse-scale filtering approach to 

land management that can be understood by users in a relatively short amount of time. However, 

application of results at local scales depends on understanding the limitations of the data. 

Availability of spatial data (or lack thereof) and limitations of the assessment approach to 

determine individual CE-specific responses to change agents should be considered. 

Understanding of the specific responses of CEs to change agents (such as specific changes in 

speciesô distributions) is largely outside the scope of this LA and has been identified as an 

information gap that could be the focus of future study. 

 

This LA can serve as an important baseline for future planning efforts in the San Luis Valley ï 

Taos Plateau Level IV ecoregion. This LA provided a coarse-scale regional evaluation of natural 

resource distribution, status, and trends, and catalogued relevant datasets used to produce 

mapped results. When this document is finalized (expected early 2017), users will be able to 

access the geospatial data and models for further analysis through the BLM REA data portal 

(http://www.blm.gov/wo/st/en/prog/more/Landscape_Approach/reas/dataportal.html). 

http://www.blm.gov/wo/st/en/prog/more/Landscape_Approach/reas/dataportal.html
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This Appendix presents the assessment of Management Questions (MQs) identified by the BLM 

Inter-disciplinary team throughout the course of the Landscape Assessment (LA). A total of 56 

MQs were identified (Table A-1). As discussed in Section 1.4, several MQs were determined to 

have insufficient data, to involve additional modeling or data processing requirements that are 

outside the scope of this LA, or to involve other complexities precluding evaluation in this LA. 

These MQs are identified in Table A-1 in the column óNotesô. All other MQs are evaluated in 

this Appendix following Table A-1.  

 

In the tables below, MQs have been highlighted to represent how each MQ was evaluated in this 

LA, as follows: 

 

Green ï The MQ was evaluated in this LA. 

Yellow ï The evaluation for the MQ is either incomplete or is being evaluated in a separate 

assessment that has not yet been made available for inclusion in this LA.  

Pink ï Evaluation of this MQ could not be completed in this LA. 
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Table A-1.  Management Questions identified in the San Luis Valley ïTaos Plateau Landscape Assessment.  

Management Questions Notes 

A. Soils and Air Quality 

MQA1 Where are Class I Prevention of Significant Deterioration (PSD) areas?  See Section A.1.1 

MQA2 Where are soil systems with potential for erosion (including coarse-textured, calcic, saline, sodic, and 

shallow soils; salt crusts, low water holding capacity soils, and soils susceptible to wind erosion)?  

See Section A.1.2 

MQA3 Where are soil systems with potential for erosion vulnerable to change agents?  See Section A.1.3 

MQA4 Where are communities and hydrologic basins susceptible and/or sensitive to fugitive dust and dust-on-

snow events? 

Refer to the regional dust modeling study 

(Chang et al. 2016) for assessment of 

fugitive dust. Assessment of dust-on-

snow is addressed in MQB3. 

MQA5 Where are Clean Air Act (CAA) criteria pollutant source areas for particulate matter (PM10 and 

PM2.5)? 

Refer to the regional dust modeling study 

(Chang et al. 2016). 

B. Hydrology 

MQB1 Where are and what are the conditions of hydrologic features including lotic and lentic features and 

artificial surface water bodies (e.g., perennial, intermittent, and ephemeral streams and springs; playas; 

wetlands; lakes; reservoirs; wells; ponds; livestock and wildlife watering tanks)? 

See Section A.2.1 

MQB2 Where are impaired waters and aquatic systems (such as those included in the EPA 303(d) and 305(b) 

lists)?  

See Section A.2.2 

MQB3 Where are mountain snow pack, rainfall, and alluvial aquifers and their recharge areas?  See Section A.2.3 

MQB4 Where are hydrologic systems vulnerable to change agents? See Section A.2.1 

MQB5 Where are the areas that are susceptible to early snow melt due to dust on snow? See Section A.2.5 

MQB6 What are seasonal discharge maxima and minima for the Rio Grande, Closed Basin, and major 

tributaries at gaging stations?  

See Section A.2.6 

MQB7 Where are the confined and unconfined recharge or discharge areas?  See Section A.2.7 

C. Ecological Systems Conservation Elements  

MQC1 Where are existing vegetative communities?  Refer to Appendix B 

MQC2 Where are vegetative communities vulnerable to change agents in the future?  Refer to Appendix B 

MQC3 Where are areas of highest carbon sequestration and what are conditions and trends of carbon 

sequestration in the study area? 

See Section A.3.1 

MQC4 What change agents have affected existing vegetation communities?  Refer to Appendix B 

MQC5 How will vegetation communities be altered (e.g. state and transition) according to the change agents? Information gap for future study. Not 

evaluated in this LA. 

D. Focal Species Conservation Elements  

MQD1 What is the current distribution and status of available and suitable habitat for focal species Conservation 

Elements?  

Refer to Appendix B 
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Management Questions Notes 

D. Focal Species Conservation Elements (Cont.)  

MQD2 What is the distribution of current and potentially suitable habitat, if available, for aquatic, terrestrial, 

and riparian biodiversity sites, and special status species?  

See Section A.4.1 

MQD3 Where are focal species vulnerable to change agents in the future?  Refer to Appendix B 

MQD4 Where are aquatic, terrestrial, and riparian biodiversity sites, and special status species vulnerable to 

change agents in the future?  

See Section A.4.2 

MQD5 What is the current distribution and status of big game crucial habitat and movement corridors (including 

bighorn sheep, elk, mule deer, and pronghorn)? 

See Section A.4.3 

E. Wildfire   

MQE1 Where has wildfire has occurred in the past 20 years?  See Section A.5.1 

MQE2 Where are the Fire Regime Condition Classes?  See Section A.5.2 

MQE3 Where is fire adverse to ecological communities, features, and resources of concern?  See Section A.5.3 

MQE4 Where are the areas with potential to change from wildfire in the future? See Section A.5.4 

MQE5 Where is fire likely to change in relation to climate change? See Section A.5.5 

MQE6 Where might fire interfere with future human development (e.g., development risk)? See Section A.5.6 

F. Invasive Species  

MQF1 Where are areas that invasive species occur or could potentially occur (e.g. tamarisk, Russian Olive, 

cheatgrass)?  

See Section A.6.1 

G. Human Development and Resource Use  

MQG1 Where are linear recreation features such as OHV roads and trails?  See Section A.7.1 

MQG2 Where are Special Recreation Permits (SRPs) and permitted uses such as grazing and wood gathering?  See Section A.7.2 

MQG3 Where are the locations of irrigated lands? See Section A.7.3 

MQG4 Where are high-use recreation areas, (High Intensity Recreation Areas (HIRAôs) SRMAs, National 

Parks, etc)? 

See Section A.7.4 

MQG5 Where are areas of current and planned development (e.g., plans of operation, urban growth, wildland-

urban interface, energy development, mining, transmission corridors, governmental planning)?  

See Section A.7.5 

MQG6 Where are federally owned water rights that are adjudicated for wildlife and irrigation? See Section A.7.6 

MQG7 Where are areas of potential future development (e.g., under lease), including renewable energy sites and 

transmission corridors?  

