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From
the

Director

ollaboration is what we’re all
about at the National Drought
Mitigation Center. Well, we’re all
about drought planning and monitoring,
of course, but those efforts only get so
far if you aren’t working with others who
share your vision. At a time when the
Bureau of Reclamation announced the
first declared water shortage in the
Colorado River Basin (Page 5) and with
yet another La Niña pattern expected to
develop, making a dry Southwest winter
more likely, now is the time to work
together on improving planning and
Mark Svoboda
monitoring efforts. This edition of
DroughtScape is filled with examples of how we’re teaming up with
partners to better prepare for future droughts and navigate current
ones.
On Page 9, you’ll be able to read about some of the projects that
we’re working on as part of our latest one-year cooperative agreement
with the U.S. Department of Agriculture’s Office of the Chief
Economist (OCE). The projects represent our collective areas of
expertise, from climatology to the social sciences (more on that in a
bit) to economics to communications.
While that story shows an agreement with a specific agency to
develop a set of products and projects, the new Media Drought Index
(Page 8) provides quantitative context to researchers, climatologists
and the public who want to know where drought is heating up in the
news. We’re excited to share this new resource on the NDMC website
and look forward to any open-source collaborations that come from it.
Speaking of sharing, I want to thank the NASA communications
team for letting us reprint a story about how their satellite resources
factor into drought monitoring on the ground. (Page 11) At the outset
of the reporting process, reporter Sofie Bates reached out to our
communications team to see if we had recommendations for
ranchers to speak with, and we recommended a California rancher
named Tracy Schohr who had been posting about #drought21
conditions on Twitter. Bates’ interview with Schohr provides a
revealing glimpse at how producers use tools like the U.S. Drought
Monitor.
And finally, I want to welcome our newest staff member, Maddie
Goebel, to the NDMC team! Maddie is our new social science
research assistant, and you can learn more about her on Page 13.
The social sciences help us develop new products and projects and
better tailor current tools to users' needs. Ultimately, our goal is
always to make our work, products and services usable! Goebel is
already working with NDMC social science coordinator Dr. Tonya
Haigh on a survey of how people in the Great Plains and parts of the
West are using the Grass-Cast forage productivity tool, and how it
could better serve them. That kind of collaboration is what we’re all
about at the NDMC. ❍
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3RD QUARTER OF 2021 CLIMATE SUMMARY
Drought intensified in parts of Great Plains, Midwest,
South
By Curtis Riganti
NDMC Climatologist
Drought classifications are based on the U.S.
Drought Monitor. Details on the extent and
severity of drought are online:
droughtmonitor.unl.edu.
The outlook integrates existing conditions
with forecasts from the National Oceanic
and Atmospheric Administration’s Climate
Prediction Center:
www.cpc.ncep.noaa.gov.

National Summary
he third quarter of 2021 was quite
warm in much of the West and the
northern Great Plains, while milder,
occasionally below-normal temperatures
graced the southern tier of states. Drier
and wetter weather was more varied
across the contiguous U.S. Dry conditions
affected the northern and western Great
Plains, northern Minnesota, northern
Illinois, and central Oklahoma. Meanwhile,
copious rainfall occurred in Arizona,
Louisiana, Mississippi, Alabama, and the
Northeast. Some of the high rainfall in the
latter areas was associated with Hurricane
Ida. By the end of September, drought or
abnormal dryness covered large swaths of
the contiguous U.S. west of the
Mississippi River, as well as several
islands in Hawaii.

T

Notable areas of dryness in the western half of the U.S. included inland
California, southwestern and eastern Montana, central and southeast
Washington, northern and southeast Wyoming, northeast Colorado,
southwest Nebraska, northwest Kansas, North Dakota, and central and
eastern Oklahoma. The most widespread wetter-than-normal conditions
in the western half of the country were found in Utah and Arizona.

