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Background: This is an accessible version of the content on the ESRI Story Map with the 2021 Forest 
Health Conditions in Arizona and New Mexico which is at: https://www.fs.usda.gov/detailfull/r3/forest-
grasslandhealth/?cid=fseprd855188&width=full. This document contains the text and photographs of the 
Story Map, however, note that the content of the interactive maps and dashboards are not capable of 
being reproduced here. 

2021 Forest Health Conditions 
in Arizona and New Mexico 

A collaborative project from USDA Forest Service Forest Health Protection, Arizona 

Department of Forestry and Fire Management, and New Mexico State Forestry 

 

Introduction 
 

The Forest Health Protection staff of the Southwestern Region provides assistance and expertise to 

Federal, State, and Tribal land managers in Arizona and New Mexico concerning forest health conditions 

and issues. Forest Health provides advice and support for projects to help prevent or suppress insect and 

disease outbreaks. Annually, surveys are conducted to monitor forest health conditions and provide land 

managers with information on current issues, with an emphasis on detecting insect and disease activity. 

The Forest Health Protection program is a part of the USDA Forest Service and works collaboratively with 

Arizona State Department of Forestry and Fire Management and New Mexico Forestry Division to conduct 

annual aerial detection and ground surveys of forest health conditions. Satellite remote sensing is also 

used to gather information on forest health conditions. These surveys assess forest insect and disease 

issues throughout the Southwestern Region (Arizona and New Mexico). This includes damage such as tree 

mortality caused by bark beetles, tree defoliation by leaf/needle feeding caterpillars, tree discoloration or 

branch flagging caused by pathogens, and abiotic factors like drought and hail damage. 

This story map is organized by different types of forests found in the Southwestern United States. Starting 

in the lower elevations with common damages seen in oak and pinyon- juniper forests and moving up in 

elevation through ponderosa pine and mixed conifer forests, culminating in the subalpine forests that are 

populated by spruce, corkbark fir and aspen. 

https://www.fs.usda.gov/detailfull/r3/forest-grasslandhealth/?cid=fseprd855188&width=full
https://www.fs.usda.gov/detailfull/r3/forest-grasslandhealth/?cid=fseprd855188&width=full


 

 

 

 

Map: A screen capture of the interactive Story Map. 

 

Forest Health Survey Damage and Survey Extent Map 
 

For decades, the Forest Service has collected data and monitored forest health conditions across the 

Southwest. As part of this effort, Forest Health Protection utilizes aircraft, satellite imagery, and the latest 

technology to give land managers the complete picture of our forests’ health and impending risks. This 

provides land managers the information needed to treat pests, protect wildlife habitats, and manage 

wildfire risk. 

The 2021 annual aerial detection survey covered approximately 24 million acres of forest and woodlands 

across Arizona and New Mexico in 2021. Special surveys were conducted in both states to document 

extensive tree dieback and mortality in the pinyon-juniper woodlands. 



 

 

Climate 

Drought 
The Southwest has been experiencing chronic and persistent drought during the past two decades and 

these cumulative impacts had significant effects on densely packed forests across the Region. Evidence of 

prolonged drought stress was observed in all tree species across the Southwest, especially in ponderosa 

pine, juniper, deciduous oaks, and other woodland species. At the landscape level, drought stress 

occurred most heavily across the Mogollon Rim in northern Arizona and throughout central and northern 

New Mexico. Abiotic stressors, such as drought, can increase the susceptibility of trees to insects and 

diseases that do not normally affect healthy, vigorous trees. Special aerial surveys and use of WorldView 

imagery aided in the mapping of these areas. 

Conditions at the star of the survey season 
The Southwestern Region experienced exceptional drought conditions entering 2021 and these conditions 

persisted throughout the survey season. A productive monsoon season brought significant amounts of 

precipitation into the Region and by August much of the region was no longer in extreme or exceptional 

drought status. Despite the active monsoon tree mortality continued into the late summer and fall. 

Rising Temperatures 
Increased temperatures are compounding drought effects across all forest types. Climate projections 

predict increases in drought frequency and intensity in the Southwest as a consequence of climate change 

- potentially leading to fundamental and drastic ecosystem shifts. Data from the USFS National Insect and 

Disease Risk Map highlight the risk of substantial tree mortality from insects and diseases through 2027. 

Continued region-wide monitoring of forest health is imperative for effective forest resource 

management in a changing climate.  

 

 

Chart: A graph showing the percent of area in the Southwest with drought conditions over the last 21 years.   

  

https://usfs.maps.arcgis.com/apps/webappviewer/index.html?id=52cb2bcc3c2b4868ac87b66f622062ab
https://usfs.maps.arcgis.com/apps/webappviewer/index.html?id=52cb2bcc3c2b4868ac87b66f622062ab


 

 

 

Map: Mean July through September 2021 temperature rankings as compared to the long-term mean temperatures for the period 

1985 to 2010, for the southwestern US. 

