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Established by legislation in 1927, the New Mexico Bureau of Geology and Mineral 
Resources is a research and service division of the New Mexico Institute of Mining and 
Technology (New Mexico Tech). The Bureau of Geology is a non-regulatory agency that 
serves as the geological survey for the State of New Mexico. Through our offices, website, 
and publications, our staff serves the diverse population of our state by conducting 
research; distributing accurate information; creating accurate, up-to-date maps; providing 
timely information on potential geologic hazards; acting as a repository for cores, well 
cuttings and a wide variety of geologic data; providing public education and outreach 
through teaching and advising, our world-class Mineral Museum, and teacher/student 
training programs; and serving on geoscience-focused boards and commissions within the 
state. There is something at the Bureau for everyone who has ever wondered about the 
exceptional geology of New Mexico.

The New Mexico Interstate Stream Commission (NMISC) is a sister agency to, and 
administratively attached to, the New Mexico Office of the State Engineer. NMISC 
activities are overseen by eight appointed Commissioners in addition to the State 
Engineer, who serves as the Commission’s Secretary. The NMISC oversees New Mexico’s 
obligations and entitlements under eight interstate stream compacts to which 
New Mexico is a party. To ensure compact compliance, NMISC staff analyze, review, 
and implement projects in New Mexico and analyze streamflow, reservoir, and other 
data on stream systems. The NMISC is authorized by statute to investigate, develop, 
conserve and protect the water supplies of the state. In addition, the NMISC supports 
and conducts regional and state water planning efforts, implements Indian Water Rights 
Settlements, manages the State’s Strategic Water Reserve and supports compliance 
with federal environmental regulations such as the Endangered Species Act.  Further, 
Governor Michelle Lujan Grisham directed the NMISC to develop the New Mexico 
50-Year Water Plan.    

This report represents a collaboration between two state agencies: the New Mexico 
Bureau of Geology and Mineral Resources and the New Mexico Interstate Stream 
Commission. The work was carried out by the Bureau at the request of the New Mexico 
Interstate Stream Commission in support of development of New Mexico’s 50-Year 
Water Plan. The purpose of the report was to provide a solid and scientifically based 
foundation about climate change in New Mexico over the next five decades upon which 
to build the 50-Year Water Plan.

The Bureau appreciates the New Mexico Interstate Stream Commission’s vision in 
supporting the development of this project. The Bureau also deeply appreciates the 
expertise and commitment of the eight experienced scientists who developed the core 
chapters of this consensus study. We hope this report will be used by many in and around 
New Mexico for many years to come.
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O V E R V I E W
Introduction: Climate Change in New Mexico
The Earth is warming in response to increasing atmospheric carbon dioxide, and this 
warming will result in greater aridity in many parts of the world, including New Mexico. 
The primary observed and projected impacts include warmer temperatures, decreased 
water supply (partly driven by thinner snowpacks and earlier spring melting), lower soil 
moisture levels, increased frequency and intensity of wildfires, and increased competition 
and demand for scarce water resources. These effects may be accentuated by positive 
feedback cycles, tipping points, or compounding events. This report compiles, assesses, 
and integrates existing peer-reviewed published research, technical reports, and datasets 
relevant to the broad topic of changes to New Mexico’s climate over the next 50 years and 
resultant impacts on water resources, and represents the scientific foundation upon which 
New Mexico’s 50-Year Water Plan will be developed. New Mexico is a geographically, 
geologically, and climatically diverse state. Projected climate changes, and related impacts 
on water resources in different geographic areas of New Mexico over the next 50 years, 
will vary not only by region but also as a function of local elevation, and even by hillslope 
orientation. The currently observed trends of increasing temperature and constant, but 
more variable, precipitation will continue over the next 50 years.

Future Climate Projections
Global climate models driven by increasing greenhouse gases project an average 
temperature increase across the state of New Mexico of between 5° and 7°F over the 
next 50 years. This regional temperature increase follows the trend observed over the 
past half-century, at a somewhat amplified rate, with the northwest corner projected to 
experience a slightly higher rise during the same period. Although all models indicate 
significant increases in temperature, these models do not consistently project a significant 
change in average annual precipitation across the state, mirroring the absence of a 
clear trend in recent historical observations. However, some consistent differences in 
seasonality of precipitation emerge. During the winter, the northern mountains may 
receive somewhat more precipitation, whereas the southern parts of the state may be drier. 
Spring precipitation, critical for snowmelt runoff and ecosystems, may decline. Also in the 
southern part of the state, a trend towards somewhat stronger monsoonal activity may 
result in more summer precipitation, perhaps shifting toward somewhat later in the year. 