Drought
Despite the large drought coverage
still present in the western U.S. at the end
of the period, notable improvements
occurred in Arizona and New Mexico.
Unlike in 2019 and 2020, the 2021 North
American Monsoon delivered hefty rainfall
amounts there, leading to multiple
category improvements over a widespread
area. Widespread degradation to drought
conditions occurred in the third quarter in
northern Minnesota, Montana, Idaho, the
Interstate 80 corridor in eastern Iowa and
northern Illinois, western Nebraska,
northeast Colorado, northwest Kansas,
much of Oklahoma, and parts of Texas.
Improvements occurred in eastern South
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Precipitation varied widely across the contiguous U.S. during the third
quarter of 2021. North Dakota experienced its 30th-driest July–
September period on record, while South Dakota received aboveaverage precipitation. New York and Massachusetts experienced their
wettest July–September periods on record.
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Dakota, adjacent parts of Minnesota
and Iowa, central Wisconsin,
Michigan, and the Northeast. During
the third quarter, northern Alaska
improved from abnormal dryness;
farther south, a few areas of
moderate drought also developed
and ceased during the quarter. In
Hawaii and Puerto Rico, a mixed bag
of improvements and degradations
occurred during the July–September
period. Overall, moderate drought
coverage increased from 39.53 to
40.05%, severe drought coverage
increased from 29.85 to 30.61%,
extreme drought coverage increased
from 19 to 19.32%, and exceptional
drought coverage decreased from
8.11 to 6.07%.

Precipitation
Precipitation varied widely
across the contiguous U.S. during
the third quarter of 2021. Notable
areas of dryness in the western half
of the U.S. included inland
California, southwestern and
eastern Montana, central and
southeast Washington, northern and
southeast Wyoming, northeast
Colorado, southwest Nebraska,
northwest Kansas, North Dakota,
and central and eastern Oklahoma,
the latter particularly in September.
The most widespread wetter-thannormal conditions in the western
half of the country were found in
Utah and Arizona, where some areas
received twice their normal
precipitation for the July-September
period. Farther east, much drier than
normal conditions covered northern
Minnesota, northern Illinois, and
adjacent southern Wisconsin.
Above-normal rainfall occurred in
several parts of the eastern U.S.,
including the northern Michigan
Lower Peninsula, several pockets
from Louisiana to Tennessee, and
the Northeast (particularly the
southern two-thirds), partially a
consequence of extremely heavy
rains from the remnants of
Hurricane Ida, which caused severe
flash flooding over a widespread
area.

Temperature

During the third quarter of 2021, a few areas in North Dakota, eastern Montana,
and northern Minnesota had temperatures from 4 to 6 degrees above normal.
Excluding southern California, the southern tier of the U.S. had near or slightly
cooler than normal weather.

Warmer than normal temperatures covered large swaths of the contiguous U.S.
from July through September.

Warmer than normal
temperatures covered large swaths
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of the contiguous U.S. from July
through September. Temperatures
from 2 to 4 degrees above normal
were common in the central and
northern Great Plains and in the
western U.S., excluding southern
portions of Arizona and New
Mexico. During the third quarter of
2021, a few areas in North Dakota,
eastern Montana, and northern
Minnesota had temperatures from 4
to 6 degrees above normal.
Excluding southern California, the
southern tier of the U.S. had near or
slightly cooler than normal weather.
In Alaska, the southeast and the
Aleutian Islands had near normal
temperatures for the period. Interior
parts of Alaska were generally 1 to 2
degrees cooler than normal.
Temperatures in Hawaii were
generally within a degree of normal.
Temperatures in Puerto Rico were
also within a degree of normal.

Outlook

Drought development is forecast in the central and southern Great Plains, as
well as much of Texas.

From October until the end of the
year, the National Weather Service
Climate Prediction Center is
forecasting drought conditions to
improve in the Pacific Northwest,
New England, and parts of the Upper
Midwest. Drought development is
forecast in the central and southern
Great Plains, and across much of
Texas. Improvement to drought
conditions is forecast in Hawaii. In
Puerto Rico, the northern, eastern,
and southern coasts are forecast to
have drought development before the
end of the year. ❍

MONTHLY
DROUGHT AND
IMPACT
SUMMARIES

SUPPORT NDMC

Click the link below and select the National Drought
Mitigation Center Excellence Fund under Choose a Fund

bit.ly/support-ndmc

For a more detailed review of
conditions, please visit:
drought.unl.edu/Publications/
MonthlySummary.aspx
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3RD QUARTER 2021 DROUGHT IMPACT SUMMARY
Historic drought challenges western U.S., increases
likelihood of major water issues
By Denise Gutzmer
NDMC Drought Impacts Specialist
rought intensified in large
swaths of the U.S. from
California and the Pacific
Northwest eastward to Minnesota
and the Great Plains, particularly in
Oklahoma, where flash drought
developed late in the third quarter.
An active monsoon season eased
drought in the Southwest. Rain
eased drought in parts of the
Dakotas and upper Midwest, as well
as the Northeast and an area of the
Mid-Atlantic.
The NDMC added 440 impacts
to the Drought Impact Reporter from
July through September. Many of
those impacts occurred in
California, and documented water
restrictions and water-related issues
that probably won’t improve
significantly until the rainy season
begins toward the end of autumn.
Minnesota and Utah followed with
54 and 49 impacts, documenting
many agricultural effects in
Minnesota and water issues in Utah.