See Section A.7.7 

MQG8 Where are areas of potential human land use change (e.g., agricultural fallowing)?  Information gap for future study. Not 

evaluated in this LA. 

MQG9 What are the conditions and locations of surface and groundwater rights? See Section A.7.8 

MQG10 Where are current conservation efforts prohibiting human development?  See Section A.7.9 

MQG11 Where is the acoustic environment affected by human development? Information gap for future study. Not 

evaluated in this LA. 
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Management Questions Notes 

H. Climate Change  

MQH1 Where are areas with greatest long-term potential for climate change? See Section A.8.1 

MQH2 Where have conservation elements experienced climate change and where are conservation elements 

vulnerable to future climate change?  

Refer to Appendix B 

I. Human and Cultural Elements  

MQI1  Where do areas of cultural resource management and protection occur (National Monuments, ACECs, 

National Historic Landmarks, World Heritage Areas, Los Caminos Scenic and Historic Byway, etc)? 

Refer to Wescott et al. (2016) 

MQI2  Where are known historic properties, traditional cultural properties, and sacred sites and landscapes?  Refer to Wescott et al. (2016) 

MQI3  What are the traditional cultural land use patterns? Refer to Wescott et al. (2016) 

MQI4  Where are known historic properties, traditional cultural properties, and sacred sites vulnerable to change 

agents 

Refer to Wescott et al. (2016) 

MQI5  Where are high potential areas or high density areas for historic properties that address the highest 

priority research goals? 

Refer to Wescott et al. (2016) 

MQI6  Where is cultural landscape connectivity vulnerable to change agents (human development, fire, invasive 

species, climate change) 

Refer to Wescott et al. (2016) 

MQI7  Where are sensitive socioeconomic populations and how are they affected by change agents? Information gap for future study. Not 

assessed in this LA or in the Cultural 

Landscape Assessment. 

J. Landscape intactness  

MQL1  What is current and future predicted landscape intactness? See Section A.10.1 

K. Visual Resources  

MQK1  Where are specially designated/managed areas with associated visual resource 

considerations/mandates/prescriptions?  

See Section A.11.1 

MQK2  Where are visual resource inventoried areas with high scenic quality, public sensitivity for scenic 

quality, and distance zones where people commonly view the landscape? 

See Section A.11.2 

MQK3  Where are the highest quality night skies and where are they vulnerable to change agents (NPS 

inventory)? 

See Section A.11.3 

MQK4  Where are high scenic quality values within the region and where are they vulnerable to change agents? See Section A.11.4 

MQK5  Where are areas of high relative visual values (based on Visual Resource Inventory (VRI) classes) and 

where are they vulnerable to change agents? 

See Section A.11.5 

MQK6  Where are current Visual Resource Management (VRM) classes that specify retention or partial retention 

of existing landscape character and where are they vulnerable to change agents? 

See Section A.11.6 
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A.1  Management Questions for Soils and Air Quality   

A. Soils and Air Quality 
MQA1 Where are Class I Prevention of Significant Deterioration 

(PSD) areas?  

See Section A.1.1 Below. 

 

MQA2 Where are soil systems with potential for erosion?  

See Section A.1.2 Below. 

MQA3 Where are soil systems with potential for erosion vulnerable to change agents? 

See Section A.1.3 Below. 

MQA4 Where are communities and hydrologic basins susceptible and/or sensitive to fugitive 

dust? 

Deferred to dust modeling study. Model not yet complete. 

MQA5 Where are Clean Air Act (CAA) criteria pollutant source areas for PM10 and PM2.5? 

Deferred to dust modeling study. Model not yet complete. 
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A.1.1  MQA1 ï Where are Class I PSD areas? 

 

Dataset(s) and Source(s):  USGS Protected Areas Database (http://gapanalysis.usgs.gov/padus/)  

 

According to the EPA (http://www.epa.gov/NSR/psd.html), Class I Prevention of Significant 

Deterioration (PSD) areas are areas of special national or regional natural, scenic, recreational, or 

historic value for which the PSD regulations provide special protection. The Federal Land 

Manager (FLM), including the State or Indian governing body, where applicable, is responsible 

for defining specific Air Quality Related Values (AQRV's) for an area and for establishing the 

criteria to determine an adverse impact on the AQRV's. If a FLM determines that a source will 

adversely impact AQRV's in a Class I area, the FLM may recommend that the permitting agency 

deny issuance of the permit, even in cases where no applicable increments would be exceeded. 

However, the permitting authority makes the final decision to issue or deny the permit. 

 

To determine Class I PSD areas, the protected areas database was queried to identify all National 

Parks (NPS) and Wilderness Areas. The list of Class I PSD areas in the LA Study Area includes 

the following: 

 

¶ Columbine-Hondo Proposed 

Wilderness 

¶ Cruces Basin Wilderness 

¶ Deadman Creek RNA 

¶ Great Sand Dunes National Park 

¶ Great Sand Dunes Wilderness 

¶ La Garita Wilderness Area 

¶ Latir Peak Wilderness 

¶ Mill Creek RNA 

¶ North Zapata RNA 

¶ Pecos Wilderness 

¶ San Antonio Wilderness Study Area 

¶ Sangre de Cristo Wilderness 

¶ South San Juan Wilderness 

¶ Wheeler Peak Wilderness 

 

 

A map showing the spatial distribution of Class I PSD areas is provided in Figure A.1.1-1.

http://gapanalysis.usgs.gov/padus/
http://www.epa.gov/NSR/psd.html
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Figure A.1.1-1.  Class I PSD Areas in the San Luis Valley ï Taos Plateau Landscape 

Assessment Study Area. Data Source: USGS 2012.
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A.1.2  MQA2 ï Where are Soil Systems with Potential for Erosion? 

 

Dataset(s) and Source(s): * NRCS SSURGO Soils Database  

 * NRCS STATSGO2 Soils Database  

 * USGS 30 m Digital Elevation Model (used to generate slope) 

 

 

Soil systems with potential for erosion include those soil properties identified by the USDA 

Natural Resource Conservation Service as being unique or susceptible to wind or water erosion, 

as defined by the parameters in Table A.1.2-1. The model for soil systems with potential for 

erosion was created using the NRCSôs SSURGO soil survey data (http://www.nrcs.usda.gov/ 

wps/portal/nrcs/detail/soils/survey/?cid=nrcs142p2_053627) and supplemented with STATSGO 

data (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs142p2_053629) 

in areas where SSURGO was not available
5
. The SSURGO database contains information about 

soil as collected by the National Cooperative Soil Survey over the course of a century. The 

SSURGO maps outline areas called map units. The map units describe soils and other 

components that have unique properties, interpretations, and productivity. The STATSGO soils 

dataset is a broad-based inventory of soils that occur in a repeatable pattern on the landscape and 

that can be cartographically shown at the mapped scale of 1:250,000. The level of mapping is 

designed for broad planning and management uses covering state, regional, and multi-state areas. 

The STATSGO dataset is comprised of general soil association units and is maintained and 

distributed as a spatial and tabular dataset.  

