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EXECUTIVE SUMMARY  
 
Climate change effects on physical and biological systems have occurred globally for at 
least four decades. These effects already are acute in the western U.S. and are expected to 
continue in the future. In New Mexico, observed climate-linked effects include declines 
in snowpack, earlier peak stream flows, forest mortality, and population declines in 
sensitive species. Consequently, conservation practitioners and natural resource managers 
in the region need to better understand impacts of climate change so they can make 
informed decisions about prioritizing where to work and, in turn, how to implement 
effective adaptive management strategies.   
 
This is the second of three reports focused on assessing the biodiversity conservation 
implications of climate change in New Mexico. This document maps and analyzes recent 
trends (1970-2006) in a combined temperature-precipitation variable, called climate 
water deficit, that indicates biological moisture stress, or drying. A newly available 
climate change analysis toolbox, the ClimateWizard, was used to generate and 
summarize water deficit trends by watersheds. We also identified recent trends in 
snowpack and the timing of peak streamflows to further examine the physical 
implications of regional climate change. To evaluate the conservation implications of 
these trends, we relate climate water deficit (i.e., moisture stress) in watersheds to the 
number of species with conservation status occurring within them. Key findings include: 
 

·  93% of New Mexico’s watersheds have experienced increasing annual trends in 
moisture stress during 1970-2006, that is, they have become relatively drier over 
the 30+ year period.  

 
·  Snowpack in New Mexico’s major mountain ranges has declined over the past 

two decades in 98% of the sites analyzed. In addition, the timing of peak 
streamflow from snowmelt in the State is an average of one week earlier than in 
the mid-20th century. Watersheds with the greatest declines in snowpack are those 
that have experienced the greatest drying between 1970-2006. 

 
·  Watersheds with the highest numbers of sensitive species tend be those showing 

the greatest increase in moisture stress or drying. 
 

·  Three sensitive species-rich watersheds in New Mexico may be particularly 
vulnerable to ongoing climate change based on the magnitude of their moisture 
stress: the Jemez, Cloverdale, and Playas Lake watersheds. These watersheds 
have already experienced climate change-linked ecological effects and, in the case 
of the Jemez, significant declines in snowpack. 
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·  We identified four sensitive species-rich watersheds that have experienced very 
little change in moisture stress: the Pecos Headwaters, Upper Rio Grande, Upper 
Gila, and San Francisco. In addition to the three most vulnerable, these four 
watersheds may warrant high priority status for near-term conservation and 
management because action in these areas may have the greatest chance for 
success given their overall lower exposure to recent climate change.  

 
Using This Information: 
 
This document provides a framework for understanding the conservation implications of 
climate change that is based on an ecologically relevant climate variable that measures 
biological moisture stress. Using our approach enables managers and conservation 
practitioners to assess landscapes that may be more or less impacted by recent climate 
change relative to their conservation importance. In turn, land managers can direct 
immediate action and resources to high priority landscapes, facilitating a more strategic 
and focused investment in adaptation measures.  
 
The report provides compelling information about where in New Mexico climate change 
may already be having a major impact. We use a retrospective approach that avoids 
becoming sidetracked by issues of uncertainty associated with future climate change 
predictions. However, because of its inherent flexibility, the framework can readily 
incorporate regional climate change projections in addition to other relevant spatial data 
sets (e.g., alternative biodiversity indices, altered disturbance regimes, or other 
anthropogenic stressors) as next steps in a more comprehensive assessment.  
 
The forthcoming third report in our climate change impacts assessment series will build 
upon the results of the first two reports by adding future climate change predictions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

    Santa Fe Canyon Preserve © Alan Eckert 
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STATEMENT OF THE PROBLEM  
 
Climate change impacts to physical and biological systems have been occurring globally 
since at least 1970 (Rosenzweig et al. 2008). The western U.S. is no exception with 
warming trends that exceed the global average, declines in mountain snowpack, earlier 
peak flows in streams, and altered fire regimes–all of which are already affecting the 
region’s species and ecosystems. These effects include forest dieback, bark beetle 
outbreak, population declines in endemic and widespread species, shifts in species’ 
distribution, and phenological changes (Inouye 2000, Breshears et al. 2005, Stewart et al. 
2005, Mote et al. 2005, Gitlin et al. 2006, Westerling et al. 2006, Martin 2007, Kelly & 
Goulden 2008, Enquist & Gori 2008). Such regional impacts are projected to continue, 
further intensifying the competition between growing human populations and natural 
systems for already over-allocated water resources (Hoerling & Eisheid 2007, Seager et 
al. 2007, McCabe & Wolock 2007, Barnett et al. 2008). 
 
In order to formulate effective management responses to these impacts, conservation 
practitioners and natural resource managers in water-limited regions such as the western 
U.S. are challenged with identifying areas most impacted by climate change. Clearly, 
workers in these professions need immediate access to information, tools, and guidance 
to better understand the regional impacts of climate change and subsequently to make 
informed decisions at regional to local scales (U.S. GAO 2007, McCarthy et al. 2008).  
 
To this end, our first of three reports investigated the regional impacts of recent climate 
change on major habitat types in New Mexico and on conservation priorities identified by 
The Nature Conservancy and by the New Mexico Department of Game and Fish in their 
Comprehensive Wildlife Conservation Strategy, or state wildlife action plan (Enquist & 
Gori 2008).  We found that most of New Mexico’s mid to high-elevation woodlands and 
forests have experienced consistently warmer and drier conditions or greater variability in 
temperature and precipitation from 1991-2005 compared to an earlier baseline period 
(1960-1990). In contrast, most grasslands experienced warmer-wetter conditions from 
1991-2005, especially Great Plains grasslands in eastern New Mexico.  
 