D

affected areas of the U.S. after the
intense drought and record heat of
summer. All wheat production
reached a 19-year low of 1.65 billion
bushels, per the U.S. Department of
Agriculture’s Quarterly Stocks and
Small Grains Summary released at
the end of September. That was
below the previous estimate of
nearly 1.67 billion bushels and
below expectations, as reported by
Agweek in Fargo, N.D.
Winter wheat production was
lowered to 1.28 billion bushels, with
hard red winter wheat down to 749
million bushels. Spring wheat
production also fell to 331 million
bushels, and the agency estimated
that producers harvested only 10.2
million acres, for an abandonment
rate of 11%. Acreage losses were
highest in Montana, which was

down 25%. South Dakota was down
18% and North Dakota down 5%.
Total wheat production in
Washington state plummeted nearly
50% to 87.1 million bushels, the
smallest harvest in 57 years. Wheat
production in that state yielded just
39.1 bushels per acre, down from
72.4 in 2020, according to the
Columbia Basin Herald in Moses
Lake, Washington.

First-ever water
shortage declaration in
the Colorado River
Basin
As the water level at Lake Mead
continued its downward trend into
record low territory, the Bureau of

Livestock sales, poor
hay growth
Extreme heat and drought dried
up pastures, leaving no hay or feed
for cattle, pushing many cattle
producers from Canada, across the
U.S. and Mexico to sell livestock, as
reported by Reuters. The liquidation
of breeding stock is expected to limit
cattle production for years, tighten
the North American beef supply, and
increase prices consumers will pay,
according to ranchers and cattle
experts. Corn and failed small grains
were cut for livestock feed in parts
of North Dakota and elsewhere.

Drought hurt U.S.
wheat production
Crop estimates were not very
optimistic for many drought-
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Lakes Mead and Powell (pictured) have a combined water storage of 39% of capacity,
compared to 49% at this time in 2020, according to the Bureau of Reclamation. There
is a 3% chance that, as early as 2022, Lake Powell will fall to a level where Glen
Canyon Dam couldn’t produce power if the next winter is relatively dry, and a 34%
chance that power production could end in 2023. Photo courtesy Larkin Powell
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Reclamation announced the first
declared water shortage in the
Colorado River Basin on Aug. 16.
Arizona, Nevada and Mexico will
receive less water in 2022, with
Arizona farmers seeing the biggest
cut in water deliveries. The state will
receive 18% less than its usual share
of river water. Central Arizona farmers
in Pinal County will see major cuts of
more than 60% to water deliveries in
2022 and may not receive any water
in 2023, per AZCentral. Nevada will
lose 7% in 2022, while Mexico will get
about 5% less.

Outlook for the
Colorado River Basin
The Bureau of Reclamation
released updated projections for the
Colorado River Basin. By 2025,
there’s a 66% chance Lake Mead will
fall low enough to trigger a second
phase of water cuts, per The
Associated Press. California is the
state with the most senior water
rights to Colorado River water.
There is a 3% chance that, as
early as 2022, Lake Powell will fall to a
level where Glen Canyon Dam couldn’t
produce power if the next winter is
relatively dry, and a 34% chance that
power production could end in 2023.
Lakes Mead and Powell have a
combined water storage of 39% of
capacity, compared to 49% at this
time in 2020, according to the
Bureau of Reclamation. The seven
states in the Colorado River Basin
agreed to guidelines for the river and
a drought plan in 2019, which will
both expire in 2026.

Resources Control Board, only 26, or
7%, met or exceeded the target.
Water conservation was
important as the past two winters
have been relatively dry, so
reservoirs were no longer brimming.
Instead they are in need of abundant
snow in the Sierra Nevada this
winter, requiring 140% of average
precipitation to provide average
runoff. With a La Niña pattern
expected to develop, a drier winter is
likely in southern California and the
southern U.S.
If snowpack is less than desired
and runoff again is below normal,
2022 will be difficult for the Golden
State’s water supplies. State water

allocations for those south of the Delta
could be zero next year, although it
was only 5% this year. Even settlement
contractors, whose water rights
predate California’s water system,
could receive less water in 2022. The
State Water Project provides water for
27 million Californians and 750,000
acres of farmland.