 

The model to characterize soil systems with potential for erosion uses, in part, the soil data 

viewer extension for ArcMap to query various attributes for specific threshold values. Based 

upon discussion with the BLM IDT and NRCS resource staff on 9 September, 2014, ten soil 

parameters were identified for model input based on SSURGO/STATSGO soil properties 

(Table A.1.2-1). The model was developed through the union of each of the ten soil parameters, 

as shown in Figure A.1.2-1. The slope parameter was obtained from the USGS Digital Elevation 

Model (DEM). Soil surface pH was originally considered as a parameter but it was later 

excluded at the recommendation of the NRCS because of its correlation with other inputs. The 

soil model is limited by availability of more detailed soils information from SSURGO, because 

this ecoregion contains areas not yet mapped by SSURGO.  

 

In January 2015, revised SSURGO map units provided by NRCS were used to update the map 

units near the Colorado-New Mexico border. In addition, the BLM IDT requested revisions to 

two soil parameter inputs (slope and texture, see Table A.1.2-1 below). The resulting 

characterization of soil systems with potential for erosion, based on these IDT-recommended 

updates, is shown in Figure A.1.2-2. The map depicts areas with unique soil attributes 

characteristic of those susceptible to erosion. Other unmapped soil properties in other areas 

within the study area may also influence susceptibility to erosion. For example, soil calcic 

composition and, more specifically, surface exposure of soil calcic horizons, can greatly 

influence soil erosion potential. However, calcic composition (or depth to calcic layer) was not 

factored into this model. 

                                                           
5
 NRCS STATSGO and SSURGO data available at: 

http://www.nrcs.usda.gov/wps/portal/nrcs/soilsurvey/soils/survey/state/.  

http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/?cid=nrcs142p2_053627
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/?cid=nrcs142p2_053627
http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/survey/geo/?cid=nrcs142p2_053629
http://www.nrcs.usda.gov/wps/portal/nrcs/soilsurvey/soils/survey/state/
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Table A.1.2-1. Soil Systems with Potential for Erosion Model Input Parameters and 

Threshold Values
a
. 

 

Input Parameter Threshold Value  

Available Water Capacity < 0.05 cm/cm  

Hydric Rating  Ó 63  

Electrical Conductivity  > 16 dS/m  

Sodium Adsorption Ratio Ó 13  

Calcium Carbonate > 5%  

Depth to Any Soil Restrictive 

Layer 
< 25.4 cm  

Wind Erodibility  WEG Groups 1 and 2  

Water erosion potential K Factor > 0.4  

Slope > 30% (from DEM inputs)  

Surface texture Sandy and silty soils  
a
 Data Source: NRCS (2015). Model parameters derived from Argonne National Laboratory. 

Soil systems with potential for erosion are represented by the union of locations in the study 

area that meet any of the above criteria. 
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Figure A.1.2-1.  NRCS soils data queries and Argonne geoprocessing steps to characterize 

Soil Systems with Potential for Erosion. 
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Figure A.1.2-2.  Soil Systems with Potential for Erosion in the San Luis Valley ï Taos Plateau 

Landscape Assessment Study Area. Data Sources: NRCS Web Soil Survey (NRCS 2015).
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A.1.3  Where are Soil Systems with Potential for Erosion Vulnerable to Change Agents? 

 

Refer to Section A.1.2 above for discussion on how soil systems with potential for erosion were 

characterized under MQA2. This MQ (MQA3) includes the assessment of soil systems with 

potential for erosion in relation to vegetation departure, landscape intactness, and change agents.  

 

Figures A.1.3-1 through A.1.3-6 show, respectively: Figure A.1.3-1 ï soil systems with 

potential for erosion with respect to current vegetation departure; Figure A.1.3-2 ï soil systems 

with potential for erosion with respect to current and future landscape intactness in the study 

area; Figure A.1.3-3 ï status of soil systems with potential for erosion with respect to the current 

status of change agents; Figure A.1.3-4 ï spatial trends in soil systems with potential for 

erosion; Figure A.1.3-5 ï graphical predicted trends in soil systems with potential for erosion; 

and Figure A.1.3-6 - the aggregate potential for change in soil systems with potential for 

erosion.  

 

The majority (35%) of vegetation within soil systems with potential for erosion has a moderate 

degree of departure from historic reference vegetation conditions (Figure A.1.3-1; 

Figure A.1.3-5). Most of the vegetation departure that has occurred within soil systems with 

potential for erosion is located in rural and shrubland areas of the Taos Plateau in northern New 

Mexico (Figure A.1.3-1). 

 

The majority (58%) of the soil systems with potential for erosion are within areas of high and 

very high current landscape intactness (Figure A.1.3-2; Figure A.1.3-5). Future trends in 

landscape intactness indicate a decrease in landscape intactness within soil systems with 

potential for erosion. The amount of soil systems with potential for erosion occurring within 

areas of high and very high landscape intactness is expected to decrease by approximately 9% in 

the near-term (i.e., by 2030) (Figure A.1.3-5). 

 

The majority (64%) of the soil systems with potential for erosion are within areas of very low 

and low current human development intensity (Figure A.1.3-3; Figure A.1.3-5). Future trends in 

human development indicate an increase in human development intensity within soil systems 

with potential for erosion. The amount of soil systems with potential for erosion occurring within 

areas of high and very high human development intensity is expected to increase by 

approximately 6% in the near-term (i.e., by 2030) (Figure A.1.3-4; Figure A.1.3-5).  

 

The majority of the soil systems with potential for erosion are within areas of moderate current 

climate change, as measured by the relative change in current precipitation and temperature from 

historic baseline period precipitation and temperature (Figure A.1.3-3; Figure A.1.3-5). Future 

trends in climate change indicate portions of the soil systems with potential for erosion with high 

or very high potential for climate change in the long-term future (i.e., by 2069) (Figure X-6; 

Figure X-7). Approximately 27% of the soil systems with potential for erosion are located in 

areas with high or very high potential for future climate change (Figure A.1.3-5). The greatest 

potential for future climate change within soil systems with potential for erosion occurs in the 

western and northwestern portion of the soil distribution in the study area (Figure A.1.3-4). 

 



San Luis Valley ς Taos Plateau Landscape Assessment October 2016 
 

A-14 

The majority of the soil systems with potential for erosion are within areas of very low current 

fire occurrence density (Figure A.1.3-3; Figure A.1.3-5). Future trends in wildfire indicate an 

increase in wildfire potential in some portions of the soil systems with potential for erosion in the 

study area. The greatest potential for future wildfire occurs in the southern portion of the habitat 

distribution in New Mexico (Figure A.1.3-4). 

 

The majority of soil systems with potential for erosion are within areas of either very low or very 

high current density of invasive species, insects, and disease (Figure A.1.3-3; Figure A.1.3-5). 

Future trends indicate an increase in potential spread of invasive species, insects, and disease in 

some portions of soil systems with potential for erosion in the study area. Areas of potential 

near-term future (i.e., by 2030) spread of invasive species, insects, and disease include areas of 

urban and rural expansion, energy development, spread of forest insects and disease, and spread 

of tamarisk along the Rio Grande in the southern portion of the study area (Figure A.1.3-4).  

