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EXECUTIVE SUMMARY

Climate change is real, and will increasingly impact landowners across 
the Chama Peak Land Alliance (CPLA) region, which includes the 
San Juan - Chama - Rio Grande watersheds of southern Colorado and 
northern New Mexico. 

In this analysis, downscaled climate projections are generated over the 
CPLA region for three relevant and actionable climate metrics, includ-
ing frost free period, snowfall, and soil moisture deficit.  All three met-
rics show remarkable changes over the 21st century, well within the 
lifetime of currently young area residents.  These changes clearly high-
light a need for a range of specific adaptation strategies to (1) maintain 
a natural ecosystem (land, water, wildlife) that will sustain people and 
communities in the face of accelerating climate change, and (2) min-
imize the impact of climate change to area commercial, cultural, and 
recreational activities.  

Within this report, examples of adaptation questions and strategies are 
provided for the sake of generating interest and participation in this 
work. Future work will focus on dialogue with the region’s landowners 
and stakeholders to further understand climate vulnerabilities, as well 
as to generate and execute actionable plans for implementing  adapta-
tion strategies yet to be identified. This work will, in turn, guide updat-
ed CPLA-tailored climate analyses and revised adaptation strategies, 
in a positive feedback loop of continuously improved local knowledge, 
dialogue, and planning.
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Introduction

What is climate change, and why is it occurring?

Global climate change is accelerating, primarily due to human emis-
sions of greenhouse gases, particularly carbon dioxide (CO2).  The 
well-understood signal of human-forced climate change is clearly dis-
tinguishable and dominant both relative to other climate forcings (such 
as the sun, or volcanoes) and naturally occurring climate variability 
(such as El Niño).  It is driving unprecedented global temperature in-
creases, sea ice loss, ocean acidification, glacial retreat, and other global 
environmental trends.

While global-scale trends clearly demonstrate the rapid rate of change 
of our planet, it is regional and local trends that matter most for indi-
viduals and communities.  For example, the National Oceanic and At-
mospheric Administration’s (NOAA) New Mexico Northern Rockies 
Climate Division, which includes the CPLA region, has experienced 
year-to-year temperature variability and a clear increase in annual av-
erage temperature, particularly in the last 50 years.  

Table 1: NOAA New 
Mexico Northern Rock-
ies Climate Division 2 
data, monthly tempera-
ture from 1895-2016
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In contrast, regional total precipitation has displayed less of a long-term 
trend, despite large year-to-year variability and sporadic extremes.  

Future Climate Change Projections

Stakeholders who take ‘eyes-open’ steps to account for upcoming cli-
mate change will advance from a position of strength relative to coun-
terparts who assume a continuation of the climatic status quo.  This 
‘eyes-open’ approach requires understanding the basic tools that are 
used to project future climate change trends. 

The primary tool for projecting future climate change trends are opera-
tional climate models, which are computer programs that, like weather 
models, divide the planet up into a grid of many interconnected boxes, 
and then simulate the evolution of important climate processes across 
this grid. When run, these models provide both accurate hindcasts of 
past change, and expected forecasts of long-term future climate change 
patterns.  Since the climate system is global, climate model’s large com-
putational expense dictates a coarse grid resolution, which makes lo-
cal-scale climate analyses difficult without additional ‘downscaling’.  

Table 2: NOAA New 
Mexico Northern Rock-
ies Climate Division 2 
data, monthly precipi-
tation from 1895-2016
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Downscaling is the process of adding in additional constraints, such as 
finer scale topography or local microclimate information, to the infor-
mation provided by global climate models.  Downscaling tools repre-
sent the second important tool in the climate change analysis toolbox.

In the long term, climate change depends mostly on global society’s 
choices regarding carbon emissions.  ‘Business as usual’ (BAU) emis-
sions trends, continued over the 21st century, will drive the planet to-
wards a remarkably warm state that is unprecedented in the entirety of 
human history.  Conversely, strong global carbon emissions reductions 
could greatly minimize climate impacts.  Uncertainty regarding which 
path global society will take means that, for each potential climate vul-
nerability, stakeholders must assess the cost of full adaptation to a BAU 
scenario, versus the potential damage that could occur if adaptation is 
limited to the low emission scenario and ‘climate overshoot’ occurs. 
To aid local landowners and stakeholders in this risk analysis exercise, 
here we explore climate change over the 21st century for both the BAU 
and low-emissions scenarios.