Reduced energy
production in
California
In addition to tight water
supplies, electricity production was

California (130), Minnesota (54) and Utah (49) recorded the most 2021 third
quarter impacts in the National Drought Mitigation Center’s Drought Impact
Reporter.

California’s tight water
supplies
Water supplies were tightening
in California after a summer of
drought, intense heat and wildfires.
Californians were asked in July by
Gov. Gavin Newsom to curb water
use by 15%, and the results of
people’s efforts were revealed to be
water savings of 1.8% compared to
the previous July, as reported by The
San Jose Mercury News. Of 376
cities and water districts reporting
water statistics to the State Water
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The National Drought Mitigation Center’s Drought Impact Reporter recorded 440
impacts in the third quarter of 2021. The most reports were about water supply
and quality (23.6%), followed by drought-related relief, response and restrictions
(21.6%).
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low in California due to extreme
heat, an active wildfire season,
strong winds and various grid
issues. The state needed to come
up with additional power as
hydropower production was reduced
due to drought.
Power generation at Lake
Shasta was about 30% less than
usual during the summer, according
to a team leader for the Bureau of
Reclamation's operations, per
Reuters. The dam usually generates
about 710 megawatts (MW) during
the summer, but in July was making
only 500 MW.
The power plant at Lake Oroville
stopped generating electricity on
Aug. 5 as the lake reached a new
low at 24% of capacity, as reported
by The San Jose Mercury News. The
Edward Hyatt power plant is one of
the largest hydroelectric plants in
the state and can provide roughly
1% of the state’s peak electricity
demand.
With power supplies being tight
in California, fossil fuels were to be
used as needed to keep the state
powered to avoid rolling blackouts,
according to Reuters. The Golden
State could have had a shortfall of
up to 3,500 MWs during peak
demand hours in the latter part of
August and into September if
heatwaves continued to affect the
region. Gov. Gavin Newsom
approved industrial energy users to
operate on diesel generators and
engines.
At the end of September, four
temporary mobile emergency power
generating units totaling 120 MWs

were online in case they were
needed to support California's
energy grid in times of extreme
stress, per California Department of
Water Resources.

Wildfires
Drought and extreme heat
contributed to the challenge of
fighting wildfires in the West this
summer. As August began, 80-some
wildfires flared in the Northwest,
largely in western Montana and
northern Idaho. The U.S. Forest
Service announced its intention in
August to fight wildfires more
aggressively to protect towns and
infrastructure in the West as drought
conditions made blazes harder to
control, as reported by The Wall
Street Journal. The large wildfire
count in the U.S. exceeded 100
blazes for a while in August.
California saw plenty of wildfires
in August exhibiting extreme and
new fire behavior never witnessed
before this year. Three massive
wildfires—Dixie, Monument, and
Caldor—were climbing the chart of
the Top 20 Largest California
Wildfires kept by Cal Fire. While the
size of the Dixie and Caldor fires
was certainly significant, their
behavior was especially noteworthy.
Both the Dixie Fire and the Caldor
Fire burned from one side of the
Sierra to the other within weeks of
each other, per The Los Angeles
Times. Fire officials blame drought
and climate change for the unheardof fire behavior.

Fire activity has been unusually
high in the Northwest this year.
More than 1 million acres had
burned in wildfires in Washington
and Oregon through Aug. 15,
compared with about 52,500 acres
by the same time in 2020, according
to the Northwest Interagency
Coordination Center and reported by
KING-TV NBC 5 in Seattle. Drought
allowed the fire season to get a
head start this year.

Cherished trout streams
threatened by drought
Drought and heat have reduced
trout streams in the U.S. West to
slower, warmer ribbons of water
than usual. Yellowstone National
Park, Montana and Colorado
imposed fishing restrictions to limit
stress on the fish during the hotter
times of day, but Idaho and
Wyoming did not, per Associated
Press News. ❍

DROUGHT
IMPACT
REPORTER
To view all impacts, and
reports, please visit:
droughtreporter.unl.edu

NDMC ON THE WEB

Follow us on Twitter:

Find us on Facebook:

Subscribe to Dry Horizons:

Tune in with us on YouTube:

@DroughtCenter

@DroughtCenter

go.unl.edu/ndmc-dry

go.unl.edu/droughtflix
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Drought Center creates tool that could help detect
emerging impacts by tracking news
By Cory Matteson
NDMC Communications Specialist
hen drought develops
somewhere across the
country, news reports often
chronicle its effects on that area.
These reports can be vital resources
in trying to understand the impact of
drought in the U.S., said National
Drought Mitigation Center assistant
director Kelly Helm Smith. The
Drought Center has developed a
mostly automated news search
process for drought impacts, and is
mapping and quantifying the results.
The experimental Media Drought
Index (MDI), now available to the
public, may help detect emerging
impacts, said Smith, who led its
development.
“People talk about the news as
the rough draft of history,” said Smith,
a former newspaper reporter. “So, this
is why we use news to collect drought
impacts. It has been the one source of
drought impact information that is the
most systematically curated over time
since the Drought Center opened its
doors in 1995. In 2005, we started
adding them, by hand, to the Drought

W

Impact Reporter. Now we have the
Media Drought Index.”
Both the Media Drought Index
and the Drought Impact Reporter are
part of the Drought Impacts Toolkit
(droughtimpacts.unl.edu), which has
been developed with support from
the U.S. Department of Agriculture
and the National Integrated Drought
Information System, and is included
in the U.S. Climate Resilience Toolkit.
Smith said that the MDI was
created to help researchers,
climatologists and the public in their
efforts to track drought impacts and
to see where drought-related news
is being published at higher or lower
rates than normal, based on 10
years of data collected via the
Meltwater media tracking database.
States each receive an MDI score
that quantifies how many more
news reports a state is generating
than normal for that state and time
of year. The map of state MDI levels
is updated each Monday. As
expected, states in red, signifying
high levels of drought-related news,
also tend to be experiencing
prolonged or intense drought.
Below the map are time series
charts, showing the MDI and a

statistical summary of the U.S.
Drought Monitor over time, providing
a comparison of attention to
drought and drought conditions.
In addition to quantifying news,
the MDI dashboard lets users read
it. Linked news reports dot the map
according to where they were
published.
“It's a resource that can be
helpful if you're thinking, ‘Oh, I
wonder what's happening in this
place,’” Smith said. “It's a map-based
way to find the news, which is kind
of interesting for place-to-place
comparisons.”
Already, state climatologists
have used the MDI to monitor
impacts and provide relevant
information about drought conditions
to U.S. Drought Monitor authors, who
consider on-the-ground reports as
they create the weekly snapshot of
drought across the country and its
territories. The MDI is also a step
toward a creating a spatially
continuous layer of drought impact
data that is comparable to climate
data, Smith said.
The Media Drought Index is now
publicly available at go.unl.edu/
droughtnews. ❍

The Media Drought Index was created to help researchers, climatologists and the public in their efforts to track drought
impacts and to see where drought-related news is being published at higher or lower rates than normal.
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Drought Center, USDA expand existing partnership with
latest one-year cooperative agreement
NDMC Communications
ince the National Drought
Mitigation Center’s founding in
1995, the U.S. Department of
Agriculture has been one of the
center’s main supporters and
collaborators. At the end of 2020, the
Drought Center and USDA launched
a three-year, $2.4 million cooperative
agreement. It will support the NDMC
as it continues to help produce and
enhance the U.S. Drought Monitor,
the weekly snapshot of drought that
NDMC, USDA and National Oceanic
and Atmospheric Administration
scientists work together to create.
This fall, the NDMC agreed to an
additional one-year, $1.275 million
cooperative agreement with the
USDA’s Office of the Chief
Economist (OCE) that will address
drought monitoring and much more
through a series of projects. NDMC
director Mark Svoboda lauded the
effort between the center and the
OCE as a means of continuing to
grow the NDMC’s support and
services to not only the OCE, but
many other agencies within USDA as
well.
NDMC climatologist Brian Fuchs
said that the agreements include
projects proposed by the NDMC
staff that not only address key
issues in the realm of physical
sciences, but also examine social
and economic facets of drought as
well. Several of the projects also
focus on making drought science
more accessible to underserved
populations, Fuchs said.
“I like that these projects show
that we are spreading our wings a
little bit in some new areas of
drought-related research and
resource development,” Fuchs said.
“These are areas where we have
expertise too. We are working on
projects that involve physical
sciences but also social sciences
and economics. At the core of each
of these projects is an effort to
enhance or develop new ways to
relay key information about drought
to people who need it. Droughts are