 

Results of future change agent models were combined to represent an aggregate potential for 

change map. Overall, approximately 35% of the soil systems with potential for erosion have the 

potential for high or very high future change among the change agents (Figure A.1.3-6). Areas 

with greatest potential for change within soil systems with potential for erosion include areas of 

high future human development intensity, high potential for future climate change, high potential 

spread of invasive species, insects, and disease, and high potential for wildfire (Figure A.1.3-6).
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Figure A.1.3-1.  Departure of Current Vegetation Conditions from Historic Vegetation Conditions within Soil Systems with Potential for 

Erosion. Data Sources: Current Vegetation Departure (VDEP) (USGS, 2008a), NRCS (2015).
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Figure A.1.3-2.  Current and Future Landscape Intactness of Systems with Potential for Erosion. Data Sources: NRCS (2015) and 

Argonne 2014.  
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Figure A.1.3-3.  Current Distribution and Status of Soil Systems with Potential for Erosion. Data Sources: NRCS (2015) and Argonne 

2014.
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Figure A.1.3-4.  Intersection Between Soil Systems with Potential for Erosion and Future Change Agent Models. Data Sources: NRCS 

(2015) and Argonne 2014.   
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Figure A.1.3-5.  Predicted Trends in Soil Systems with Potential for Erosion within the Study Area 
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Figure A.1.3-6.  Soil Systems with Potential for Erosion Aggregate Potential for Change. Data Sources: NRCS (2015) and Argonne 2014.
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A.2  Management Questions for Hydrology 

 

B. Hydrology 
 

MQB1 Where are and what are the conditions of hydrologic features including lotic and lentic 

features and artificial surface water bodies (e.g., perennial, intermittent, and ephemeral 

streams and springs; playas; wetlands; lakes; reservoirs; wells; ponds; livestock and 

wildlife watering tanks)? 

See Section A.2.1 Below. 

MQB2 Where are impaired waters and aquatic systems (such as those included in the EPA 

303(d) and 305(b) lists)?  

See Section A.2.2 Below. 

MQB3 Where are mountain snow pack, rainfall, and alluvial aquifers and their recharge 

areas?  

See Section A.2.3 Below. 

MQB4 Where are hydrologic systems vulnerable to change agents? 

Refer to Section A.2.1. 

MQB5 Where are the areas that are susceptible to early snow melt due to dust on snow? 

See Section A.2.4 Below. 

MQB6 What are seasonal discharge maxima and minima for the Rio Grande, Closed Basin, 

and major tributaries at gaging stations?  

See Section A.2.5 Below. 

MQB7 Where are the confined and unconfined recharge or discharge areas?  

See Section A.2.6 Below. 

 

 

A.2.1  MQB1: Where are and What are the Conditions of Hydrologic Features Including 

Lotic and Lentic Features and Artificial Surface Water Bodies?  

 
Dataset(s) and Source(s):    

 

Wetlands: National Wetlands Inventory (http://www.fws.gov/wetlands/). This data set represents the 

extent, approximate location and type of wetlands and deepwater habitats in the conterminous United 

States. These data delineate the areal extent of wetlands and surface waters.  

 

Waterbodies, Artificial Paths, Canals/Ditches, Connectors, Pipelines, Streams/Rivers, 

Springs/Seeps: The National Hydrography Dataset (http://nhd.usgs.gov/). 

The hydrologic systems Conservation Element was selected to characterize water tanks, springs/seeps, 

wells, artificial paths, canals/ditches, connectors, pipelines, streams/rivers, lakes, ponds, reservoirs, and 

wetlands. This Conservation Element is an aggregation of spatial data from a number of sources including 

the National Wetlands Inventory (http://www.fws.gov/wetlands/), National Hydrography Dataset 

(http://nhd.usgs.gov/), and data provided by the BLM San Luis Valley and Taos Field Offices.  

A composite map of all hydrologic features is shown in Figure A.2.1-1. 

http://www.fws.gov/wetlands/
http://nhd.usgs.gov/
http://www.fws.gov/wetlands/
http://nhd.usgs.gov/
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As estimated in the USGS report ñGroundwater Depletion in the United States (1900-2008)ò (Konikow 

2013), a cumulative total of 3.6 km
3
 of groundwater had been depleted from storage in confined and 

unconfined aquifers of the San Luis Valley between 1900 and 2008, primarily due to increased water 

demands to support agricultural developments.   

The assessment of current and future conditions for hydrologic features involved summarizing the 

vegetation departure, landscape intactness, and change agent models within HUC 12 watersheds. 

HUC12 boundaries were used to summarize the ways hydrologic systems may be affected within the San 

Luis Valley ï Taos Plateau study area. Figures A.2.1-2 through A.2.1-7 show, respectively: 

Figure A.2.1-2 - the HUC12 boundaries with respect to current vegetation departure; Figure A.2.1-3 - 

the HUC12 boundaries with respect to current and future landscape intactness in the study area; 

Figure A.2.1-4 - the HUC12 boundaries with respect to the current status of change agents; 

Figure A.2.1-5 - the HUC12 boundaries with respect to predicted areas of change; Figure A.2.1-6 - 

predicted trends within the study area; and Figure A.2.1-7 - the aggregate potential for change within 

HUC12 boundaries.  

 

The majority of vegetation within the HUC12 boundaries has a moderate degree of departure from 

historic reference vegetation conditions. Nearly 35% of the study area summarized to the HUC12 

boundaries has a high or very high degree of vegetation departure (Figure A.2.1-2).  

 

The majority (49%) of the study area summarized to the HUC12 boundaries is within areas of low and 

very low landscape intactness (Figure A.2.1-3). Future trends in landscape intactness indicate a decrease 

in landscape intactness within elk-mule deer potential habitat. The amount of potential habitat occurring 

within areas of high and very high landscape intactness is expected to decrease by approximately 10% in 

the near-term (i.e., by 2030) (FigureA.2.1-6). 

 

The majority (65%) of the HUC12 boundaries are within areas of low or very low human development 

intensity (Figure A.2.1-4). Future trends in human development indicate an increase in human 

development intensity within HUC12 boundaries. The amount of potential habitat occurring within areas 

of high and very high human development intensity is expected to increase by approximately 7.5% in the 

near-term (i.e., by 2030) (Figure A.2.1-6).  

 

The majority of the study area summarized to the HUC12 boundaries is within areas of moderate current 

climate change, as measured by the relative change in current precipitation and temperature from historic 

baseline period precipitation and temperature. Future trends in climate change indicate portions of the 

potential habitat distribution with high or very high potential for climate change in the future (i.e., by 

2069) (Figure A.2.1-5). Approximately 33% of the HUC12 boundaries are located in areas with high or 

very high potential for future climate change (Figure A.2.1-6). The greatest potential for future climate 

change occurs in the western and northwestern portion of the study area (Figure A.2.1-5). 

 

The majority of the study area summarized to the HUC12 boundaries is within areas of very low current 

fire occurrence density (Figure A.2.1-4). Future trends in wildfire indicate an increase in wildfire 

potential in some portions of the potential habitat distribution in the study area. The greatest potential for 

near-term future wildfire occurs in the southern portion of the potential habitat distribution in New 

Mexico (Figure A.2.1-5). 