 

Oak Damage 

Oak Dieback 
Many oaks in the Southwest, including Emory, Mexican blue, and Arizona white are known to be drought 

deciduous, meaning they will shed their leaves in times of acute moisture stress. This serves as a 

mechanism to conserve water and reduce transpiration when water is limited. In 2021, widespread 

defoliation was observed in many oak species throughout Arizona and New Mexico, likely in response to 

the severe chronic drought conditions occurring across much of the Southwest. This phenomenon 

indicates that conditions are becoming increasingly stressful in these oak woodlands.  Following the onset 

of monsoonal moisture, the vast majority of these oak species were able to reflush. 



 

 

 

Photo: (Left photo) Oak stands located in the Santa Rita Mountains exhibiting drought related defoliation prior to the onset of 

monsoonal moisture. (Right photo) The same oak stands following the onset of monsoonal moisture. 

 

Biscogniauxia Canker of Oak 
In 2021, fungal pathogens of the genus Biscogniauxia were observed causing dieback and mortality of 

Emory and silverleaf oaks in many new locations on the Coronado and Tonto National Forests. Prior to 

2018, there had been no reports of Biscogniauxia spp. affecting oaks in Arizona. Two species have been 

identified, Biscogniauxia mediterranea and a previously undescribed Biscogniauxia species. A first report 

formally documenting Biscogniauxia mediterranea causing disease on Emory oak was published in 2021 

(Wright et al. 2021). Pathogens of this genus are generally associated with drought-stressed trees. As 

conditions in the Southwest continue to become hotter and drier, it is likely these pathogens will continue 

to become more prevalent on the landscape. 



 

 

 

Photo: Oak mortality associated with Biscogniauxia spp. observed in Madera Canyon in the Santa Rita Mountains.  

 

Juniper  

Drought Damage 
Widespread crown dieback of juniper in 2021 was observed due to ongoing drought conditions. Most of 

the damage is occurring in Arizona; however, a large area of juniper mortality was also observed in the 

Guadalupe Mountains of southeastern New Mexico. Although this dieback is primarily drought driven, 

bark beetles have been found in some areas causing limited mortality, but it is not widespread. 

Pinyon-juniper woodlands are not surveyed annually in their entirety, but several special surveys were 

conducted to try to document the drought-driven event. Over 350,000 acres of juniper with crown dieback 

and mortality were observed in the areas surveyed with moderate to severe damage intensities. 

This event affected large areas of the interior western US, special surveys were also conducted in 

Colorado, Nevada, and Utah.  



 

 

 

Photo: Juniper dieback in the Guadalupe Mountains, Lincoln National Forest. 

 

 

Photo: Worldview satellite imagery collected in the month of May used to map the extent of the juniper event within the Wupatki 

National Monument and Coconino National Forest. In early July, an aerial survey of the same area was completed, and it was 

noted that there was approximately a 50% increase in dieback between those two surveys.  



 

 

Juniper Resprouting 
The 2021 monsoon season improved the drought conditions and new growth occurred in some trees that 

looked completely dead, hence the distinction between mortality and crown dieback. New growth was 

observed on more than 60% of junipers experiencing severe dieback in limited sampling across the 

Coconino, Kaibab and Prescott National Forests in October 2021. Monitoring of juniper health will 

continue in 2022. 

Limited sampling was conducted across the Coconino, Kaibab and Prescott National Forests in October 

2021 to determine the level of juniper mortality versus severe dieback and whether trees were 

resprouting. The average percent dieback of sampled trees was greater than 85%. New growth was 

observed on 60 – 75% of junipers experiencing severe dieback depending on the Forest. Monitoring of 

juniper health will continue in 2022. 

 

 

Photo: A juniper that was experiencing drought related dieback, now resprouting in the fall, on the Coconino National Forest.  



 

 

Pinyon Pine Mortality and Defoliation 
 

Drought, pinyon needle scale, and pinyon ips beetle all contributed to increases in pinyon damage this 

year. Pinyon mortality has increased in 2021 from less than 15,000 acres in 2020 up to nearly 136,000 

acres regionwide. Some of this increase is due to surveys of additional areas for special surveys. 

During early season field visits, pinyon needle scale was highly evident across the landscape of both states. 

While some large areas were captured with defoliation during aerial surveys, the damage is not as visible 

as it was earlier in the season. In areas where heavy pinyon needle scale was mapped in 2020, pinyon pine 

trees have succumbed to drought stress and subsequent pinyon ips-caused mortality. 