S
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billion-dollar disasters that can
affect the livelihoods of anyone who
lives in an area that is experiencing
one, as we are seeing both in the
Western U.S. and Northern Plains
this year. ”
Seventeen total projects were
proposed for 2021-22 and will build
upon past efforts with USDA and the
USDA Climate Hubs. They include:
Enhanced drought monitoring
and resilience targeted to
agricultural producers. Based on
recent requests from agricultural
producers, the NDMC is developing
an agricultural drought section for
the U.S. Drought Monitor website
(droughtmonitor.unl.edu) to help
direct decision-makers to resources
that can help them prepare for
drought, better manage their land
during drought and find out if they
qualify for USDA resources that help
producers recover from drought. The
project is an extension of several
recent efforts that the NDMC has led
to help ag producers, like the
Managing Drought on the Ranch
Toolkit.
Enhancing composite drought
indices to better detect drought
across seasonal timeframes and
regional zones. Composite blend
tools are resources that factor in
combinations of differently weighted
drought indices on short- and longterm timescales to help people
better be aware of potential

immediate issues, like wildfire
concerns or range and pasture
dryness, or drought-related impacts
that could go on for months or years,
like low reservoir or groundwater
levels. The long-term and short-term
objective blends are experimental
tools, and NDMC’s team of
climatologists continues to explore
how combinations of different
drought indices most accurately
prepare people for future events, and
how indices like precipitation totals,
soil moisture, streamflow and more
should be weighted differently in
different regions of the U.S. to best
detect early warning signs of
drought.
Exploring the economics of
groundwater management, and how
that influences the price and
availability of water during drought
events. In tandem with the
Daugherty Water for Food Global
Institute at the University of
Nebraska-Lincoln and the University
of Nebraska-Lincoln Department of
Agricultural Economics, the NDMC
team is examining water markets in
Nebraska and elsewhere to learn
how droughts do and don’t influence
the price of water. Research has
already been published as part of
this project, but there is much more
to come after additional, sizeable
datasets are analyzed by the team.
Enhancement and expansion of
the Visual Drought Atlas. The VDA,

“We are working on projects that involve physical
sciences but also social sciences and economics. At
the core of each of these projects is an effort to
enhance or develop new ways to relay key
information about drought to people who need it.
Droughts are billion-dollar disasters that can affect
the livelihoods of anyone who lives in an area that
is experiencing one, as we are seeing both in the
Western U.S. and Northern Plains this year.”
– Brian Fuchs, associate geoscientist and NDMC Monitoring coordinator
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which currently collects and
presents landscape photos
submitted by citizen scientists and
others across the U.S. and its
territories, will incorporate more
photo databases into its production.
That could include troves of historic
USDA images and even data from
phenocams, which capture timelapse images of foliage.

Continue work on drought
resilience in underserved areas. The
one-year agreement includes
projects that will refine drought
metrics and indicators in Alaska, as
well as examine drought impacts on
agriculture there. A Hawaiian
drought workshop that was delayed
due to the coronavirus has been
tentatively rescheduled, and will

bring together officials from Hawaii
and the U.S.-affiliated Pacific Islands
with U.S. Drought Monitor authors to
share information about how
drought affects the island state and
territories, and how to continue to
improve drought monitoring there. ❍

Since the National Drought Mitigation Center’s founding in 1995, the U.S. Department of Agriculture has been one of the
center’s main supporters and collaborators. The NDMC and USDA recently entered into a cooperative agreement that will
provide support for numerous projects, including enhanced drought monitoring and resilience targeted to agricultural
producers. Photos by USDA National Resources Conservation Services, Montana
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Drought makes its home on the range
By Sofie Bates
Courtesy, NASA's Earth Science
News Team
s Tracy Schohr goes about
her day, water is always on
her mind. She’s thinking of it
as she rides an all-terrain vehicle
around the pasture, looks up hay
prices and weather forecasts, and
collects data on grazing and
invasive weeds for a scientific study.
Schohr is a rancher and farmer
in Gridley, California, where her
family has raised beef cattle and
grown rice for six generations. She
also aids in scientific research to
study drought and other agricultural
issues with the University of
California Cooperative Extension.
Drought—a year with a below
average water supply—is a natural
part of the climate cycle, but as
Earth’s atmosphere continues to
warm due to climate change,
droughts are becoming more
frequent, severe and pervasive. The
past 20 years have been some of the
driest conditions in the American
west on record. Right now, the
western United States—including the
part of California home to Schohr’s
ranch—is experiencing extreme or
exceptional drought that will likely
have long-term impacts on the land
and the people who depend on it.
This year not enough
precipitation, also known as a
meteorological drought, threatened
to kill the grass on Schohr’s ranch.
Keeping vegetation alive is one of
the main parts of her job. “We’re
cattle producers, but we’re really
grass farmers,” she remarked in
June. “If you mismanage your grass
then your cattle won’t survive.”