 

The majority of the study area summarized to the HUC12 boundaries is within areas of either very low or 

very high current density of invasive species, insects, and disease (Figure A.2.1-4). Future trends indicate 

an increase in invasive species, insects, and disease potential in some portions of the study area. Areas of 

potential future spread of invasive species, insects, and disease include areas of urban and rural 
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expansion, spread of forest insects and disease, and spread of tamarisk along the Rio Grande in the 

southern portion of the study area (Figure A.2.1-5).  

 

Results of future change agent models were combined to represent an aggregate potential for change map. 

Overall, the majority of the HUC12 watersdheds are located in areas with moderate to high potential for 

change from the change agents (Figure A.2.1-7).  

 

In addition to the four change agents modeled in this LA, the distribution and availability of water 

through natural and human-altered hydrologic processes can also be considered a unique change agent 

that could influence the distribution and status of several Conservation Elements, including hydrologic 

systems. As one outcome of this LA, the role of water as a change agent has been identified as an 

information gap where future research efforts may be directed. Future research to characterize spatio-

temporal patterns of water availability and how these processes influence Conservation Elements is 

needed to adequately address the role of water availability on hydrologic systems.  
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Figure A.2.1-1.  Hydrologic features in the San Luis Valley ï Taos Plateau Landscape Assessment 

Study Area. Data Sources: data received from BLM, USGS 2013, and USFWS 2014a.
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Figure A.2.1-2.  Departure of Current Vegetation Conditions from Historic Vegetation Conditions within HUC12 Boundaries. Data 

Sources: Current Vegetation Departure (VDEP) (LANDFIRE v 1.1; USGS, 2008a), and USGS 2014a.  
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Figure A.2.1-3.  Current and Future Landscape intactness within HUC12 Boundaries. Data Sources: Argonne 2014 and USGS 2014a. 
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Figure A.2.1-4.  Illustration for MQD1: What is the current distribution and status of hydrologic systems? Data Sources: Argonne 2014 

and USGS 2014a. 
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Figure A.2.1-5.  Illustration for MQD3: Where are hydrologic systems vulnerable to change agents in the future? Data Sources: Argonne 

2014 and USGS 2014a.
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Figure A.2.1-6.  Predicted Trends in hydrologic systems within the Study Area 
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Figure A.2.1-7.  Potential for change within HUC12 boundaries. Data Sources: Argonne 2014 and USGS 2014a.
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A.2.2  MQB2: Where are Impaired Waters and Aquatic Systems? 
 

Dataset(s) and Source(s):  EPA 303(d) and 305(b) waters. Geospatial data available at 

http://water.epa.gov/scitech/datait/tools/waters/data/downloads.cfm. 

 

Geospatial data for the Environmental Protection Agency (EPA) Office of Water Programs, including 

303(d) Impaired Waters, 305(b) Waters As Assessed and Total Maximum Daily Loads (TMDLs) are 

available as prepackaged national downloads or as more current Geographical Information Systems (GIS) 

web and and data services. The EPA provides WATERS geospatial data in a variety of formats including 

GIS compatible shapefiles and geodatabases, as well as ESRI and OGC web mapping services. Features 

were identified in EPA 303(d) datasets. The explanation of 303(d) below is from the EPA website 

(http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/overview.cfm). 

 

The term ñ303(d) listò refers to the list of impaired and threatened waters (stream and river segments, 

lakes) that the Clean Water Act requires all states to submit for EPA approval every two years on even-

numbered years. The states identify all waters where required pollution controls are not sufficient to attain 

or maintain applicable water quality standards, and establish priorities for development of Total 

Maximum Daily Loads (TMDLs) based on the severity of the pollution and the sensitivity of the uses to 

be made of the waters, among other factors. States then provide a long-term plan for completing TMDLs 

within 8 to 13 years from first listing. 

 

The 303(d) Listed Impaired Waters program system provides impaired water data and impaired water 

features reflecting river segments, lakes, and estuaries designated under Section 303(d) of the Clean 

Water Act. Each State will establish Total Maximum Daily Loads (TMDLs) for these waters. Note the 

CWA Section 303(d) list of impaired waters does not represent waters that are impaired but have an EPA-

approved TMDL established, impaired waters for which other pollution control mechanisms are in place 

and expected to attain water quality standards, or waters impaired not caused by a pollutant. Therefore, 

the "Impaired Waters" layers do not represent all impaired waters reported in a state's Integrated Report, 

but only the waters comprised of a state's approved 303(d) list. For more information regarding impaired 

waters refer to EPA's Integrated Reporting Guidance at: http://www.epa.gov/owow/tmdl/guidance.html. 

The 303(d) waterbodies are coded onto NHD linear and area features to create line, area, and point events. 

In addition to NHD reach indexed data there may also be custom event data (point, line, or polygon) that 

are not associated with NHD and are in an EPA standard format that is compatible with EPA's Reach 

Address Database. These custom features are used to represent locations of 303(d) waterbodies that are 

not represented well in NHD. 

 

Locations of EPA 303(d) impaired waters and aquatic systems are shown in Figure A.2.2-1.

http://water.epa.gov/scitech/datait/tools/waters/data/downloads.cfm
http://water.epa.gov/lawsregs/lawsguidance/cwa/tmdl/overview.cfm
http://www.epa.gov/owow/tmdl/guidance.html
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Figure A.2.2-1.  Impaired waters and aquatic systems in the San Luis Valley ï Taos Plateau 

Landscape Assessment Study Area. Data Source: EPA 2013.
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A.2.3  MQB3: Where are Mountain Snowpack, Rainfall, and Alluvial Aquifers and Their 

Recharge Areas? 
 

Dataset(s) and Source(s):   

 

Snowpack Level:  NRCS SNOTEL Sites (http://www.wcc.nrcs.usda.gov/snow/). There are 11 SNOTEL 

sites within the study area that record and monitor snow pack levels. Annual average snow pack levels for 

each of these 11 sites were calculated over the past 6-10 years (number of years depends on data 

availability and varies by site). A summary of average annual snow pack levels at each of these sites is 

presented in Table A.2.3-1 and Figure A.2.3-1.  

 

Ephemeral Drainages:  National Hydrography Dataset (NHD) flowlines (http://nhd.usgs.gov/). This 

dataset was queried to identify all streams and rivers in the study area, including ephemeral, intermittent, 

and permanent streams. These streams serve as recharge areas and are identified in Figure A.2.3-2. 

 

Aquifers:  Data provided by BLM to characterize spatial extent of alluvial and bedrock aquifers in 

Colorado. The distribution of these aquifers in Colorado is shown in Figure A.2.3-3. 

 

Permitted Groundwater Wells in New Mexico: These data depict water tanks in North-central New 

Mexico. It was acquired by the Forest Ecosystem Restoration Analysis (ForestERA) project. Data were 

provided by the BLM Taos Field Office. The distribution of these permitted wells in New Mexico is 

shown in Figure A.2.3-3. 