Pinyon ips had not recently been a major contributor to pinyon mortality in the region, but drought effects 

have significantly increased the number of acres with mortality across the northern half of the region. 

These pinyon woodlands were hit hard by a major drought in 2002-2003 when over 1 million acres with 

pinyon mortality were documented across the region. 

 

Photo: Pinyon pine mortality (red trees) on the Kaibab National Forest.    



 

 

 

Photo: (Left photo) A close-up view of pitch tubes caused by ips beetles tunneling into the bark. (Right photo) Ground view of 

pinyon pine mortality caused by ips beetles on Red Mountain in northern Arizona.  

 

 

Ponderosa Pine 

Mortality 
Ponderosa pine mortality by bark beetles increased extensively from nearly 75,000 acres recorded in 2020 

to 544,000 acres this year. This increase is largely a response to the hotter and drier conditions 

experienced in the last several years. 

Defoliation, Drought & Discoloration 
Aside from the massive increase in ponderosa pine mortality, large areas of yellowing ponderosa pine 

were observed region-wide. Ongoing field visits revealed many areas with no major or discernable insect 

or disease activity causing the discoloration. The damage is primarily second- and third-year needles 

browning early in the year, which is a water conservation tactic for the trees.  



 

 

 

Photo: This photo from the San Mateo Mountains, Cibola National Forest, is an example of the yellow discoloration that was 

observed on ponderosa pine across the region.  

  



 

 

Mixed Conifer Forests 
 

Mixed conifer forests (primarily consisting of Douglas-fir and white fir) are experiencing higher mortality 

throughout the region, but not as drastically as other forest types. Often increased mortality occurs when 

trees experience periods of drought, fire, disease, and insect activity. Douglas-fir and white fir mortality 

increased considerably with nearly 50,000 total acres of mortality combined in 2021. 

 

 

Photo: White fir mortality on the Sandia Mountains of the Cibola National Forest. This area has recently had a Douglas-fir tussock 

moth outbreak and root rot pockets that suppressed the health of the forest.  

 

Red Belt Winter Injury in Dry Mixed Conifer 
 

In New Mexico, a fairly large red belt event was recorded in 2021, with over 6,800 acres of damage 

recorded. The discoloration was found on a variety of conifer species of different age and size, including 

ponderosa pine, Douglas-fir and white fir. The red belt event was visibly apparent from south of Sierra 

Blanca north throughout the Smokey Bear Ranger District, including a large area of the Capitan Mountains. 

Red belt occurs with the sudden appearance of warm dry winds (e.g. Chinook winds) that produce a 

temperature inversion. A relatively thin layer of warm air arrives that cannot mix downward and continues 

to contact side slopes. Trees exposed to unseasonably warm air by day receive seasonably cold air at night. 

This alteration of warm and cold air exposure, along with the frozen condition of the soil, results in 

desiccation injury because daytime transpiration removes moisture from the needles more rapidly than 

roots in frozen soil can replace it. The bases of affected needles typically remain green, and damage can 

resemble salt injury or needle cast diseases. 



 

 

 

Photo: Reddened needles of a white fir affected by red belt winter injury. 

 

Spruce Mortality 
 

Spruce beetle-caused tree mortality in the region continues to occur in the Pecos Wilderness on the Santa 

Fe National Forest and headwaters for the Pecos River. Based on aerial observations, more than 50% of 

the canopy is already dead, yet mortality continues to occur. There has also been a large spruce beetle 

outbreak occurring for many years on the Rio Grande National Forest just north of New Mexico in 

Colorado. 

In Arizona spruce-fir forests are more limited. Sky islands have lost a majority of their mature spruce 

component due to 20 years of severe damage events caused by high elevation agents such as loopers, 

spruce aphid, and spruce beetle. 

Engelmann spruce occurs at the most southern end of the host distribution in the Southwestern Region 

and significant mortality and damage has been reported on more than 30,000 acres in Arizona during the 

past 5 years. Increases in recent spruce mortality has primarily been caused by the exotic spruce aphid in 

Arizona which is associated with warm winters.  



 

 

 

Photo: A view spruce mortality across the southern side of the Santa Barbara Divide in northern New Mexico on the Pecos 

Wilderness, Santa Fe National Forest.   

 

 

Photo: Spruce mortality on Mount Baldy, White Mountain Apache Tribal Lands. Here, spruce mortality is occurring among all size 

classes mostly resulting from several consecutive years of spruce aphid outbreaks.  



 

 

Aspen 
 

Aspen Mortality 
Aspen mortality has been occurring in the western United States for the latter half of the twentieth 

century and continues to be an acute problem in Arizona. This mortality is influenced by drought, ungulate 

browse, fire suppression, insects, and disease. Chronic over browsing has led to a complete lack of 

regeneration in many areas particularly the Coconino and Kaibab National Forests. 