Assessing Projected CPLA Climate Change

In the CPLA-focused analysis presented here, the mean projected cli-
mate states for BAU and strong emissions reductions scenarios are first 
calculated from a series of global climate models.  Because these two 
scenarios capture the full range of the climate science research com-
munity’s latest change scenario estimates, this approach brackets the 
spectrum of potential climate impacts young local residents will be re-
quired to adapt to, over the course of their lifetimes.

For each scenario, climate model data is downscaled over the CPLA 
region using a combination of PRISM and ClimateNA downscaling 
tools.  These tools correct the climate model data to better match local 
observations and attempt to account for local-scale climate conditions 
and fine-scale topographic features (i.e., the San Juan mountains) that 
are poorly resolved in global climate models.  
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The combination of climate model data and downscaling result in 
~1000 ft-resolution climate data that can be used to project climate 
change impacts at local scales.  

Once downscaled data is generated, it can be used to estimate changes 
in climate metrics at the individual CPLA stakeholder scale.  To demon-
strate this, we target three climate metric case studies that we consider 
to be highly applicable to land-based communities in the CPLA re-
gion.  In particular, we show 21st century changes in the (1) frost free 
period (time between last spring and first fall frost); (2) total snowfall; 
and (3) climatic moisture deficit (a measure of irrigation necessary to 
retain moist soils; also applicable to measuring wildfire susceptibility).  
To highlight the ability of climate analyses to estimate the impact at 
local scales, we describe  the change of these climate change metrics 
at a single CPLA member’s property location, Sam Gardner and Sarah 
DeMay’s property,  in the upper Rito de Tierra Amarilla watershed.  
Additionally, for each climate change metric, we suggest practical ad-
aptation questions and strategies that are tailored to actual CPLA cli-
mate vulnerabilities and can serve as a springboard for future dialogue.

Finally, we close with additional questions (adopted from Jim Dyer, 
Healthy Community Food Systems, 2016) and  suggestions for future 
work, so that the unprecedented changes that will be introduced by hu-
man-driven climate change can be robustly anticipated by landowners 
and stakeholders in the CPLA region. 
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Case Studies
Case Study 1: Frost Free Period 

The frost free period represents the time between the last spring and 
first fall frost.  Most importantly, this period broadly represents the 
length of time available for agricultural activities: the longer the period, 
the less time plants are susceptible to damage due to freezing tempera-
tures. For a particular period, the frost free period is strongly related 
to elevation: the higher the elevation, the shorter the frost free period.  
For example, on the highest mountain ridges in the CPLA region, the 
length of this period is nearly zero.

Climate change will increase the frost free period over time, at all CPLA 
locations.  The magnitude of the increase will depend greatly on which 
climate change scenario is followed.  For example, by the latter third 
of the 21st century under the BAU scenario, the frost free period will 
have increased by a remarkable 77% over the Gardner-DeMay prop-
erty.  Conversely, the low emissions scenario results in a much lower 
(though still large) 44% increase.  Together, these values indicate the 
potential range of frost free period changes that these residents should 
expect.  In general, the frost free period increases by a relatively smaller 
amount at lower elevations —because the period is already relatively 
long in these warm regions—and a relatively larger amount at colder, 
higher locations.  This suggests that the impact of changes to the frost 
free period will be most profound at higher locations.

The following adaptation questions included in each case study are in-
tended as conversation starters for stakeholders in the region to dia-
logue about changes in temperature and water availability and the as-
sociated impacts on the future of  agriculture, local food production, 
livestock grazing, and forestry. 
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Climate Adaptation Questions 

    •  What crops will be suitable for warmer and drier conditions? 

    • What mixture of blossoming dates (fruit trees, food crops) can  
 handle the increased uncertainty of variability of early and  
 late-season frosts?  

    • At what point do landowners introduce warm-season grass?

Case Study 2: Total Snowfall 

Total snowfall measures the fraction of all precipitation over the course 
of a year that falls as snow, and has broad impacts across many facets of 
the CPLA region.   For example, the storage of precipitation as snow-
pack over the winter and its release during the spring has important 
implications for stream and river dynamics and temperature, as well 
as water retention in dams, backcountry road accessibility, and winter 
recreation activities. 