A

We’re not just interested in our
backyard; we’re interested in what’s
happening regionally and globally.”
Drought is a complicated
problem that requires innovative
research and lots of data. From the
vantage point of space, Earthobserving satellites from NASA and
its partners collect data on various
signs of drought, such as lack of
precipitation (GPM) and snowpack
(Landsat, Terra and Aqua), low
water levels in reservoirs and
streams (Jason-3) or dry soils
(SMAP) and depleted groundwater
(GRACE-FO). Then scientists at
NASA and other institutions use this
data to see historical trends,
understand the current state of
drought, and make projections for
the future.
NASA’s upcoming Earth System
Observatory, together with other
planned NASA missions that are
part of NASA’s “program of record”
will continue many of these
observations in the future to provide
key information that will guide
decision-makers confronting

challenges posed by climate
change, such as drought.
Much of this data is
incorporated into drought maps and
global groundwater maps produced
and distributed by the National
Drought Mitigation Center at the
University of Nebraska-Lincoln.
“What we’re able to do is bring in all
of this data and use the best
attributes of those tools,” said Brian
Fuchs, a climatologist at the
National Drought Mitigation Center.
Frequent satellite observations
allow Fuchs and his colleagues to
track rapidly changing drought
conditions. The satellites’ view from
space also provides routine,
country-wide and world-wide
snapshots of drought that can be
accessed by local water managers.
“We’re not experts in every part
of the country, but we have people
on the ground who know their
backyards better than we do,” said
Fuchs.
Schohr is one of those people.
She uses the U.S. Drought Monitor
maps, which provide a weekly

Signs of Drought from
Space
“NASA is well-positioned to
assess droughts because we have
Earth observing satellites that
provide frequent observations,” said
John Bolten, associate program
manager of water resources for the
NASA Applied Sciences Program.
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The Ranch Drought Monitoring Dashboard, available on the National Drought
Mitigation Center website, aims to provide information that will help ranchers reduce
risk ahead of time, NDMC rural sociologist Tonya Haigh said. Photo by Brent Woods,
District Conservationist, Natural Resources Conservation Service, Parkston, S.D.
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assessment of drought conditions,
to check the state of drought around
the country and look at trends to
help her make better decisions for
the future. She is also one of the
many ranchers across the country
who sends updates and photos to
the scientists at Drought Monitor to
help refine their maps.
“That boots on the ground
validation really helps us get a good
local perspective on what the
challenges are,” said Fuchs.

A Snapshot of Drought
on the Ranch
Every year in early November,
Schohr and her family load their
cows into cattle trailers and drive
them to annual grasslands about 35
miles away. While there, the herd
rotates through several pastures,
searching for grass and water. This
protects the land from overgrazing,
ensuring that the cows have enough
to eat and that healthy grasses will
regrow in time for the next. “We
have to have grass to grow grass,”
Schohr explains. “And what’s best
for the land is also what’s best for
our cattle operation.”
With little rain last fall, the
Schohrs opted to keep the cattle at
their home ranch where the family
could easily check on them. Schohr
brought hay out to the pasture and
checked the water levels in the
naturally occurring streams and
ponds every few days. She also
gave the cows tubs of nutritional
supplements, which she says is like
a combination multivitamin and
protein shake that’s sweetened with
molasses.
The Schohrs eventually moved
their herd to the annual grasslands
in mid-December. The cattle grazed
in several pastures last winter,
including a purple needle grass
restoration site that is part of a
research project to restore native
species. The cows munch on
invasive and non-native grasses,
weeding out the competition for the
native California purple needle grass
that will grow in the spring.
As the cows mow down grass,
Schohr is also checking that they
have access to enough water. Cows
need to drink between eight and 15

Fall | 2021

Much of the Gravity Recovery and Climate Experiment Follow-On (GRACE-FO)
mission data is incorporated into drought maps and global groundwater maps
produced and distributed by the National Drought Mitigation Center at the
University of Nebraska-Lincoln. “What we’re able to do is bring in all of this data
and use the best attributes of those tools,” said Brian Fuchs, a climatologist at the
National Drought Mitigation Center.