We highlighted 11 high-elevation key conservation areas that are vulnerable to climate 
change due to their large number of drought-sensitive species and the magnitude of their 
recent climate exposure (i.e., warmer-drier conditions or greater variability in 
temperature and precipitation). Three areas may be particularly vulnerable: the Sierra San 
Luis/Peloncillo Mountains, the Jemez Mountains, and the Southern Sangre de Cristo 
Mountains. In contrast, 10 lower-elevation conservation sites that are also rich in 
drought-sensitive species experienced lower climate exposure. These include Bottomless 
Lakes, Bitter Lake and Blue River/Eagle Creek—all riparian sites rich in native fish 
species. Other sites with fewer or no drought sensitive species experienced even lower 
climate change exposure from 1991 to 2005. These include the Western Plains of San 
Augustin, Middle Pecos River, Salado Creek, and Pastura Grasslands—all riparian or 
grasslands sites and all but one located in eastern New Mexico.  
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In this second report, we analyze the impact and conservation implications of recent 
climate change on New Mexico’s watersheds and water resources using a novel 
approach.  Because water availability is a critical driver of vegetation structure and 
ecosystem processes in arid ecosystems, we specifically derived a water balance variable 
that can be used as an indicator of potential biological moisture stress (Stephenson 1998, 
Kerkhoff et al. 2004). Referred to as “climate water deficit,” the variable combines 
temperature and precipitation and estimates the difference or deficit between potential 
and actual evapotranspiration. This variable has been shown to influence critical 
thresholds in the distribution of vegetation communities (Stephenson 1990, 1998; van 
Mantgem & Stephenson 2007; Littell et al. 2008).  For example, in semi-arid forests and 
woodlands of the southwestern U.S., persistent warming and drought are likely to 
produce extreme moisture stress that can subsequently cause increased susceptibility to 
insect outbreak, wildfire, mortality, and, ultimately, shifts in vegetation type and 
distribution (Burkett et al. 2005, Allen 2007). Furthermore, the overall availability of 
water will strongly influence the capacity of natural systems to provide critical services 
for humans now and in the future (Millennium Ecosystem Assessment 2005). 
 
Here, we employ a newly available analytical tool, the ClimateWizard toolbox, to map 
and analyze long-term trends in climate water deficit (e.g., moisture stress) summarized 
by USGS HUC-8 watersheds for New Mexico (Girvetz et al. 2008). We also identify 
recent trends in snowpack and the timing of peak-runoff from streams to further examine 
the physical implications of regional climate change. Finally, to evaluate the conservation 
implications of these trends, we relate climate water deficit in watersheds to the number 
of species with conservation status occurring within them. Overall, we believe this 
approach provides a framework for assessing the impacts of climate change at a scale 
appropriate for prioritizing and planning conservation and management action as a near-
term response to recent climate change. The forthcoming third and last report in our 
series will incorporate projected future climate changes into this framework to provide 
perspective for longer-term, regionally-scaled conservation planning and management 
processes. 
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METHODS 
 
Study Area 
 
This study focused on New Mexico, a semi-arid state in the southwestern U.S. Due to its 
complex topography, geology, climate, and relatively large size (315,113  km2), New 
Mexico ranks as fourth in biological diversity in the contiguous U.S. (Frazier 2007). We 
evaluated 74 USGS HUC-8 (1:250,000 scale) watersheds (>3000 ha in size) contained 
within the state’s political boundaries for trends in climate water deficit. We evaluated 
the elevation attributes for each watershed using a digital elevation model of New 
Mexico generated at a cell resolution of 4 km2. The cells with the highest elevation were 
found in the Upper Rio Grande watershed (3563 m), whereas the Lower Pecos-Red Bluff 
Reservoir watershed contained cells with the lowest elevation (872 m). The Pecos 
Headwaters contained the maximum altitudinal range (2025 m) of all watersheds in the 
state. 
 
   

FIGURE 1. Map of vegetation types in New Mexico. Gray lines delineate USGS HUC-8 watersheds. Base data 
source: USGS Southwest Regional Gap Analysis Project (2004). 
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Generation of Moisture Stress Maps 
 
Following Stephenson (1990, 1998), we defined climate water deficit (D) as the 
difference between potential evapotranspiration and actual evapotranspiration, D = PET – 
AET, where we assumed that actual evapotranspiration (AET) is equivalent to 
precipitation (PPT, mm) when PPT is less than PET. This circumstance is typical of arid 
to semi-arid regions such as New Mexico and the southwestern U.S.  We calculated 
estimates of PET using the Hamon method (Hamon 1961): 
 
                                           213.97Hamon tPET dD W= , 
 
where  d is the number of days in a month, and D is the mean monthly hours of daylight 
(in units of 12 hours). Wt is a saturated water vapor density term calculated by: 
 

                  0.0624.95
100

T

t

e
W = , 

 
where T is the monthly mean temperature in degrees Celsius, calculated as the average of 
the mean daily minimum and mean daily maximum monthly temperatures. PET was set 
to zero when mean monthly temperature was below zero. The Hamon equation has been 
used for many regional level hydrologic analyses, such as for estimating the temporal 
variability in historic and future water runoff patterns (Wolock and McCabe 1999, 
McCabe & Wolock 2007, Ellis et al. 2008). 
 
We generated PET and AET (or PPT) values for every 4 km2 grid cell across New 
Mexico for every month from 1970-2006 using the PRISM monthly time-series datasets 
of temperature and precipitation (Daly et al. 1994). The PRISM model estimates monthly 
temperature and precipitation at a fine-scale spatial resolution (4 km2) using a 
combination of climate station data, a digital elevation model and expert-based 
knowledge of complex climatic processes, such as rain shadows and temperature 
inversions. Using this time-series of climate water deficit maps, we calculated annual 
averages (Dave) and annual linear trends (Dtrend) in moisture stress over the time period 
1970-2006. Trends can either be increasing or decreasing or no trend may exist. 
Significant increasing trends indicate that the annual climate water deficit has increased 
for that unit area over time, resulting in increasing moisture stress and drying during the 
30+ year period. We also calculated seasonal averages and trends in D for winter 
(December-February), spring (March-May), summer (June-August), and fall (September-
November). Generation of seasonal D values allowed a more complete understanding of 
the cumulative annual D values (i.e., which seasons contributed most to annual values). 
All analyses were conducted using the recently developed ClimateWizard analysis tool 
which yields spatially explicit numerical results and maps (Girvetz et al. 2008). 
 
Evidence of Recent Changes in Hydrology 
 
To further understand recent changes in hydrology, we analyzed available data sets on 
snowpack depth and the timing of peak runoff from snowmelt in mountainous areas of 
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New Mexico; both variables are affected by increasing temperatures, particularly in late 
winter and early spring (Dettinger & Cayan 1995, Stewart et al. 2005).  
 
The Snowpack Telemetry (SNOTEL) system of the USDA Natural Resources 
Conservation Service has been automatically collecting snowpack data since 1980. There 
are 20 high elevation SNOTEL sites across New Mexico, 14 with periods of record from 
17 to 27 years. For these 14 sites, we compiled snow water equivalent (SWE) 
measurements (in inches) from March 1st and April 1st and used least squares linear 
regression analysis to detect trends in snowpack for both dates.  
 