As the climate warms over the region, total snowfall will decrease even 
if total precipitation remains constant as precipitation will fall as rain, 
particularly in the shoulder seasons.  This change will vary with eleva-
tion since at lower elevations, snow is already less common, whereas 
at higher elevations, changes in snowfall will have significant impacts 
on status quo environmental conditions.  However, streams and rivers 
will be very effective at ‘transporting’ the signal of snow loss in the 
mountains to lower elevations.  In addition, it will depend strongly on 
the climate scenario.  For example, with the BAU scenario, by the latter 
third of the 21st century at the Gardner-DeMay property, precipitation 
as snow (and the associated winter-average snowpack) will have de-
creased by a remarkable 65%, while with a low emissions scenario, the 
amount of change reduces to 50%. 
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Climate Adaptation Questions 

    •  What innovative strategies and tools can help retain water avail 
 ability in the presence greater winter flows, lower spring and  
 summer flows and increased evaporation?
     
    • To what extent can snowpack be maintained longer into the  
 spring/summer season (i.e., reduce dust on snow, maximize  
 benefits of forest health treatments)?
 
    • Where do there exist opportunities to build resilient ecosys 
 tems?  For example, increase streamside shading with ripari 
 an-area plantings to offset warmer summer/fall stream tempera 
 tures that are potentially fatal for fish. 

Case Study 3: Climatic Moisture Deficit

Climate moisture deficit is a measure of how much additional water is 
necessary, over and above natural precipitation, to prevent soils from 
drying out during summer months.  For example, if rainfall is only 
able to keep the soil moist for 10% of the summer, the amount of extra 
irrigation needed to maintain moist soils for the remaining 90% of the 
summer is equivalent to the climatic moisture deficit.  As such,  this 
measure determines how much irrigation is necessary to avoid crop 
death due to dry soil.  However, among other things, it also relates 
strongly to the ability of forests to withstand periodic wildfires, since 
relatively moist soils are strongly correlated to higher tree resilience 
during the periodic fire conditions that are common to forests in the 
CPLA region.

In response to climate warming, climate moisture deficit increases con-
sistently over all CPLA areas.  Of particular concern is the increasing 
deficit at lower and middle elevations, given the already present need 
for irrigation of croplands, and the sensitivity of forests in this zone to 
wildfires.   
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For example, at the Gardner-Demay property, the climatic moisture 
deficit increases by 30-53% for the low emission/BAU scenarios, re-
spectively. 

Climate Adaptation Questions 

    •  How can ecosystem processes be protected and enhanced  to in 
 crease water infiltration and reduce evapotranspiration on culti 
 vated lands?

    • What planning needs to occur now in anticipation of unprece 
 dented water shortages?
 
    • What social, financial, and technical resources are needed to ef 
 ficiently and effectively reduce the risks of catastrophic wildfire?

LESSONS LEARNED

The preliminary set of climate impacts and potential adaptation strat-
egies we have explored in this report highlight a number of valuable 
general lessons for CPLA stakeholders. 

 1. Climate change will have a fundamental impact on basic  
      aspects of the CPLA region’s climate.  

This is true even if a low carbon emissions scenario future unfolds due 
to strong global carbon emission reductions.  This means that major 
climate change impacts over the CPLA region are essentially unavoid-
able and that adaptation will be necessary, whether it is planned or ad-
hoc.  In general, an ‘eyes-open’ risk-based approach to climate impacts/
adaptation planning will allow CPLA stakeholders to move confidently 
into an era of accelerating environmental change.
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 2. Climate change will have both positive and negative            
      impacts over the CPLA region.  

It will be necessary to identify and plan for both aspects of upcoming 
change.  For example, a lengthening frost free period and associated 
growing season may reinforce local agricultural productivity: a po-
tentially positive impact given expectations of decreased agricultural 
productivity elsewhere.  However, increased climatic moisture deficits 
could negatively offset the agricultural advantage provided by frost free 
day increases, by requiring the development of increasingly efficient ir-
rigation infrastructure and soil development to maintain adequate soil 
moisture levels.  In addition, this new infrastructure will have to cope 
with decreased growing-season water availability due to diminished 
summer snowpacks.  In general, practical climate adaptation by CPLA 
stakeholders will benefit by a systems approach that leverages expected 
positive climate impacts, while simultaneously preparing for potentially 
large negative climate vulnerabilities.