 

Permitted Groundwater Wells in Colorado: These data depict well permits in Colorado. Data were 

provided by BLM San Luis Valley Field Office. The distribution of these permitted wells in Colorado is 

shown in Figure A.2.3-3. 

 

Table A.2.3-1.  Annual Average Snow Pack at SNOTEL Sites in the Study Area. Refer to Figure 

A.2.3-1 for the Distribution of These Sites in the Study Area (Data source: NRCS 2014). 

ID Site Name 

Average Annual 

Snow Pack Depth 

(Inches) Notes 

1 CULEBRA #2 15.8 Annual average of 10 years (2005 to 2014) 

2 CUMBRES 

TRESTLE 

27.7 Annual average of 10 years (2005 to 2014) 

3 LILY POND 14.4 Annual average of 10 years (2005 to 2014) 

4 TRINCHERA 11.1 Annual average of 10 years (2005 to 2014) 

5 MEDANO PASS 6.5 Annual average of 10 years (2005 to 2014) 

6 UTE CREEK 15.2 Annual average of 10 years (2005 to 2014) 

7 GRAYBACK 15.7 Annual average of 10 years (2005 to 2014) 

8 COCHETOPA PASS 4.7 Annual average of 10 years (2005 to 2014) 

9 HAYDEN PASS 17.7 This site has only 8 yrs of data (2007-2014) 

10 MOON PASS 9.6 This site has only 6 yrs of data (2009-2014) 

11 SARGENTS MESA 14.9 This site has only 6 yrs of data (2009-2014) 

http://www.wcc.nrcs.usda.gov/snow/
http://nhd.usgs.gov/
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Figure A.2.3-1.  Average Annual Snow Pack at SNOTEL Sites in the Study Area. Sites are 

labeled by IDs that are used in Table A.2.3-1. Data Source: NRCS 2014.
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Figure A.2.3-2.  Rivers, streams, and ephemeral drainages in the study area. Data Source: 

USGS 2013.
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Figure A.2.3-3.  Aquifers and permitted groundwater wells in the study area. Data Sources: 

data received from BLM and ForestERA 2006.
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A.2.4  MQB4: Where are Hydrologic Systems Vulnerable to Change Agents? 
 

Refer to Section A.2.1 above (MQB1). 

 

A.2.5  MQB5: Where are Areas Susceptible to Early Snow Melt Due to Dust on Snow? 

 

Dataset(s) and Source(s):     

 

¶ USGS 30 m Digital Elevation Model (used to identify areas of mountain snowpack) 

¶ Dust factors:  

 1. BLM fire perimeters (polygons) 

 2. LANDFIRE disturbance events (polygons) 

 3. SSURGO Wind Erodibility Groups (WEG) (polygons) 

 4. SSURGO Available Water Capacity (polygons) 

 5. LANDFIRE Existing Vegetation Types (EVT) (raster) 

 6. Oil and gas lease areas (polygons) 

 7. Mine locations (points) 

 

 

The process for identifying areas susceptible to early snow melt due to dust on snow involved 2 

parts. The first part focused on characterizing areas of potential mountain snow pack. This was 

accomplished by querying the DEM to areas encompassing the SNOTEL sites (see MQB03 for 

SNOTEL sites in the study area). Based on the elevations of the SNOTEL sites, elevations 

>9,000 ft were selected from the DEM to represent elevations of potential mountain snow 

accumulation.  

 

The second part focused on identifying areas where dust factors occurred. These factors included 

areas of fire, erodibility, vegetation type, and human development. The process model for 

integrating these datasets to identify dust source areas is shown in Figure A.2.5-1. The output 

dust source areas were then intersected with the area of potential mountain snow accumulation 

(determined in step 1) to characterize mountain snow pack areas that may be susceptible to dust 

on snow from the dust source factors. The map of the output model is shown in Figure A.2.5-2. 

An additional study examines the impacts of solar development on air quality (Chang et al. 

2016).
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Figure A.2.5-1.  Geoprocessing steps to Characterize the Union of Dust Source Factors. 
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Figure A.2.5-2.  Areas of potential mountain snow pack susceptible to dust source factors. 

Data Sources: Data received from BLM, USGS 2010a,b, NRCS 2015. 
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A.2.6  What are the Seasonal Discharge Maxima and Minima for the Rio Grande, Closed 

Basin, and Major Tributaries at Gaging Stations? 
 

 
A total of 36 gaging stations were identified in the study area with a minimum of 10 years of available 

daily discharge statistics. Discharge statistics were obtained from USGS (http://waterdata.usgs.gov/nwis) 

for the periods of data availability through September 2014. Average seasonal maximum and minimum 

discharge (cubic feet per second) were calculated at each gaging station across all available years and 

presented below in Table A.2.6-1. The total number of years available for each gaging station is 

presented in the column óYearsô. The seasonal discharge results are also presented in Figures A.2.6-1 to 

A.2.6-4. 

http://waterdata.usgs.gov/nwis
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Table A.2.6-1.  Seasonal Maxima and Minima for Gage Stations. Data Source: USGS 2014b. 

     

Seasonal Discharge Maxima/Minima (Cubic Feet per Second) 

ID Gage Station LONGITUDE  LATITUDE  Years 

Spring 

Minimum  

Spring 

Maximum 

Summer 

Minimum  

Summer 

Maximum 

Fall 

Minimum  

Fall 

Maximum 

Winter 

Minimum  

Winter 

Maximum 

1 RIO GRANDE NEAR DEL 

NORTE, CO. 

-106.46115 37.68945 20 482.0 3620.0 443.0 1680.0 175.0 656.0 163.0 445.0 

2 CONEJOS RIVER NEAR 
MOGOTE, CO. 

-106.18753 37.05390 20 144.0 1240.0 140.0 612.0 42.0 181.0 44.0 136.0 

3 SAN ANTONIO RIVER AT 

ORTIZ, CO. 

-106.03863 36.99307 20 2.2 147.0 0.7 4.6 1.8 5.1 2.7 45.0 

4 LOS PINOS RIVER NEAR ORTIZ, 

CO. 