Stewart et al. (2005) analyzed the timing of peak run-off at U.S. Geological Survey 
(USGS) stream gages across the western U.S. (specific methods described therein) and 
demonstrated an overall shift in the timing of spring snowmelt during 1948-2002 relative 
to 1951-1980. These data and the geographical locations of stream gages were provided 
by the study’s authors for the 18 lower to mid-elevation sites analyzed in New Mexico.  
 
Analysis of Conservation Priorities 
 
We asked whether there were any clear patterns of moisture stress (i.e., D) with respect to 
the conservation value of an area, where conservation value was measured by the number 
of species of greatest conservation need (hereafter referred to as sensitive species).  To do 
this analysis we used a spatial data set developed by the Southwest Regional Gap 
Assessment (USGS SWReGAP) for use in the New Mexico Department of Game and 
Fish’s state wildlife action plan (NMDGF 2006). Over 450 sensitive species across eight 
taxonomic groups (excluding plants) were originally identified by the NMDGF after an 
extensive evaluation of both ecological and threats attributes. Modeled habitat data for 
each species (USGS 2007) were then compiled and tabulated by USGS HUC-8 
watersheds (Steeves & Nebert 1994).  
 
We used the ClimateWizard analysis tool to calculate annual and seasonal Dtrend values 
for the time period 1970-2006 for each HUC-8 watershed. We analyzed these trends 
relative to the number of sensitive species associated with each watershed. To facilitate 
the prioritization of watersheds for conservation action, we adapted the approach of 
Margules & Pressey (2000) and plotted the number of sensitive species (i.e., conservation 
importance as a surrogate of irreplaceability) against values of exposure (i.e., annual 
Dtrends as a surrogate of vulnerability). We then delineated four equally proportioned 
quadrants to represent categories of watershed status. In particular, we identified 
watersheds of high species richness with both strong (i.e., more exposure) and weak (i.e., 
less exposure) trends in D. We presumed that all sensitive species are likely to be 
impacted by rapid and abrupt climate change to some degree, despite adaptive ability, 
given that they were identified at least in part because of attributes (e.g. rarity, endemism, 
declining populations, etc.) that may render them sensitive to climatic changes and other 
stressors (Sala et al. 2000). 
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RESULTS 
 
Trends in Moisture Stress 
 
A majority of watersheds in New Mexico (93% or 69 of 74) have experienced an increase 
in average annual climate water deficit (Dtrend) between 1970-2006 (two-tailed sign test, 
p<0.001). The magnitude of temporal trends was positively correlated with mean 
watershed elevation (p<0.001, r2=0.3), with lower elevation watersheds having greater 
increases in Dtrend than did higher elevation watersheds (Fig. 2a). Thus, lower elevation 
watersheds have experienced greater drying than higher elevation watersheds over the 
last 37 years. The greatest increases (> 2 mm/yr) occurred below 1600 m elevation, while 
three of the four watersheds with decreases in Dtrend occurred above this elevation. 
Average annual deficit values (Dave) also varied with elevation, with lower elevation 
watersheds showing significantly larger Dave than those with higher mean elevations 
(p<0.001, r2=0.687). When viewed together, Dave and Dtrend are positively correlated 
(p<0.001, r2=0.35) suggesting that the driest watersheds have become drier than have 
more mesic watersheds (Fig. 2b). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
There was noticeable geographic variability in annual Dtrend (Fig. 3). Three watersheds 
experienced statistically significant (p<0.05) increasing Dtrends when averaged across the 
entire watershed unit: Jemez (mean elevation=2070 m) in north-central New Mexico, and 
Cloverdale (mean elevation=1606 m) and Playas Lake (mean elevation=1421 m) in the 
southwestern part of the state. 
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FIGURE  2. Scatter plots examining the relationship between annual trend in climate water deficit (Dtrend) between 1970-
2006 with (A) median watershed elevation, and (B) each watershed’s annual average climate water deficit (Dave).   
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Nonetheless, portions of watersheds in three quadrants of the state (NW, SW, SE) also 
experienced statistically significant annual trends (Fig. 3). Seasonal maps of Dtrends show 
this spatial variability, and, in addition, highlight the temporal variability in Dtrends, with 
clusters of significantly drier grid cells within watersheds distributed across the state in 
three of the four seasons (spring, summer, fall; Fig. 4). For example, portions of the 
Jemez watershed experienced significant Dtrends in spring and fall. The two southwestern 
watersheds were the only ones that showed overall significant increasing seasonal Dtrends  
in spring, in addition to strong trends (p<0.1) in fall (Appendix 1). 

Annual trend in D 
(mm/yr)

High : 5

Low : -5

FIGURE  3. Map of annual trends in climate water deficit (D) for New Mexico between 1970-2006. The darkest 
red grids cells represent those with significantly increasing trends in D (p<0.05). Gray lines delineate USGS 
HUC-8 watershed units. Major rivers are (from west to east): the Gila River, Rio Grande, Pecos River, and the 
Canadian River. 
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Observed Trends in Snowpack & Peak Run-off  
 
Of 14 high-elevation SNOTEL stations, 13 showed declines in March 1st snow water 
equivalent (SWE) amounts; this relationship is highly significant in the aggregate (two-
tailed sign test, p=0.002). However, only the Bateman station (Rio Chama watershed) 
showed a statistically significant decrease in SWE over the station’s period of record (27 
years; p=0.02, r2=0.2) (Fig. 5). Similarly, 11 out of 12 stations with snowpack on April 
1st also showed declines in SWE (two-tailed sign test, p<0.01). Five of these stations 

Winter  

Summer 

Spring 

Fall 

Seasonal trend D (mm/yr)

High : 2.5

Low : -2.5

FIGURE 4.  Maps of seasonal trends in climate water deficit (D) for New Mexico between 1970-2006. The 
darkest red grids cells represent those with significantly increasing trends in D (p<0.05). Gray lines delineate 
HUC-8 watersheds. 
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were statistically significant, two in the Jemez watershed (Quemazon, Senorita Divide) 
and three in the Rio Chama watershed (Bateman, Chamita, Hopewell) (Appendix 2, 
white columns). When snowpack trends were averaged across all analyzed SNOTEL sites 
in New Mexico, we found an overall decline of 3.8 inches (96.5 mm) on March 1st (14 
stations) and 6.8 inches (172.7 mm) on April 1st (12 stations) during the time between 
1980-2006. 
 