The coupled trends of increasing temperature with no clear increasing trend in precipitation 
leads to a confident projection of increasingly arid conditions, including decreased soil 
moisture, stressed vegetation, and more severe droughts. Snowpack and associated runoff 
are projected to decline substantially by 2070, generating diminished headwater streamflow. 
Warmer temperatures will also cause lower river flows due to increased evaporation as 
rivers flow downstream. The impact of climate change on New Mexico’s resources are, 
unfortunately, overwhelmingly negative.
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Impacts on the Land-Surface Water Budget
All water that we use in New Mexico originates as rain or snow falling onto the landscape, 
which either goes to groundwater, surface water, or returns to the atmosphere. Of the 
precipitation that falls on the state, 1.6% runs off into streams and rivers and 1.8% 
infiltrates into the ground, recharging subsurface aquifers. Much larger proportions are 
transpired by plants (78.9%), or evaporated (17.7%). The impact of climate change on 
all of these pathways will affect our state’s water budget. Notably, because of the larger 
percentages of water lost to evaporation or transpiration, even very small changes in these 
factors will result in large changes to runoff and recharge. As mentioned in Chapter 2, 
the climate will continue to warm over the next 50 years without a likely increase in 
precipitation, leading to greater statewide aridity. Hydrological modeling indicates declines 
in both runoff and recharge going forward, amounting to 3 to 5% per decade for both 
quantities. Historical trends in runoff indicate significant year-to-year variability, as do 
trends in soil moisture and recharge. But all are generally decreasing, consistent with the 
results of climate models that project a drying climate. Combining the historical trends with 
modeling of future changes, significant decreases in runoff and recharge seem very likely.

Terrestrial Ecosystems and Feedbacks to Water Resources
Climate is a fundamental driver of ongoing and future vegetation changes in New Mexico. 
Future changes in vegetation will affect the distribution and abundance of water resources 
in New Mexico. Major shifts in climate and vegetation across New Mexico’s landscapes 
have occurred in the past, but the scale and rate of recent and projected climate change 
is probably unprecedented during the past 11,000 years. Recent warming, along with 
frequent and persistent droughts, have amplified the severity of vegetation disturbance 
processes (fire, physiological drought stress, insect outbreaks), driving substantial changes 
in New Mexico vegetation since the year 2000. Ongoing and projected vegetation changes 
include growth declines, reduced canopy and ground cover, massive tree mortality episodes, 
and species changes in dominant vegetation—foreshadowing more severe changes to come 
if current warming trends continue as projected. Such major alterations of New Mexico 
vegetation likely will also have substantial ecohydrological feedbacks with New Mexico 
water resources. Since water-related environmental stresses occur in parallel with water 
supply shortages for people, such climate-change driven water stress could lead to 
increasing conflict between management of declining water availability for human use 
(e.g., irrigation) versus “wild” water retained for the maintenance of historical ecosystems.
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Impacts on Soils
Soils play a strong role in determining how New Mexico’s diverse landscapes will respond 
to climate change. Soil cover acts like a sponge, holding in water that falls as rain or snow. 
The presence of soil supports vegetation, and substantially reduces runoff and erosion. 
Soil enhances other processes such as infiltration of water and aquifer recharge. Soils can 
be damaged by a warming climate. Loss of vegetation in the northwest high desert and 
eastern plains, where soils are not well developed and easily damaged, will lead to dustier 
conditions in much of the state. On mountain hillslopes, the loss of vegetation cover in 
response to ongoing climate change will increase soil erosion, which then increases hillslope 
runoff. This, in turn, causes additional increases in soil erosion and bedrock exposure, 
which can largely prevent widespread recolonization by most plants, including trees. 
Soils on mountain hillslopes that face south, which are typically hotter and drier, will be 
damaged sooner by a warming climate than those on generally north-facing hillslopes 
that are slightly cooler and moister. Soils take many thousands of years to form, so these 
hillslopes will increasingly support sparse forests, or, in some circumstances, be entirely 
deforested. These changes are already well underway in some mountains in New Mexico.