-106.07363 36.98224 20 91.0 603.0 17.0 95.0 15.0 31.0 16.0 85.0 

5 CONEJOS RIVER NEAR 
LASAUSES, CO. 

-105.74696 37.30029 20 117.0 531.0 11.0 209.0 17.0 61.0 63.0 202.0 

6 COSTILLA CREEK ABOVE 

COSTILLA DAM, NM 

-105.25467 36.89836 19 7.6 34.0 3.0 7.3 2.4 4.5 4.7 7.4 

7 CASIAS CREEK NEAR 

COSTILLA, NM 

-105.26046 36.89686 20 5.7 36.0 5.9 23.0 2.9 6.3 5.5 7.3 

8 SANTISTEVAN CREEK NEAR 
COSTILLA, NM 

-105.28111 36.88417 20 0.7 5.6 1.0 3.5 0.5 1.1 0.7 0.8 

9 COSTILLA CREEK BELOW 

COSTILLA DAM, NM 

-105.28367 36.87281 20 0.3 68.0 10.0 68.0 0.1 10.0 0.0 0.3 

10 COSTILLA CREEK NEAR 

COSTILLA, NM 

-105.50695 36.96697 20 26.0 139.0 31.0 83.0 9.4 20.0 8.0 29.0 

11 COSTILLA CREEK NEAR 
GARCIA, CO 

-105.53246 36.98903 20 0.0 35.0 1.1 28.0 0.0 7.6 0.7 6.7 

12 RIO GRANDE NEAR CERRO, NM -105.68529 36.73475 20 317.0 986.0 171.0 491.0 180.0 326.0 317.0 625.0 

13 RED RIVER NEAR QUESTA, NM -105.56834 36.70336 20 25.0 146.0 23.0 70.0 11.0 23.0 13.0 25.0 

14 RED RIVER BELOW FISH 

HATCHERY, NEAR QUESTA, 
NM 

-105.65640 36.68169 20 52.0 191.0 48.0 97.0 38.0 50.0 39.0 51.0 

15 RIO HONDO NEAR VALDEZ, 

NM 

-105.55640 36.54169 20 18.0 116.0 18.0 55.0 10.0 18.0 9.6 18.0 

16 RIO PUEBLO DE TAOS NEAR 

TAOS, NM 

-105.50362 36.43947 20 25.0 103.0 8.1 26.0 6.7 9.4 6.3 25.0 

17 RIO LUCERO NEAR ARROYO 
SECO, NM 

-105.53084 36.50836 20 12.0 67.0 10.0 32.0 5.8 10.0 5.4 12.0 

18 RIO GRANDE DEL RANCHO 

NEAR TALPA, NM 

-105.58251 36.29780 20 12.0 94.0 4.5 12.0 4.1 6.8 3.9 12.0 

19 RIO PUEBLO DE TAOS BELOW 

LOS CORDOVAS, NM 

-105.66862 36.37752 20 42.0 224.0 11.0 40.0 15.0 32.0 28.0 51.0 

20 RIO GRANDE BLW TAOS 
JUNCTION BRIDGE NEAR 

TAOS, NM 

-105.75446 36.32002 20 569.0 1600.0 329.0 949.0 341.0 512.0 498.0 851.0 

21 RIO PUEBLO NR PENASCO, NM -105.60279 36.16847 20 35.0 191.0 11.0 78.0 8.4 15.0 7.8 33.0 
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Seasonal Discharge Maxima/Minima (Cubic Feet per Second) 

ID Gage Station LONGITUDE  LATITUDE  Years 

Spring 

Minimum  

Spring 

Maximum 

Summer 

Minimum  

Summer 

Maximum 

Fall 

Minimum  

Fall 

Maximum 

Winter 

Minimum  

Winter 

Maximum 

22 EMBUDO CREEK AT DIXON, 

NM 

-105.91363 36.21086 20 55.0 292.0 22.0 64.0 25.0 41.0 28.0 68.0 

23 RIO GRANDE AT EMBUDO, NM -105.96419 36.20558 20 646.0 1840.0 350.0 976.0 367.0 547.0 528.0 899.0 

24 RIO OJO CALIENTE AT LA 
MADERA, NM 

-106.04419 36.34974 20 13.0 352.0 6.7 21.0 9.5 24.0 19.0 116.0 

25 RIO CHAMA NEAR CHAMITA, 

NM 

-106.11169 36.07391 20 535.0 1380.0 380.0 698.0 151.0 436.0 137.0 531.0 

26 CLOSED BASIN PROJECT 

CANAL NEAR ALAMOSA 

-105.76500 37.47580 21 25.1 36.6 19.3 26.0 20.0 25.9 23.1 43.6 

27 SAGUACHE CREEK NEAR 
SAGUACHE 

-105.71167 38.16000 20 40.4 160.7 48.7 151.7 27.8 48.5 35.2 100.9 

28 KERBER CREEK NEAR VILLA 

GROVE 

-105.91300 38.22000 11 6.4 43.2 2.9 42.8 2.6 5.9 3.4 13.9 

29 LAJARA CREEK AT GALLEGOS 

RANCH NEAR CAPULIN 

-105.81417 37.20917 20 18.1 167.8 7.2 161.9 4.7 729.9 4.7 56.8 

31 SAN ANTONIO RIVER AT 
ORTIZ 

-105.96333 36.99250 20 30.2 151.5 1.2 31.0 0.8 12.4 4.7 24.8 

32 CONEJOS RIVER NEAR 

MOGOTE 

-105.81417 37.05250 20 145.5 1248.5 155.3 1201.1 55.6 188.7 65.4 270.6 

33 CONEJOS RIVER BELOW 

PLATORO RESERVOIR 

-105.45667 37.35333 20 21.2 287.5 83.7 346.7 4.8 141.7 4.6 24.7 

34 ALAMOSA RIVER BELOW 
TERRACE RESERVOIR 

-105.72167 37.35333 20 19.0 519.9 65.2 464.3 2.7 65.7 2.2 5.0 

35 ALAMOSA RIVER BELOW 

RANGER CREEK NEAR JASPER 

-105.62000 37.39083 10 85.1 457.7 34.1 411.6 12.3 111.2 0.0 0.0 

36 ALAMOSA RIVER ABOVE 

TERRACE RESERVOIR 

-105.66833 37.37167 20 46.0 547.6 43.5 513.8 24.9 182.7 6.6 54.0 

37 ALAMOSA RIVER ABOVE 
WIGHTMAN FORK NEAR 

JASPER 

-105.48000 37.40167 13 22.7 447.6 31.0 436.4 10.5 57.0 0.0 0.0 
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Figure A.2.6-1.  Spring Minimum and Maximum Discharge (cfs) at 36 Gage Stations in the San Luis Valley-Taos Plateau Study Area. 

Data Source: data received from BLM, USGS 2013 and 2014b.  
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Figure A.2.6-2.  Summer Minimum and Maximum Discharge (cfs) at 36 Gage Stations in the San Luis Valley-Taos Plateau Study Area. 

Data Source: data received from BLM, USGS 2013 and 2014b.  
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Figure A.2.6-3.  Fall Minimum and Maximum Discharge (cfs) at 36 Gage Stations in the San Luis Valley-Taos Plateau Study Area. Data 

Source: data received from BLM, USGS 2013 and 2014b.  
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Figure A.2.6-4.  Winter Minimum and Maximum Discharge (cfs) at 36 Gage Stations in the San Luis Valley-Taos Plateau Study Area. 

Data Source: data received from BLM, USGS 2013 and 2014b. 
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A.2.7  Where are the Confined and Unconfined Recharge or Discharge Areas? 
 

See Section A.2.3 (MQB3) for mapped results of aquifers and permitted groundwater wells that serve as 

areas of recharge and discharge.   

 

Aquifers and permitted groundwater wells in the study area are shown in Figure A.2.7-1. An assessment 

of groundwater trends is provided below. 

 

 
Figure A.2.7-1.  Aquifers and permitted groundwater wells in the study area. (See Section 

A.2.3 for details on data and map development). Data Sources: data received from BLM 

and ForestERA 2006.
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Assessment of Groundwater Trends in the Study Area 

 

Data sources:  

¶ USGS Groundwater Watch Network 

(http://groundwaterwatch.usgs.gov/StateMap.asp?sa=CO&sc=08) 

¶ USGS National Ground Water Information System (http://waterdata.usgs.gov/nwis/gw)  

  

 

The Groundwater Watch Network focuses on a smaller population of actively monitored wells and selects 

appropriate wells for inclusion in identifiable networks. These networks have specific criteria for the 

wells that are selected and enable ready analysis of the information on a national basis. 