 3. Practical strategies exist for CPLA stakeholders to adapt to  
      climate change. 

Even for the three preliminary metrics of climate change highlighted 
in this report, we have identified a set of questions that could be trans-
lated to on-the-ground climate adaptation measures.  To a large extent, 
it is clear that these questions, and associated adaptation strategies, can 
be addressed at both the individual and collective levels.  For example, 
to counter the increased occurrence of prime wildfire conditions, for-
est thinning should occur by individuals on private acreages, and by 
state and federal forestry agencies in public forests.  In addition, it is 
notable that specific adaptation measures may be able to counter mul-
tiple climate vulnerabilities.  For example, increased water efficiencies 
and improved soil health could potentially add resilience to changes in 
both winter snowfall/timing of water availability, and climatic mois-
ture deficit.  In general, practical climate adaptation can occur through 
individual and collective actions, and can be designed to address multiple 
climate vulnerabilities.
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Future Directions

As a diverse group of conservation-minded landowners committed to 
embracing and practicing responsible land, water, and wildlife stew-
ardship in southern Colorado and northern New Mexico, Chama Peak 
Land Alliance has a vested interest in helping develop the science and 
framework for prioritizing on-the-ground work that supports the resil-
iency of key conservation targets−agriculture, forestry, fish and wildlife.  
To this end, communication between landowners, who closely observe 
changes on the land, and scientists, who have tools to integrate local 
observations into analyses and project future conditions, is critical. 
CPLA is currently building on this report and other available regional 
climate change information to partner with stakeholders (Landowners, 
New Mexico State Forestry, Health Community Food Systems, New 
Mexico State University Extension, and Community Members) to fur-
ther assess climate vulnerabilities, develop adaptation strategies, and 
accomplish on-the-ground projects that increase the resiliency of the 
land and its communities. As identified by Healthy Community Food 
Systems (2016), consideration of current systems, key stakeholders, 
community values and vision for the future, successful models from 
similar communities, education, policy, and evaluation will be import-
ant aspects of building resilient ecosystems and communities in the 
face of a changing climate.



Figure 1: 21st century change in frost free 
period 
Panel a): Historical frost free period (days per year).  
More frost-free days occur at lower elevations.  Brown 
line: CPLA boundary.  Red star: Gardner-DeMay 
property.   Blue lines: rivers; black lines: roads.
Panel b): Late 21st century frost free period change 
(days per year) based on emission scenario.  Left: low 
emissions scenario.  Right: business-as-usual (BAO) 
emissions scenario.  More change occurs for the BAO 
scenario.
Panel c): change in frost free period as a function of 
elevation.  Left: low emissions scenario.  Right: BAO 
emissions scenario. Blue/green/red/yellow represent 
historical/early 21st/mid 21st/late 21st century frost free 
periods.  The relative change in frost free days is 
greater at higher elevations.  Thin line: average frost 
free period; colored spread: range in frost free periods.  
Red dashed line: elevation of Gardner-Demay property.

a)

b)

c)
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Figure 2: 21st century change in precipitation 
as snow
Panel a): Historical precipitation as snow.  More 
precipitation falls as snow at higher elevations.  Brown 
line: CPLA boundary.  Red star: Gardner-DeMay 
property.   Blue lines: rivers; black lines: roads.
Panel b): Late 21st century precipitation as snow 
based on emission scenario.  Left: low emissions 
scenario.  Right: business-as-usual (BAO) emissions 
scenario.  More change occurs for the BAO scenario.
Panel c): change in precipitation as snow as a function 
of elevation.  Left: low emissions scenario.  Right: BAO 
emissions scenario. Blue/green/red/yellow represent 
historical/early 21st/mid 21st/late 21st century 
precipitation as snow.  The relative change in 
precipitation as snow is larger at higher elevations.  
Thin line: average precipitation as snow; colored 
spread: range in precipitation as snow.  Red dashed 
line: elevation of Gardner-Demay property.



Figure 3: 21st century change in climatic 
moisture deficit
Panel a): Historical climatic moisture deficit.  A greater 
deficit  occurs at lower elevations.  Brown line: CPLA 
boundary.  Red star: Gardner-DeMay property.   Blue 
lines: rivers; black lines: roads.
Panel b): Late 21st century climatic moisture deficit 
change based on emission scenario.  Left: low 
emissions scenario.  Right: business-as-usual (BAO) 
emissions scenario.  More change occurs for the BAO 
scenario.
Panel c): change in climatic moisture deficit as a 
function of elevation.  Left: low emissions scenario.  
Right: BAO emissions scenario. Blue/green/red/yellow 
represent historical/early 21st/mid 21st/late 21st century 
frost free periods.  The relative change in climatic 
moisture deficit is greater at lower elevations.  Thin line: 
average climatic moisture deficit; colored spread: range 
in climatic moisture deficit.  Red dashed line: elevation 
of Gardner-Demay property.

b)

c)

a)
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