Landscape Change, Fire, and Erosion
New Mexico has a dynamic landscape; climate change and increasing fire frequency over 
the next 50 years will amplify recently observed instability. As the climate changes to 
warmer conditions, less rainfall will infiltrate into aquifers, leading to increased overland 
runoff. Landform processes can be complex but, in general, the predicted changes in climate 
and precipitation will lead to increased upland erosion caused by runoff and increased 
downstream sediment deposition. Canyons, mesas, and small basins or valleys filled with 
sediment will be particularly affected. Rapid rearrangement of sediments by water is 
disruptive and potentially hazardous to ecosystems and societies. Dramatic examples of 
accelerated erosion following the Whitewater–Baldy, Las Conchas, and other wildfires 
here in New Mexico illustrate the types of hazards created when forested landscapes are 
severely burned. Post-wildfire erosion is typically initiated by intense rainfall events. Given 
that both the number of wildfires and rainfall intensities are likely to increase as the climate 
warms, New Mexico can expect to see increases in widespread erosion and sedimentation 
across and downstream from upland forested areas in the state. The large volume of 
sediment predicted to be on the move will be of concern for many reasons, including filling 
reservoirs, choking channels, and blocking or destroying infrastructure. Positive feedback 
loops lead to further reductions in slope stability.   
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Surface and Groundwater Supplies and Impacts on Users
Surface-water supply shortages induced by climate change will drive both agricultural 
and municipal/industrial water users to rely more heavily on groundwater. Less surface 
water will lead to lower recharge to some groundwater aquifers. The Lower Rio Grande 
is an in-progress example of this effect, with prolonged surface-water shortage leading 
to plunging groundwater levels. All water users in the state will experience decreased 
water availability as the climate warms and aridification occurs. This decrease in water 
availability will likely trigger changes of use from lower-value uses to higher-value uses, 
and this generally means a migration from agricultural water use to municipal/industrial 
uses. New Mexico has a rich and diverse history of water use that is central to its collective 
identity. This permanent shift towards a more arid climate will upset the hydrologic balance 
that has weathered cyclical drought. The declining mean and increasing variability in the 
surface-water supply is not cyclical, and recovery periods will be fewer and farther between. 
This will require difficult and divisive policy and management decisions, undoubtedly 
accompanied by an increase in disputes and litigation. New Mexico is by no means alone in 
facing these daunting challenges.

Extreme Precipitation and Stormwater Management
A warming climate could increase the magnitude of future storms, leading to extreme 
precipitation events and increased flooding in New Mexico. Warmer air can hold 
more water vapor, approximately 7% more moisture for each 1°C (1.8°F) increase in 
temperature. Global climate models (GCMs) used to predict future conditions are not 
detailed enough to simulate individual storms. Three major types of storms occur in 
New Mexico: short duration, high intensity local storms in summer (usually monsoonal); 
long duration general storms (caused by winter weather fronts); and occasionally the 
remnants of tropical storms. The principal risk from extreme precipitation events will be 
flooding in small watersheds from high-intensity local storms, precisely the storms that 
are hardest to simulate in climate models. Large-scale regional studies have corroborated 
the hypothesized increase in extreme precipitation with warming temperature, but few 
such studies exist on the impact on local storms in the four-corner states. A study of 
extreme precipitation events in Colorado and New Mexico was recently completed and 
has updated estimates of the magnitude of severe storms possible in our state. Data 
and modeling studies suggest that while the risk of the most severe storms might not 
increase beyond current estimated values, less severe (but still high intensity) storms 
may occur more frequently than at present, which could impact existing stormwater 
management infrastructure.
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Impacts on Water Quality
A warming climate may affect the quality of both surface and groundwater resources 
in New Mexico; the most likely effects may include increased temperature along with 
concentrations of nutrients, dissolved oxygen, and pathogenic organisms. Although the 
quality of groundwater may be affected, it is likely to be limited to locations with shallow 
groundwater depth and where surface water recharges the aquifer. The New Mexico 
Environment Department publishes an assessment of the quality of the state’s surface 
waters every two years. This recent assessment finds that the major causes of impairment 
of streams and rivers are temperature, nutrients (nitrogen and phosphorous compounds), 
E. coli bacteria, turbidity, and dissolved aluminum. The parameters most likely to be 
affected by a warming climate are temperature, nutrients, and E. coli concentrations. 
Studies suggest that loss of riparian vegetation is the biggest factor affecting water 
temperature. Modeling studies of the effects of climate warming on nutrient concentrations 
are somewhat inconclusive. Recent investigations suggest that E. coli concentrations may 
increase as a result of microbial regrowth in warming stream sediments in slow moving 
stream reaches. A future threat to water quality is runoff following wildfire events. Postfire 
runoff can cause depletion of dissolved oxygen far downstream from the burned watershed.