 

The Active Groundwater Level Network contains water levels and well information from more than 

20,000 wells that have been measured by the USGS or USGS cooperators at least once within the past 13 

months. This network includes all of these wells, regardless of measurement frequency, aquifer 

monitored, or the monitoring objective.  

 

The U.S. Geological Survey has a database/archive of about 850,000 wells across the Nation. Information 

about these wells is available to the world via NWISWeb (http://waterdata.usgs.gov/nwis/gw). Through 

various groundwater programs, the USGS actively measures water levels in, or collects data from more 

than 20,000 of these wells each year. These wells are measured for a variety of disparate purposes, such 

as statewide monitoring programs, or more local effects like monitoring well drawdown, hydrologic 

research, aquifer tests, or even earthquake effects on water levels. The locations of active groundwater 

monitoring wells, as part of the USGS Groundwater Watch Network, are shown in Figure A.2.7-2. 

 

There also are a variety of networks among these actively measured wells; a National Climate Response 

Network for wells, Regional Networks like the High Plains Aquifer Monitoring Program that is designed 

to monitor storage changes in the High Plains Aquifer, state-based networks that are designed to monitor 

statewide groundwater conditions, and local networks designed to monitor pumping effects. 

The USGS National Water Information System (NWIS) contains extensive water data for the nation, 

including temporal trends in groundwater levels at monitored locations. The USGS annually monitors 

groundwater levels in thousands of wells in the United States. Groundwater level data are collected and 

stored as either discrete field-water-level measurements or as continuous time-series data from automated 

recorders. Data from some of the continuous record stations are relayed to USGS offices nationwide 

through telephone lines or by satellite transmissions providing access to current groundwater data. 

As estimated in the USGS report ñGroundwater Depletion in the United States (1900-2008)ò (Konikow 

2013), a cumulative total of 3.6 km
3
 of groundwater had been depleted from storage in confined and 

unconfined aquifers of the San Luis Valley between 1900 and 2008, primarily due to increased water 

demands to support agricultural developments. Groundwater depletion in the San Luis Valley from 1900 

to 2008 is shown in figure A.2.7-3. 

 

Groundwater statistics for monitored sites in the study area were obtained from NWIS. Annual average 

depth to water was calculated among all monitored sites from 1980 to 2014. A linear regression model 

(using ordinary least squares) resulted in a statistically significant linear temporal relationship in average 

annual depth to groundwater among monitored wells in the study area over the time period 

(Figure A.2.7-4). On average, depth to groundwater increased by 0.26 ft per year over a 35 year period 

between 1980 and 2014.

http://groundwaterwatch.usgs.gov/StateMap.asp?sa=CO&sc=08
http://waterdata.usgs.gov/nwis/gw
http://waterdata.usgs.gov/nwis/gw
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Figure A.2.7-2.  Active monitoring well locations as part of the USGS 2015.
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Figure A.2.7-3.  Cumulative groundwater depletion in the San Luis Valley, Colorado, 1900 through 

2008 (from Konikow 2013). 

 
 
 

 
Figure A.2.7-4.  Average depth to groundwater among USGS National Water Information System 

sites within the study area monitored from 1980 to 2014. 
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A.3  Management Questions for Ecological Systems Conservation Elements 
 

  

C. Ecological Systems Conservation Elements 

MQC1 Where are existing vegetative communities?  

Refer to Appendix B 

MQC2 Where are vegetative communities vulnerable to change agents in the future?  

Refer to Appendix B 

MQC3 Where are areas of highest carbon sequestration and what are conditions and trends of 

carbon sequestration in the study area? 

See Below 

MQC4 What change agents have affected existing vegetation communities?  

Refer to Appendix B 

MQC5 How will vegetation communities be altered (e.g. state and transition) according to the 

change agents? 

 

Additional time and modeling requirements are needed to address this MQ. This 

MQ was not addressed in this Landscape Assessment but has been identified as an 

information gap for potential future study. Spatial datasets such as LANDFIRE 

Biophysical Settings (BPS) and modeling tools such as ST-Sim (Apex Resource 

Management Solutions, 2015) could be used to spatially represent state and 

transition models and illustrate how vegetation communities may respond to 

change agents.  
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A.3.1  MQC3: Where are Areas of Highest Carbon Sequestration and What are Conditions 

and Trends of Carbon Sequestration in the Study Area? 
 

The map of global vegetation biomass carbon stocks at 1km resolution (Ruesch and Gibbs 2008) 

was used to characterize vegetation carbon biomass in the San Luis Valley ï Taos Plateau study 

area.   

 

The vegetation biomass carbon database was created in two main steps (Ruesch and Gibbs 

2008): 1) estimate carbon stocks, and 2) map values using a range of spatially explicit climate 

and vegetation datasets. Creators followed the IPCC GPG Tier1 method for estimating 

vegetation carbon stocks using the globally consistent default values provided for aboveground 

biomass. They added belowground biomass (root) carbon stocks using the IPCC root to shoot 

ratios for each vegetation type, and then converted total living vegetation biomass to carbon 

stocks using the carbon fraction for each vegetation type (varies between forests, shrublands and 

grasslands). All estimates and conversions were specific to each continent, ecoregion and 

vegetation type (stratified by age of forest). Thus, the global dataset compiled a total of 

124 carbon zones or regions with unique carbon stock values based on the IPCC Tier1 methods. 

Please refer to Tables 1a-i 

(http://cdiac.ornl.gov/epubs/ndp/global_carbon/carbon_documentation.html) to review the 

details associated with each of these carbon zones. 

 

The global gridded dataset depicts vegetation biomass carbon stocks at the native processing 

resolution of 0.0089 decimal degrees (e.g., 1 km reporting units). The 1km data is expressed in 

0.01 tons of biomass carbon per hectare. Based on the model developed by Ruesch and Gibbs (2008), the 

map of vegetation carbon biomass in the study area is shown in Figure A.3.1-1. This dataset was queried 

to select areas with > 3,300 tons carbon biomass per hectare to represent areas with highest carbon 

sequestration in the study area. The evaluation of current and potential future condition within areas of 

highest carbon sequestration involved the processing steps illustrated in Figure A.3.1-2, whereby the 

areas of high carbon sequestration were intersected with the current and near-term future landscape 

intactness models. The results were evaluated by calculating the proportion of landscape intactness 

categories within the area of high carbon sequestration. Current and near-term future condition within the 

areas of high carbon sequestration are shown in Figures A.3.1-3 and A.3.1-4, respectively. 

http://cdiac.ornl.gov/epubs/ndp/global_carbon/carbon_documentation.html
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Figure A.3.1-1.  Vegetation Carbon Biomass. Data Source: Ruesch and Gibbs (2008).










































































































































































































































































































































































































































































































































































































































































































































































