Stream flow data from 18 stream gages across New Mexico showed that, on average, the 
timing of peak run-off from snowmelt occurred seven days earlier than peak flows in 
1951-1980 (Stewart et al. 2004). While four gages showed slightly later (< 3 days) timing 
in peak runoff in their analysis, 14 gages showed earlier peak flows, ranging from 1 to 23 
days (two-tailed sign test, p<0.05; Appendix 2).  
 

 
 
 
 
 

FIGURE 5. Map showing SNOTEL sites (pink dots with station name labels) and corresponding trends in snow 
water equivalent (SWE) for April 1st during the time between 1980-2006. Five stations showed significant 
declines: Quemazon, Senorita Divide, Bateman, Chamita, and Hopewell.  Note that only one site (North Costilla) 
of 14 had a slight increase in SWE, while two (Frisco Divide and Lookout Mountain) had no snow on average 
during their period of record on April 1st. Purple dots are USGS stream gage sites where the change in the average 
timing of peak flow from snowmelt was calculated during the time between 1948-2002 (Stewart et al. 2005). Three 
of the 18 sites experienced slightly later average peak flows. 
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We related Dtrends to observed hydrological trends in the ten watersheds where snowpack 
depth and timing of peak flow data were analyzed (Appendix 2). Of the three watersheds 
ranked in the upper 50th percentile for Dtrends  with corresponding SNOTEL data, two 
showed significant decreasing trends in snowpack (Jemez and Rio Chama, both located 
in northern New Mexico) while there were no significant decreasing trends among the 5 
watersheds ranked in the lower 50th percentile (Fisher exact test, p = 0.054, one tail test). 
In addition, watershed Dtrends were strongly related to declining trends in March 1st and 
April 1st SWE despite the small sample sizes (March 1st SWE: p < 0.06,  one tailed test; 
r2 = 0.18; April 1st SWE: p < 0.06, r2 = 0.23). These results suggest that watersheds 
experiencing greater drying between 1970-2006 also showed greater reductions in 
snowpack. In contrast, there was no relationship between watershed Dtrends and changes in 
the timing of peak flow. This result is not surprising considering that stream gauges tend 
to be located on larger rivers and streams where contribution to stream flow comes not 
only from the surrounding HUC-8 watershed (with its associated Dtrend) but also from 
upstream watersheds.  
 
Watershed Trends and Sensitive Species Richness 
 
The number of sensitive 
species by watershed ranged 
between 45 species (Sulphur 
Springs Draw in southeastern 
New Mexico) and 109 
(Animas Valley in the 
southwestern-most part of the 
state). These values were 
positively correlated to a 
watershed’s range of 
elevations, or topographic 
heterogeneity (p<0.001, 
r2=0.23), whereas there was 
no relationship with median 
elevation (p=0.48, r2=0.007) 
(Fig. 6).   
 
We found a weak overall 
relationship between the 
number of sensitive species 
and trends in annual Dtrend  
(p=0.03, r2=0.07). However, 
when we examined only 
those watersheds with high  
concentrations of sensitive  
 
 

FIGURE 6. Map of the number of sensitive species by USGS HUC-8 
watersheds (gray lines). Data set developed by USGS (2007) and used in 
the New Mexico Department of Game and Fish’s Comprehensive Wildlife 
Conservation Strategy (NMDGF 2006). 

Number of 
Sensitive  
Species 
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species (top 50%), the relationship was strong and positive (p < 0.0001, r2=0.35). That 
is, among species-rich watersheds, those with greater numbers of sensitive species 
experienced increased moisture stress and drying compared to watersheds with fewer 
sensitive species. While only three species-rich watersheds experienced statistically 
significant (p< 0.05) increasing annual trends in D (previously identified Cloverdale, 
Playas Lake, and Jemez), an additional nine experienced strong (p<0.1) increasing annual 
trends (Upper Pecos-Long Arroyo, Upper Pecos-Black, Rio Felix, San Simon, El Paso-
Las Cruces, Animas Valley, Rio Hondo, Mimbres, and Rio Salado) (Fig. 7). Animas 
Valley and San Simon, the first and second highest in aquatic species, also showed strong 
increasing Dtrends (p<0.1) in spring (Appendix 1). Of the remaining species-rich 
watersheds, we identified four watersheds with the highest species richness (>75th 
percentile) and the weakest trends in D: Pecos Headwaters, Upper Rio Grande, Upper 
Gila, and San Francisco.  

FIGURE 7: Plot of species 
with conservation status (e.g., 
sensitive species) versus 
climate water deficit trend 
(Dtrend ) during 1970-2006 for 
all 74 watersheds in the 
study. Triangles represent 
significant Dtrends (p < 0.05), 
squares represent strong 
trends (p < 0.10) and circles 
represent weak trends (p > 
0.1). The symbols are colored 
by watershed average annual 
deficit (Dave) during 1970-
2006, where red represents a 
more arid local climate, and 
blue represents a more mesic 
local climate. The vertical 
and horizontal dashed lines 
are the median values for the 
number of sensitive species 
and Dtrend. The species-rich 
watersheds that experienced 
significant and strong Dtrends 
are labeled in the upper right 
quadrant, while four of the 
sensitive species-rich 
watersheds that experienced 
little change in D are labeled 
in the lower right quadrant.  
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DISCUSSION 
�
Conservation Implications of Recent Trends in Moisture Stress 
 

A majority of watersheds in New Mexico (93%) have experienced an increase in 
moisture stress (e.g., average Dtrend) for nearly four decades. Watersheds of the greatest 
conservation importance (e.g., those with the highest numbers of sensitive species) have 
experienced the most moisture stress during this time. Of these 37 watersheds, nearly one 
third experienced strong trends (p < 0.10) and three experienced significant (p < 0.05)  
trends.  Not only are these three watersheds among those with the greatest numbers of 
sensitive species, but they are already experiencing observed and documented ecological 
changes linked to climate change. For example, in the conifer and grassland-steppe-
dominated Jemez watershed and greater Jemez Mountains (north-central New Mexico), 
increased moisture stress has occurred 
concurrently with significant declines in 
snowpack, recent severe bark beetle 
outbreaks, widespread piñon (Pinus edulis) 
and ponderosa pine (Pinus ponderosa) forest 
dieback, increasingly severe and extensive 
wildfires (e.g., the 2000 Cerro Grande Fire), 
extreme soil erosion, and population 
declines in sensitive species (Breshears et al. 
2005, Allen 2007).  These include the 
endemic Jemez Mountains salamander 
(Plethodon neomexicanus) and Goat Peak  
pika (Ochotona princeps nigrescens)  
(NMDGF 2006).  
 