Statewide and Regional Impacts
All regions of New Mexico will be affected by climate change, but the topographic 
complexity of the state will generate distinct impacts by location. The average temperature 
will warm across the state, probably between 5° and 7°F, whereas average precipitation 
is likely to remain constant, even if more variable from year to year, with the possibility 
of more extreme precipitation events. Snowpack, runoff, and recharge will decline, 
stressing both surface and groundwater resources. Surface-water quality will decline. Plant 
communities will be stressed by higher temperatures and greater aridity, leading to more 
extreme wildfires and increased erosion. Damage to soils, related to a number of factors, 
will create greater atmospheric dustiness and lower water infiltration to aquifers. 

Although latitude plays a role in the effects of climate change, the bigger impact in 
New Mexico is related to local topography and elevation. For the purposes of this report, 
we are dividing New Mexico into four physiographic regions, based on projected climate 
change impacts and associated effects on hydrology. These four regions, which are 
defined by a combination of latitude and topography, are: the High Mountains (northern 
mountains, Gila/Mogollon–Datil, and Sacramento Mountains); the Northwestern High 
Desert (Colorado Plateau, San Juan Basin, and Zuni Mountain region); the Rio Grande 
Valley and Southwestern Basins; and the Eastern Plains.
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Recommendations: Data Gaps and Challenges
The process of evaluating and projecting climate change in New Mexico over the next 
50 years, and examining the impacts on water resources, illuminated a number of 
research topics that should receive attention from the state’s science community. A high-
priority research target is to better understand a number of facets of precipitation that 
New Mexico might experience over the next half century. These would include seasonality 
of precipitation, snowpack dynamics, and extreme precipitation. Better understanding of 
the latter would allow New Mexico planners to be able to consider how to put localized, 
heavy precipitation to good use, and to mitigate damage associated with flooding. Climate, 
hydrology, and ecology numerical models, which allow projection of conditions and 
behaviors of these natural systems in New Mexico over the next half century, are also 
needed. Finally, a number of observational data gaps have been identified, most notably 
a thorough and geographically distributed assessment of the water levels in New Mexico 
aquifers. Other topics include impact of climate change on soil moisture and groundwater 
quality, as well as landscape and ecological responses to climate change, both in terms 
of magnitude and timescales of response. This can be carried out, in part, by long-term 
ecological monitoring.
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I .  I N T R O D U C T I O N
Nelia W. Dunbar and David S. Gutzler

land-based ice, leading to sea-level rise. Global 
climate is expected to continue to change in response 
to ever-increasing levels of atmospheric greenhouse 
gases, primarily CO2.

The most significant negative impacts of climate 
change are distinct in different parts of the world, 
depending on the sensitivity of local systems to 
various climate perturbations (USGCRP, 2018). In 
the southwestern United States, the primary observed 
and projected impacts include warmer temperatures, 
decreased water supply (partly driven by thinner 
snowpacks and earlier spring melting), lower soil 
moisture levels, increased frequency and intensity 
of wildfires, and increased competition and demand 
for scarce water resources (Gonzales et al., 2018). 
Water quality may also suffer, and will affect people 
world-wide, but will be particularly detrimental to 
indigenous communities (Jantarasami et al., 2018).

A bundant scientific research demonstrates that 
the Earth’s atmosphere, oceans, and surface are 

warming, and that this warming is largely driven 
by human-induced activity, principally through 
a sustained increase in carbon dioxide (CO2) 
accumulating in the atmosphere since the beginning 
of the industrial revolution. Carbon dioxide and 
certain other gases, such as methane, trap heat in 
the troposphere, causing the planet’s surface to 
warm (as discussed in IPCC, 2014 and USGCRP, 
2017). This natural warming process, which is being 
enhanced by human activity, is called the greenhouse 
effect. Other extreme weather events, including 
droughts, prolonged heat waves, intense precipitation 
events and associated flooding, are occurring with 
greater frequency as the troposphere warms. And, 
increasing ocean and atmospheric temperatures are 
promoting rapid melting of Arctic and Antarctic 
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In addition to those reasonably well-understood 
climate-related hazards, there is a real possibility 
for three types of less obvious changes in the 
climate and hydrological systems due to climate 
disruption (USGCRP, 2017):