 

 

Photo: Overstory mortality in an aspen stand located on the Coconino National Forest.  

Oystershell Scale 
Oystershell scale (OSS) is an emerging invasive insect in southwestern forests that presents an additional 

threat to aspen resilience in the region. This insect is particularly severe within ungulate exclosures and 

on saplings and regeneration which are lacking in many areas of the Southwest. 

Forest Health Protection (FHP) has been monitoring changes in Arizona’s aspen via aerial survey and 

intensive site monitoring since the early 2000s. Most recently, FHP has partnered with National Forests 

and researchers at Northern Arizona University to evaluate the extent and severity of oystershell scale 

(OSS) infestations on aspen and to evaluate mitigation strategies to reduce populations of OSS and the 

resulting mortality. 



 

 

 

Map: a.) Left map. The widespread extent of oystershell scale across northern Arizona, with positive observations shown as red 

triangles. The potential range of aspen in Arizona outlined in black, according to Albert Little (1971). Figures b.) and c.), top right 

and bottom right, show infested areas surrounding Flagstaff and along the Mogollon Rim respectively. Figures b.) and c.) include 

positive observations (red triangles) and negative observations shown as black points with the actual distribution of aspen shown 

in gray. These observations were documented in permanent aspen monitoring plots and aspen exclosures designed to exclude 

large ungulates that browse on new aspen shoots and seedlings. Map details and more information on the extent and impacts of 

invasive oystershell scale can be found in Crouch et al. 2021. 

 

Southwestern White Pine 
 

Southwestern white pine faces increasing pressure from hotter, drier conditions and white pine blister 

rust (WPBR), a disease caused by the non-native pathogen Cronartium ribicola. Work continued in 2021 

to identify seed sources with resistance to WPBR and adaptive traits suited to changing climate conditions. 

Long-term field trials are used to validate results from seedling inoculation trials at Dorena Genetic 

Resource Center in Oregon and monitor the durability of resistance. Field trials also expose trees to local 

site conditions and stressors which may influence susceptibility to WPBR and provide information on 

adaptive traits such as drought tolerance. Two long-term field sites have been established in the 

Southwestern Region, one on Mescalero Apache Tribal Lands in New Mexico and one on the Apache-

Sitgreaves National Forests in Arizona. In 2021, 1,200 seedlings were planted in the Arizona field site, 

bringing the total number of seedlings planted up to 2,292. At the field site in New Mexico, 1,160 seedlings 

were planted that increased the total number of trees planted to 1,391.  

https://link.springer.com/article/10.1007/s10530-021-02545-0


 

 

 

Photo: Planting of the field site located on Mescalero Apache Tribal Lands in 2021. 

 

Contact Us 
 

FS-Region 3 Forest Health Protection 
email: SM.FS.R3FHP@usda.gov 

There are several collection methods utilized including aerial detection survey, ground collection, and 

satellite remote sensing. FHP also conducts detailed monitoring projects for some insects and diseases. 

Most data is collected during the aerial detection surveys, a collaborative project with our state partners, 

Arizona Department of Fire and Forestry and New Mexico State Forestry. Efforts are underway to detect 

and identify damages through satellite remote sensing. Visit the Southwestern Region FHP website for 

further info on Insect & Disease Surveys.  

mailto:SM.FS.R3FHP@usda.gov


 

 

Map Disclaimer 
This map is intended to depict physical features as they generally appear on the ground and may not be 

used to determine title, ownership, legal boundaries, legal jurisdiction, including jurisdiction over roads 

or trails, or access restrictions that may be in place on either public or private land. Obtain permission 

before entering private lands, and check with appropriate government offices for restrictions that may 

apply to public lands. 

Lands, roads, and trails within the boundaries of a national forest may be subject to restrictions on motor 

vehicle use. Obtain a Motor Vehicle Use Map or inquire at the local Forest Service office for motor vehicle 

access information. Natural hazards may or may not be depicted on the map, and land users should 

exercise due caution. This map is not suitable for navigational use. 

Data Disclaimer 
The USDA Forest Service makes no warranty, expressed or implied, including the warranties of 

merchantability and fitness for a particular purpose, and assumes no legal liability or responsibility for the 

accuracy, reliability, completeness or utility of these geospatial data, or for the improper or incorrect use 

of these geospatial data. These geospatial data and related maps or graphics are not legal documents and 

are not intended to be used as such. The data and maps may not be used to determine title, ownership, 

legal descriptions or boundaries, legal jurisdiction, or restrictions that may be in place on either public or 

private land. Natural hazards may or may not be depicted on the data and maps, and land users should 

exercise due caution. The data are dynamic and may change over time. The user is responsible to verify 

the limitations of the geospatial data and to use the data accordingly. 