Climate-induced ecological changes have also been documented in semi-desert 
grassland-dominated landscapes of the two southwestern watersheds, Cloverdale and 
Playas Lakes, which experienced significantly increasing trends in moisture stress.  
Located in the southwestern “boot heel” portion of the state, marked reductions in native 
perennial grasses and shrub encroachment have been observed in the vicinity of these 
watersheds, even in areas where livestock 
grazing has been restricted and where the 
natural fire regime has been restored (Curtin 
et al. 2002, Sundt 2004). We also found 
significant long-term trends in moisture 
stress during the spring in these two 
watersheds. These conditions could leave 
species more sensitive to the strong spatial 
and temporal variability in precipitation 
associated with summer storms at peak 
growing season, especially if the onset of 
spring continues to be earlier and its 
duration lengthens (McAfee & Russell 2008). 

Piñon pine mortality in Jemez Mountains, October  2002 © C.D. Allen 

Shrub encroachment & erosion in a semi-desert grassland in 
southwestern New Mexico © K. Smith, R. Strahan 
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There is evidence that semi-desert grasslands throughout the U.S.-Mexico borderlands 
are undergoing a vegetation type conversion to desert shrubland (Brown et al. 1997, Ryan 
et al. 2008). Increased concentrations of atmospheric CO2 and altered precipitation 
patterns linked to human-induced climate change are likely to exacerbate the extent of 
shrub encroachment, further alter fire regimes, and facilitate the spread of invasive non-
native grasses regionally and throughout the western U.S. (Morgan et al. 2007, Hatfield 
et al. 2008).  
 
Temperature and moisture are critical variables in determining the distribution, 
productivity, and growth of plants and animals (Stephenson 1990). Changes in climate 
and hydrology can influence biota in numerous ways, including influencing critical 
thresholds linked to metabolic and reproductive processes (Burkett et al. 2005). Because 
many organisms in arid to semi-arid lands are already near their physiological limits for 
temperature and moisture stress tolerances, small changes in these factors could have 
extreme effects on species composition and ecosystem processes (Ryan et al. 2008). 
More broadly, Stephenson’s (1990) model of vegetation distribution estimates that a 
change in annual average climate water deficit (D) from below to above 500 mm would 
result in a vegetation shift from coniferous forest to a short grass prairie mixed with 
shrubland, assuming no or only small changes in annual average AET. Based on the 
annual trends and mean values in D generated in this study, the Jemez watershed could 
experience such directional change from mostly coniferous forest to a grassland-savanna 
shrubland dominated system within 60 years. Similarily, the Playas Lake watershed could 
experience such directional change from semi-desert grassland to a more shrubland 
dominated system within 30 years, should current D trends continue.  
 
However, extreme climate events, such as the recent drought in the Southwest, can 
interact with other disturbances (e.g., catastrophic wildfire, insect outbreak, grazing, 
erosion) to drive semi-arid ecosystems past ecological thresholds, leading to changes in 
vegetation and desertification (Peters et al. 2004, Westerling et al. 2006, Allen 2007, 
Ryan et al. 2008). While estimates of future vegetation changes may demonstrate an 
important application of the deficit index, recent observed events in the Jemez and Playas 
Lake watersheds (drought, erosion, etc.) suggest that these projections may be 
conservative, and vegetation shifts could occur much sooner. 
 
The vulnerability of watersheds to climate change is dependent not only on the 
magnitude of climate exposure (i.e., the rate of change in D), but also on the sensitivity of 
eco-hydrological systems and their ability to adapt to change (Turner et al. 2003, Adger 
2006, IPCC 2007). Based on the number of sensitive species (e.g., those with 
conservation importance) and the fact that ecological systems in these landscapes are 
already undergoing change (e.g., reduced adaptive capacity), we believe the highly 
exposed (e.g., moisture stressed) Jemez, Cloverdale, and Playas Lake watersheds are 
likely to be the most vulnerable watersheds to ongoing climate change in New Mexico, 
particularly if recent climate trends continue as a number of studies suggest (Hoerling & 
Eisheid 2007, Seager et al. 2007, Wolock & McCabe 2007, Diffenbaugh 2008).  
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Conservation action in the near-term should be considered not only for the most 
vulnerable watersheds, where more aggressive adaptation measures may be required, but 
also for less exposed ones with high conservation importance. In these less exposed 
watersheds, the probability of successful management using more conventional methods 
may be greater. We identified four such watersheds that may warrant near-term 
conservation and management action. These include the Pecos Headwaters, Upper Rio 
Grande, Upper Gila, and San Francisco (Fig. 5). Not only have these watersheds 
experienced no significant declines in snowpack, they encompass the headwaters of the 
major rivers in the state with some of the state’s highest diversity in aquatic species.  
Furthermore, with the exception of the Pecos Headwaters, the streams and rivers of these 
watersheds have on average experienced less than the state-wide average of seven-day 
shifts in the timing of peak flows.  
 
Conservation Implications of Changes in Hydrology for Ecosystem Services 
 
Ultimately, the future impacts of climate change on biological and water resources will 
depend on the physical (e.g., size, elevation, soils) and biological (e.g., type and structure 
of vegetation) characteristics of a watershed, in addition to synergistic effects related to 
disturbance regimes and existing anthropogenic activities (e.g., recreation, roads, water 
pollution, land uses, etc.). Nevertheless, climate-related impacts are being documented 
throughout the West (Barnett et al. 2008). 
 
In New Mexico, snowpack in the state’s major mountain ranges has declined over the 
past two decades in 98% of the sites analyzed. Declines were greater in watersheds that 
experienced the most moisture stress and drying from 1970-2006. In addition, the timing 
of peak streamflow from snowmelt in the state is an average of one week earlier than in it 
was in the mid-20th century (Stewart et al. 2005). Earlier peak streamflow from snowmelt 
can increase the frequency and intensity of winter flooding leading to erosion and 
increased turbidity in streams which contributes to lowered water quality for people and 
aquatic species (Gleick 2000, Knowles et al. 2006). Changes in the magnitude and timing 
of peak flows can also lead to reduced summer baseflows, affecting water availability for 
aquatic species, and can contribute to possible asynchronies in the timing of seed 
dispersal relative to hydrological conditions that favor germination and establishment of 
key riparian tree species (Poff et al. 2002, Christensen et al. 2004, Hoerling & Eischeid 
2007).  
 