1.	 “Positive Feedback” (or “self-reinforcing”) 
cycles—Where a small change in one, or several 
systems can lead to accelerated change. For 
example, during times of higher temperatures 
and associated greater demand for surface 
water, water users will pump additional 
groundwater. Additionally, as water levels in 
aquifers drop, the rate of water loss from rivers 
to underlying aquifers may increase, reducing 
availability of surface water. The higher 
temperature will lead to more evaporation, 
and therefore less recharge of aquifers. 
Associated longer growing seasons and higher 
temperatures increase stress on the aquifers 
by further increasing the water demand of 
vegetation. All of these interrelated factors will 
lead to lower water availability.

2.	 “Critical Threshold” (or “tipping point”) 
events—A threshold is crossed in a natural 
system that triggers an irreversible reaction. 
Reversing the trigger does not restore the 
natural system to its original condition. 
For example, when water is pumped from 
certain aquifers, the pore space in the aquifer 
will collapse, resulting in a permanently 
reduced capacity of the aquifer. This 
change is irreversible.

3.	 “Compounding events”—Perturbation in one 
element of a natural system triggers a change in 
another system. For example, loss of vegetation 
and modification of the land surface by intense 
wildfires can increase the speed at which 
precipitation flows off the land, and in turn, 
lead to increased flood intensity.

Examples of the three effects listed above have 
already happened in New Mexico, as will be noted 
in the following chapters of this report. As climate 
disruption accelerates, we should be prepared for 
other examples of positive feedback, critical threshold 
and compounding events to occur.

In 2006, the New Mexico Office of the State 
Engineer convened a group of scientists who 
produced a report entitled The Impact of Climate 

Change on New Mexico’s Water Supply and Ability 
to Manage Water Resources (Watkins et al., 2006). 
The report was generated in response to Governor 
Bill Richardson’s recognition that the most significant 
impact of climate change on New Mexico was 
going to be the negative impact on the state’s water 
resources. Watkins et al. (2006) focused on a set of 
challenges listed below:

•	 Increasing temperature

•	 Changes in snowpack elevations 
and water equivalency

•	 Changes in available water volumes and timing 
of water availability

•	 Increasing precipitation in the form 
of rain rather than snow due to 
increasing temperatures

•	 Smaller spring runoff volumes and/or earlier 
runoff that will impact water availability for 
irrigation and for ecological and species needs

•	 Milder winters and hotter summers, resulting 
in longer growing seasons and increased 
plant and human water use

•	 Increased evaporative losses from 
reservoirs, streams, and soils due to 
hotter, drier conditions

•	 Increased evapotranspiration by 
agricultural and riparian plants

•	 An increase in extreme events, including 
both droughts and floods

New Mexico still faces all of these challenges 
today, but in the elapsed 15 years, additional research 
has led to a greater depth of knowledge about both 
climate change in general and specific consequences 
to New Mexico. Two Intergovernmental Panel on 
Climate Change (IPCC) reports (AR4 in 2007–08 
and AR5 in 2013–14) have been published since 
2006, and AR6 was released in late 2021. Two 
volumes of the 4th National Climate Assessment 
for the United States were published in 2017 and 
2018, containing a wealth of regionally specific 
information. And new scientific research on broad 
impacts of climate change in the Desert Southwest 
region, including New Mexico, has continued to 
move forward. With the proposed development of a 
50-Year Water Plan for New Mexico by the Interstate 
Stream Commission, a renewed assessment of climate 
change and its impact on water resources is timely, 
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in order to provide a foundational assessment for 
the 50-Year Water Plan.

The primary goal of this report, informally 
referred to as the “Leap Ahead” analysis, is to 
compile, assess, and integrate existing peer-
reviewed, published research, technical reports, and 
datasets relevant to the broad topic of changes to 
New Mexico’s climate over the next 50 years, and 
resultant impacts on water resources. The motivation 
for preparing this report was to have a solid, science-
based foundation in support of New Mexico’s 
50-Year Water Plan published in 2022. The authors of 
this report are expert New Mexican scientists whose 
research specialties span a broad and complementary 
range of research areas. The chapters of the report to 
follow this introduction are as follows:

2.	 Future Projections of Climate in New Mexico

3.	 Effects of Climate Change on the 
Land-Surface Water Budget

4.	 Climate Change: Terrestrial Ecosystem 
Responses and Feedbacks to Water 
Resources in New Mexico

5.	 Impacts on Soils

6.	 Landscape Change, Fire, and Erosion

7.	 Changes in Surface-Water and Groundwater 
Supplies and Impacts on Agricultural, 
Municipal, and Industrial Users

8.	 Effects of Climate Change on Extreme 
Precipitation Events and Stormwater 
Management in New Mexico

9.	 Impacts of a Warming Climate on Water 
Quality in New Mexico

10.	 Summary of Statewide and Regional Impacts of 
Climate Change on Water Resources

11.	 Recommendations: Data Gaps and Challenges

In many of the chapters in this report, authors 
will refer to “uncertainty” associated with a 
given natural process that may occur as a result 
of climate change. Uncertainty is inherent to 
scientific investigations, or any field that relies 
upon experiments and models, and results from 
the difficulty of being able to obtain complete 
information about a natural process, or from a 
lack of agreement about how to interpret results. 

In many cases, including examples in this report, 
uncertainty can be expressed in terms of a numerical 
range in results. In other cases, uncertainty can be 
expressed as a degree of confidence, as has been 
done in past IPCC reports, with likelihoods such as 
“very likely” or “very unlikely” being used. This level 
of uncertainty analysis is beyond the scope of this 
report, but readers who want to learn more about 
how this process was handled by the IPCC may refer 
to Mastrandrea et al. (2010).

New Mexico is a geographically, geologically, 
and climatically diverse state. Projected climate 
changes, and resultant impacts on water resources in 
different geographic areas of New Mexico over the 
next 50 years will vary not only by region, but also 
as a function of local elevation, and even by hillslope 
orientation. Chapter 10 of the report will summarize 
climate change impacts on water resources that will 
affect the entire state, but will also then focus on 
particularly important impacts on different regions 
of the state. For each region, the key climate-related 
factors that may impact diminishing (or increasing) 
water resources will be highlighted.

Finally, in addition to synthesizing the state of 
knowledge on climate change and impacts on water 
resources in New Mexico over the next 50 years, an 
important aspect of this report has been to identify 
significant data and modeling gaps, uncertainties, 
and to suggest research directions to strengthen our 
understanding of these important topics. This is 
addressed in the final chapter of the report, serving as 
a blueprint for valuable research directions that will 
help us better understand and adapt to the impacts of 
the looming challenges ahead.

The historical climate baseline for New Mexico is 
key to understanding the changes that are described 
in this report. A concise, illustrated introduction to 
the climate of New Mexico, and its past and future 
variability is presented below.

New Mexico has a temperate, semiarid climate, 
as described by Gutzler (2004). It is located in the 
subtropical latitude belt where descending air from 
the Hadley Circulation maintains a generally dry 
climate compared to latitudes near the equator or 
farther north, with a very pronounced seasonal cycle. 
Its interior position within the North American 
continent means that moisture evaporating off the 
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ocean must propagate a long distance to reach 
New Mexico, enhancing the tendency for rain 
out before water vapor reaches the state. Its high 
elevation, with the continental divide and Rio 
Grande rift mountains defining high and complicated 
topography, keep average annual temperatures 
cooler than surrounding states to the west and east 
(Fig. 1.1a). The mountains promote cloud formation 
and precipitation when moist airflows are forced 
upslope, so the map of averaged annual precipitation 
(Fig. 1.1b) mimics a map of topography. These 
moist airflows are associated with frontal systems 
propagating off the Pacific Ocean in winter, and 
monsoonal moisture from the south in summer. 
Hydrologic variability from year-to-year, or on 
longer time scales, can arise when these moist air 
flows follow different paths (such as winter storm 
tracks shifting north or south due to Pacific Ocean 
variability), or when temperature change affects the 
water balance at the surface (such as, by changing 
how much snow accumulates, or by changing 
surface evaporation rates).

Specific information, with supporting illustrations, 
on selected aspects of New Mexico’s past and future 
climate is summarized below:

•	 The average temperature across New Mexico 
has risen by more than 2°F from 1970 to 2020 
(Fig. 1.2), in parallel with global temperatures.

•	 Annual precipitation shows no obvious long-
term trend in the instrumental record, but 
interannual and decadal-scale swings are large 
(Fig. 1.2). Decadal averages of precipitation 
values peaked in the 1980s and have since 
declined for the three subsequent decades. The 
decadal average of statewide precipitation 
for 2011–2020 was very close to the average 
for the drought decade of the 1950s. Four of 
the five lowest annual statewide precipitation 
values since 1931 have occurred since the turn 
of the twenty-first century.

•	 Based on projections of the climatic response 
to global emissions of greenhouse gases, 
New Mexico temperatures are likely to increase 
significantly in coming decades (Fig. 1.3). The 
projected increase in temperature is described 
in more detail in Chapter 2. 

•	 The record of past drought in New Mexico 
reflects the pronounced natural variability 
of precipitation, a considerable fraction of 
which can be explained by natural fluctuations 
of Pacific Ocean temperatures (such as the 
El Niño cycle). New Mexico has experienced 
extended periods of wetter or drier conditions 
for many centuries (Fig. 1.4), and these 
fluctuations are expected to continue in future 
decades. Intermittent profound drought 
periods, the dry half of natural variability such 
as we are experiencing today, are endemic 
to the Southwest. The first few years of the 
ongoing drought epoch are shown as declining 
values at the end of the time series in Fig. 1.4. 
The approximate frequency of swings between 
drought and pluvial (wetter) conditions in this 
figure (approximately twice/century) suggests 
that New Mexico’s climate might transition 
back toward an epoch of wetter conditions 
sometime in the next few years, but we 
currently have no reliable way to predict when 
such a swing might take place. 

•	 Snowpack has been declining over the past 
several decades in association with warming 
temperatures and increases in dust blowing 
onto snow (Livneh et al., 2015), promoting 
earlier snowmelt. When snowpack becomes 
dust-covered, the snow’s ability to reflect 
solar radiation decreases, causing more solar 
radiation to be absorbed, and therefore more 
rapid melting. Observed snowpack in the 
headwaters of the Rio Grande has declined 
>20% spanning an epoch of both drought 
and pluvial conditions (Fig. 1.5, top curve). 
Snowmelt runoff (not shown in this graph) 
has been occurring earlier as average spring 
temperatures rise. Streamflow in major rivers 
(Rio Grande headwaters shown as an example 
in bottom curve of Fig. 1.5) so far has not 
exhibited long-term trends as clearly as the 
trends in snowpack or temperature. However, 
flow deficits during recent drought years have 
been lower than flows in earlier severe drought 
episodes, suggesting that the effects of declining 
snow and rising temperature are starting to 
become evident as a worsening of low-flow 
conditions during severe droughts. 
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Figure 1.2. Observed annual temperature (red) and precipitation (blue) averaged over the state 
of New Mexico, 1931–2020. Source: updated from New Mexico Universities Working Group 
(2015) and Gutzler (2020). 

Figure 1.1. 30-year average “normal” values of observed annual temperature and precipitation, 1981–2010 (from PRISM group at 
Oregon State University).

A. Mean Annual Temperature 1981–2010 B. Mean Annual Precipitation 1981–2010
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Figure 1.3. Observed and projected changes (compared to the 1901–1960 average) in near-surface air temperature for New Mexico (USGCRP, 
2017). Observed data are for 1900–2018. Projected changes for 2006–2100 are from global climate model simulations of possible futures, one in 
which greenhouse gas emissions increase at an accelerated rate (higher emissions) and another in which greenhouse gas emissions increase at a 
rate similar to that observed today (lower emissions). Shading indicates the range of annual temperatures from a large set of CMIP5 global climate 
models. Observed temperatures are generally within the envelope of model simulations of the historical period (gray shading), serving to validate the 
model simulations. Historically unprecedented warming is projected during the twenty-first century, as discussed in more detail in Chapter 2.
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Figure 1.5. Observed April 1 snowpack (green) and annual streamflow (blue) in the Rio Grande headwaters. 
Kaf = thousand acre-feet. From Gutzler (2020).

Figure 1.4. Time series of the Palmer Drought Severity Index (PDSI) from the year 1000 to 2018 (USGCRP, 2017). This index uses 
temperature and precipitation data to estimate relative dryness. Values for 1895–2018 (red) are based on measured temperature and 
precipitation. Values prior to 1895 (blue) are estimated from indirect measures such as tree rings. The thick black line is a running 20-year 
average. In the modern era, the wet (pluvial) periods of the early 1900s and the 1980s–1990s and the drought period of the 1950s are 
evident. The extended historical record (in red) indicates episodic occurrences of similar extended pluvial and drought periods. 