Water temperatures are also anticipated to increase in most streams, further fragmenting 
habitat for cold water fish species, including sensitive trout species and those common in 
recreational fishing (USFWS 2008). Moreover, flow patterns in New Mexico’s streams 
and rivers are predicted to become more variable in the future especially during future El 
Niño-Southern Oscillation cycles (Molles & Dahm 1990, Dahm & Molles 1992, 
Christensen et al. 2004). Reduced and more variable water supplies can lead to increased 
withdrawals from rivers, reservoirs, and groundwater aquifers, with associated effects on 
water quality, stream ecosystems, and human health (Schimel et al. 2008). Given that up 
to 75% of New Mexico’s and the West’s surface water is derived from snowmelt and that 
60% of the changes already observed in western water resources have been attributed to 
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human-induced climate change, observed and projected trends strongly suggest that there 
will be a dramatic decline in water-related ecosystem services--unless proactive planning 
and adaptation measures can be implemented in the near-term (Hurd et al. 1999, Milly et 
al. 2005, USGS 2005, IPCC 2007, McCabe & Wolock 2007, Milly et al. 2008, Barnett et 
al. 2008).  

 
CONCLUSION  
 
By providing a framework for understanding the conservation implications of climate 
change that is based on an ecologically relevant climate variable (e.g., climate water 
deficit), our approach enables managers and conservation practitioners to assess areas of 
the landscape that may be more or less impacted by recent climate change relative to their 
conservation importance. This allows these practitioners to direct immediate action to 
high priority landscapes and to facilitate a more strategic and focused investment in 
climate change adaptation measures. Moreover, the retrospective approach described here 
avoids getting sidetracked by issues of uncertainty associated with predicting future 
changes and can provide compelling information about where climate change is currently 
having a major impact. However, because of its inherent flexibility, our framework can 
readily incorporate regionally-scaled future climate change projections, in addition to 
other relevant spatial data sets (e.g., major stressors such as altered disturbance regimes 
and human development) as next steps in a comprehensive assessment. 
 
The ecological impacts and conservation implications of recent and projected climatic 
trends in the southwestern U.S., and throughout the world, require immediate action. The 
uncertainties and complexities associated with assessing physical and ecological impacts 
do not excuse inaction. Regardless of what greenhouse gas mitigation actions are taken, 
climate change impacts are already occurring, and will continue to do so for decades to 
possibly centuries (IPCC 2007). Using the approach described here, natural resource 
managers and conservation practitioners can begin to take action in the near-term -which 
may improve the probability of achieving planning and management goals in the face of 
ongoing climate change. 
�
 
 
 

Gila River Watershed. Mike Fugagli © 2004 The Nature Conservancy 
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APPENDIX 1. Compilation of all moisture stress (e.g., climate water deficit, D) averages & trends, and the number and percentile rank of sensitive species by 
watershed (NMDGF 2006, USGS 2007). ** indicates p< 0.05, * indicates p< 0.10. Base data: PRISM (Daly et al. 1994) , USGS HUC-8 (Steeves & Nebert 2004). 
 

 
Watershed 
Name 

Total # 
Species 

Species 
Rank  

Total  
Aquatics 

Aquatics 
(% of 
Total) 

Annual 
Dave 

(mm) 

Annual 
Dtrend 

(mm/yr) 

Annual 
Dtrend 
Rank  

Winter 
Dtrend 
(mm/yr)  

Spring 
Dtrend 
(mm/yr)  

Summer 
Dtrend 
(mm/yr)  

Fall 
Dtrend 
(mm/yr)  

Median 
ELEV 
(m) 

Range 
ELEV 
(m) 

Animas 66 57.5% 6.1 4 428.4 0.77 45.2% -0.03 0.62 0.13 0.07 1829 389 
Animas 
Valley 

109 100.0% 11.9 13 525.6 2.04* 83.5% 0.20 0.80* 0.22 0.83 1397 947 

Arroyo Chico 62 43.8% 12.9 8 368.0 0.34 17.8 0.05 0.35 -0.01 -0.01 2075 1148 
Arroyo Del 
Macho 

74 67.1% 25.7 19 407.9 0.64 35.6 0.02 0.00 0.46 0.22 1529 1612 

Blackwater 
Draw 

45 0.0% 0.0 0 395.4 1.81 76.7% 0.07 0.09 1.21 0.50 1268 123 

Blanco 
Canyon 

56 31.5% 8.9 5 344.7 0.36 20.5% 0.03 0.47 -0.12 0.01 2105 587 

Caballo 81 84.9% 6.2 5 412.0 1.45 69.8 0.10 0.45 0.54 0.39 1747 1353 
Canadian 
headwaters 

65 50.6% 9.2 6 178.1 0.42 26.0 -0.17 0.40 0.08 0.14 2094 1607 

Carrizo 48 13.6% 0.0 0 288.9 0.36 19.1% -0.09 0.60 -0.39 0.29 1833 935 
Carrizo Wash 56 31.5% 1.8 1 271.1 0.98 53.4% 0.08 0.51 0.25 0.15 2216 798 
Chaco 55 30.1% 7.3 4 419.5 0.19 8.2 -0.02 0.37 -0.09 -0.04 1921 1154 
Chinle 52 23.2% 7.7 4 304.5 0.27 13.6% -0.03 0.24 0.15 -0.07 2433 500 
Cimarron 64 49.3% 10.9 7 166.3 0.42 24.6 -0.17 0.33 0.19 0.11 2437 1412 
Cimarron 
headwaters 

56 31.5% 3.6 2 270.7 0.15 6.8 -0.13 0.79 -0.91 0.43 1734 1058 

Cloverdale 95 95.8% 1.1 1 409.2 2.79** 98.6% 0.37 0.96** 0.44 1.06* 1606 293 
Conchas 53 26.0% 11.3 6 372.6 0.30 16.4% 0.01 0.17 -0.04 0.22 1500 787 
Conejos 60 41.0% 1.7 1 115.2 1.06 56.1% -0.09* 0.29 0.82 0.04 2855 717 
Eastern 
Estancia 

53 26.0% 3.8 2 321.2 -0.44 1.3% -0.05 -0.05 -0.22 -0.07 1929 279 

El Paso-Las 
Cruces 

75 71.2% 9.3 7 584.3 2.03** 82.1 0.14 0.57 0.72 0.61 1310 1111 

Elephant 
Butte 
Reservoir 

85 89% 9.4 8 420.0 0.94 52.0 0.09 0.38 0.32 0.19 1789 1394 

Gallo Arroyo 68 60.2% 26.5 18 383.3 -0.44 0.0% -0.04 -0.11 -0.23 -0.01 1804 926 
Jemez 74 67.1% 12.2 9 280.5 1.66** 72.6 0.01 0.61 0.91 0.16 2070 1382 
Jornada Del 
Muerto 

65 50.6% 12.3 8 469.6 0.79 49.3% 0.09 0.41 0.15 0.19 1638 707 

Jornada Draw 65 50.6% 12.3 8 530.8 1.39 67.1% 0.16 0.51 0.47 0.27 1434 728 
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Watershed 
Name 

Total # 
Species 

Species
Rank 

Total  
Aquatics 

Aquatics 
(% of 
Total) 

Annual 
Dave 

(mm) 

Annual 
Dtrend 

(mm/yr) 

Annual 
Dtrend 
Rank  

Winter 
Dtrend 
(mm/yr)  

Spring 
Dtrend 
(mm/yr)  

Summer 
Dtrend 
(mm/yr)  

Fall 
Dtrend 
(mm/yr)  

Median 
ELEV 
(m) 

Range 
ELEV 
(m) 

Landreth-
Monument 
Draws 

50 15.0% 8.0 4 572.2 2.61* 93.1% -0.02 0.25 1.49 0.95 1059 450 

Lost Draw 46 5.4% 0.0 0 440.5 2.15 87.6% -0.05 -0.10 1.60 0.78 1264 175 
Lower Pecos-
Red Bluff 
Reservoir 

56 31.5% 7.1 4 656.2 2.68* 94.5% 0.03 0.26 1.39 1.03 962 191 

Middle 
Canadian-
Trujillo 

45 0.0% 0.0 0 401.4 0.61 32.8% -0.15 0.11 0.20 0.51 1256 355 

Middle San 
Juan 

63 46.5% 9.5 6 492.0 1.21 63.0% 0.01 0.58 0.54 0.09 1678 1051 

Mimbres 80 83.5% 15.0 12 514.1 1.84* 79.4 0.14 0.59 0.50 0.63 1406 1497 
Monument-
Seminole 
Draws 

46 5.4% 0.0 0 504.5 2.89* 100.0% -0.01 0.19 1.85 0.94 1210 267 

Mora 61 42.4% 9.8 6 187.7 0.64 36.9 -0.05 0.50 0.05 0.18 2126 1794 
Mustang 
Draw 

45 0.0% 0.0 0 455.0 2.69* 95.8% -0.08 0.04 1.99** 0.83 1181 130 

North Plains 68 60.2% 23.5 16 277.0 1.11 60.2% 0.02 0.44 0.48 0.19 2256 479 
Pecos 
headwaters 

78 78% 23.1 18 313.9 0.20 9.5 -0.03 0.17 -0.08 0.19 1753 2025 

Pintada 
Arroyo 

67 58.9% 26.9 18 347.5 -0.18 2.7% -0.07 -0.08 0.00 0.01 1876 730 

Plains of San 
Agustin 

75 71.2% 14.7 11 260.1 0.53 28.7% 0.03 0.20 0.31 0.01 2253 607 

Playas Lake 98 97.2% 9.2 9 558.0 2.56** 90.4% 0.25 0.92** 0.37 1.03* 1421 605 
Punta De 
Agua 

46 5.4% 0.0 0 352.2 -0.02 5.4% -0.12 0.41 -0.40 0.16 1484 564 

Purgatoire 63 46.5% 0.0 0 148.8 0.79 50.6% -0.20 0.69* 0.04 0.28 2326 556 
Revuelto 51 20.5% 11.8 6 424.1 0.60 31.5% -0.08 -0.02 0.27 0.50 1309 436 
Rio Chama 73 64.3% 12.3 9 202.4 1.14 61.6 -0.08 0.40 0.75 0.10 2337 1454 
Rio Felix 77 75.3% 23.4 18 403.3 2.12* 84.9 0.11 0.30 1.18 0.56 1573 1453 
Rio Grande-
Albuquerque 

79 79.4% 16.5 13 427.6 1.29 64.3 0.14 0.51 0.42 0.27 1635 1266 

Rio Grande-
Santa Fe 

77 75.3% 15.6 12 293.8 0.77 46.5 0.05 0.49 0.15 0.13 1963 1435 
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Watershed 
Name 

Total # 
Species 

Species
Rank  

Total  
Aquatics 

Aquatics 
(% of 
Total) 

Annual 
Dave 

(mm) 

Annual 
Dtrend 

(mm/yr) 

Annual 
Dtrend 
Rank  

Winter 
Dtrend 
(mm/yr)  

Spring 
Dtrend 
(mm/yr)  

Summer 
Dtrend 
(mm/yr)  

Fall 
Dtrend 
(mm/yr)  

Median 
ELEV 
(m) 

Range 
ELEV 
(m) 

Rio Hondo 79 79.4% 25.3 20 363.3 1.88* 80.8% 0.16 0.24 1.20 0.32 1726 1937 
Rio Penasco 82 86.3% 22.0 18 371.5 1.66 73.9% 0.06 0.31 0.78 0.55 2023 1767 
Rio Puerco 72 63% 13.9 10 397.5 1.07 57.5% 0.11 0.49 0.41 0.11 1834 1656 
Rio Salado 73 64.3% 11.0 8 360.1 1.36* 65.7% 0.10 0.41 0.73 0.16 2062 1170 
Rio San Jose 74 67.1% 20.3 15 346.2 0.74 42.4% 0.05 0.31 0.31 0.10 2130 1355 
Rita Blanca 47 12.3% 0.0 0 320.1 0.41 21.9% -0.06 0.65 -0.41 0.29 1537 423 
Running 
Water Draw 

46 5.4% 0.0 0 383.6 1.84 78.0% 0.04 0.08 1.30 0.49 1357 144 

Salt Basin 59 38.3% 1.7 1 448.8 0.78 47.9% 0.13 0.25 0.03 0.40 1489 1407 
San 
Francisco 

86 90.4% 9.3 8 242.0 0.74 43.8% 0.07 0.42 0.29 -0.03 2191 1227 

San Simon 105 98.6% 7.6 8 528.1 2.12* 86.3% 0.21 0.76* 0.27 0.91 1349 547 
Sulphur 
Springs Draw 

45 0% 0.0 0 443.8 2.76* 97.2% -0.09 -0.01 2.12** 0.82 1195 111 

Taiban 62 43.8% 29.0 18 407.8 1.46 71.2% -0.04 -0.09 1.07 0.59 1416 378 
Tierra Blanca 46 5.4% 0.0 0 373.2 1.42 68.4% -0.04 0.14 0.81 0.58 1402 162 
Tularosa 
Valley 

65 50.6% 1.5 1 468.8 1.08 58.9% 0.10 0.44 0.38 0.20 1422 1468 

Upper Beaver 50 15.0% 2.0 1 285.8 0.28 15.0% -0.10 0.77 -0.79 0.45 1702 770 
Upper 
Canadian 

59 38.3% 10.2 6 249.1 0.65 38.3% -0.02 0.47 0.00 0.24 1845 1646 

Upper 
Canadian-Ute 
Reservoir 

58 36.9% 19.0 11 408.1 0.26 12.3% -0.07 0.12 -0.08 0.37 1332 648 

Upper Gila 83 87.6% 13.3 11 234.8 0.62 34.2% 0.06 0.29 0.26 0.04 2276 1443 
Upper Gila-
Mangas 

88 93.1% 9.1 8 379.5 1.06 54.7% 0.12 0.51 0.21 0.25 1592 1090 

Upper Pecos 76 73.9% 23.7 18 421.5 0.72 39.7% -0.03 -0.15 0.56 0.40 1347 954 
Upper Pecos-
Black 

89 94.5% 29.2 26 537.0 2.45* 89% 0.11 0.27 1.14 0.98 1111 1207 

Upper Pecos-
Long Arroyo 

87 91.7% 28.7 25 495.2 2.60* 91.7% 0.09 0.16 1.63 0.78 1144 733 

Upper Puerco 50 15.0% 2.0 1 347.3 -0.08 4.1% -0.07 0.23 -0.27 0.04 2160 759 
Upper Rio 
Grande 

79 79.4% 16.5 13 182.4 0.59 30.1% -0.11 0.35 0.33 0.04 2424 1846 
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Watershed 
Name 

Total # 
Species 

Species
Rank  

Total  
Aquatics 

Aquatics 
(% of 
Total) 

Annual 
Dave 

(mm) 

Annual 
Dtrend 

(mm/yr) 

Annual 
Dtrend 
Rank  

Winter 
Dtrend 
(mm/yr)  

Spring 
Dtrend 
(mm/yr)  

Summer 
Dtrend 
(mm/yr)  

Fall 
Dtrend 
(mm/yr)  

Median 
ELEV 
(m) 

Range 
ELEV 
(m) 

Upper San 
Juan 

65 50.6% 7.7 5 339.5 0.73 41.0% -0.01 0.55 0.16 0.06 1989 931 

Ute 54 28.7% 11.1 6 338.7 0.25 10.9% -0.06 0.39 -0.32 0.30 1634 1064 
Western 
Estancia 

52 23.2% 1.9 1 295.0 0.46 27.3% 0.11 0.35 -0.05 0.09 1963 817 

Yellow 
House Draw 

50 15% 0.0 0 419.5 1.80 75.3% 0.05 -0.08 1.31 0.60 1297 212 

Zuni 51 20.5% 2.0 1 289.8 0.41 23.2% 0.02 0.41 -0.20 0.19 2175 681 
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APPENDIX 2. Dtrend percentile ranks (based on 74 HUCs; dark gray), SNOTEL snow water equivalent (SWE) trends (light gray), & the change in the timing of 
peak streamflow from selected USGS gages (from Stewart et al. 2005) by watershed (only those with snowpack &/or streamflow data are shown) *p<0.05.  

Watershed 
Dtrend  

Rank (%) SNOTEL Site 
ELEV 

(m) 
Period of 
Record 

March 
1 SWE  

April 1 
SWE  Stream 

USGS 
Gage 

ELEV 
(m) 

Period of 
Record 

Change in Peak 
Flow (days) 

Animas 45.2      Animas Creek 10830 1,609 1948-2002 -5 

Canadian 
Headwaters 

26.0 North Costilla 3,231 
 

1980-2006 0.091 0.026      

Jemez 72.6 Senorita Divide #2 2,621 1981-2006 -0.207 -0.308*      

  Quemazon 2,895 1981-2006 -0.141 -0.298* Jemez River 10802 1,714 1950-2002 -2 

Mora 
 

36.9      Coyote Creek/Mora 10686 2,068 1948-2002 -23 

Pecos 
Headwaters 

9.5 Wesner Springs 3,389 1990-2006 -0.301 -0.558 Pecos River 10803 2,405 1964-2001 -14 

       Pecos River 10804 2,287 1948-2002 -5 

       Gallinas River 10805 2,096 1948-2002 -11 

Rio Chama 61.6 Hopewell  3,048 1980-2006 -0.218 -0.321* Rio Tusas 10800 1,938 1948-2002 -4 

  Bateman 2,835 1980-2006 -0.213* -0.365*      

  Chamita 2,560 1980-2006 -0.179 -0.354*      

Rio Hondo 80.8 Sierra Blanca 3,133 1987-2004 -0.380 -0.573 Rio Ruidoso 10806 1,957 1954-2001 -15 

San 
Francisco 

43.8 Frisco Divide 2,438 1989-2006 -0.066 No 
Snow 

     

  Silver Creek 
Divide 

2,743 1981-2006 -0.252 -0.332      

Upper Gila 34.2 Lookout Mountain  2,591 1981-2006 -0.081 No 
Snow 

Gila River 10837 1,419 1948-2002 -7 

  Signal Peak 2,548 1981-2006 -0.173 -0.078 Mogollon Creek 10838 1,658 1968-2002 2 

Upper Gila-
Mangas 

54.7      Gila River 10839 1,247 1948-2002 -14 

Upper Rio 
Grande 

30.1 Gallegos Peak 2,987 1985-2006 -0.148 -0.151 Rio Grande del 
Rancho 

10797 2,206 1953-2001 -8 

       Rio Medio/Santa 
Cruz 

10801 1,969 1948-2001 3 

  Red River Pass #2 3,002 1980-2006 -0.023 -0.165 Rio Grande 10798 1,844 1948-2002 2 

       Embudo Creek 10799 1,786 1948-2002 -1 

       Rio Hondo (A) 10794 2,332 1948-2001 1 

       Rio Pueblo de Taos 10795 2,249 1948-2002 -15 

       Rio Lucero 10796 2,454 1948-2001 -4 