gallons of water per day. The annual
grasslands don’t have much natural
drinking water—especially this year,
as reservoirs are depleted and
streamflow is abnormally low,
conditions signifying a hydrological
drought, which California is currently
experiencing. In winter, Schohr relies
on solar-powered wells to keep her
cattle hydrated. In the spring, she
moves the cows to a pasture with
seasonal ponds that are home to
many California plant species and
provide the cows with natural
drinking water.
Later in the season, the cows
move to a field filled with oak trees.
The trees provide shade to keep the
cattle cool as spring turns to
summer, and the cattle mow down
the grass so there’s less kindling in
the form of dry grass come fire
season.
The herd will usually stay on
these annual grasslands until midJune, but this year Schohr brought
the cattle home in mid-May.
California was not only dealing with
low reservoirs and streams, but also
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low soil moisture, called agricultural
drought, that causes plants—
including that all important grass—
to die. As green vegetation started
to turn into swaths of brown, Schohr
irrigated the pasture on her home
ranch on April 1 to keep the grass
alive so that the cows would have
food to eat when they returned.
However, the natural food
supply will only last so long. The
current outlook suggests California
will be in a severe drought at least
through the fall, so Schohr is selling
calves and stocking her barn with
hay, corn and soybean stock in
preparation.

Generations of Change
The challenges of drought that
Schohr faces today are the same
ones her grandfather dealt with.
However, she says it’s easier to
make better decisions and prepare
for the future with the scientific data
that’s available from sources like the
U.S. Drought Monitor.
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“We know the world we’re
working in, whereas before—for my
grandpa—he just knew the
community he worked in,” Schohr
said.
The Schohr family had to make
a lot of tough decisions during the
1980s farm crisis, when farmers’
debt soared due to an economic
recession, and the intense California
drought in the 1990s. At one point,
the family sold all the cows to
instead focus on growing rice. After
that, Schohr recalls her grandfather
was always the first one there when
a new calf was born or a cow was
sick.
Her grandfather has since
passed away, but Schohr
remembers the lessons he taught
her. She recalls riding on an ATV
with him to check the water level in
the troughs during a drought,
listening to him talk about water
management and seeing the sense
of peace that came over him from
watching the cattle grazing. “He
loved the cows just like I do,” she
said. “He believed that if he took
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care of the land, it would take care
of him too.”

Humans’ Fingerprint on
the Future of Drought
Climate science tells us that the
world will be warmer and droughts are
likely to be more frequent in the
future. In addition, climate science
models provide a better sense of
what the future may hold, helping
farmers, ranchers and water
managers to make better decisions in
preparation. However, it’s impossible
to pinpoint exactly when and where
droughts will occur in the future or
predict how severe their impacts will
be. But we do know that in certain
regions, the fingerprint of human
influence on drought is already visible.
“Human activities emit carbon
dioxide and other greenhouse gases
that warm the planet. A warmer
planet is a thirstier planet, because
warmer air drives more evaporation
of water vapor from the surface,”
explains Kate Marvel, a research
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scientist at NASA GISS. As the
climate changes on Earth, some
places will become drier—and thus
more prone to drought—while others
become wetter and thus more
susceptible to flooding.
If we continue emitting
greenhouse gases, this trend is
likely to continue. NASA’s climate
models and others show that—
under high emission scenarios—
droughts could become much worse
across the U.S. and globally.
Drought-prone areas could enter
persistent megadroughts,
precipitation patterns and snowmelt
could change drastically, the risk of
dry soils could increase in many
areas and some places could see
more frequent and severe wildfires.
“The worst-case scenarios don’t
have to come true. It’s not a
prediction,” Marvel said. To prevent
those worst-case scenarios from
happening, greenhouse gas
emissions will need to be reduced,
she said. “That’s the main
determinant of drought risk in the
future.” ❍
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Meet NDMC’s newest staff member, Maddie Goebel
By Cory Matteson
NDMC Communications Specialist
hile drought is a
climatological
phenomenon, its broad
effects require study beyond the
climatology sphere. The National
Drought Mitigation Center staff
features numerous climatologists
but also researchers who examine
drought from social science
perspectives. Recently, the NDMC
added a staff member to its social
sciences team. Maddie Goebel is
the NDMC’s new social science
research assistant, and she is
already working alongside social
science coordinator Dr. Tonya Haigh
on projects that explore how people
who work in agricultural industries
are affected by drought, and how
planning ahead for droughts can
ease some of the stress when they
are faced with a drought. Goebel
comes to the NDMC after earning
her M.S. in Natural Resources at the
University of Idaho. While getting her
masters, she worked with the Idaho
Water Resources Research Institute,
and researched risk and behavior in
Idaho's Coeur d'Alene Basin.
“Maddie brings really useful
social science skills and
experiences to the NDMC,” Haigh
said. “It’s exciting to expand our
capacity for understanding the
drought management challenges of
farmers, ranchers, and other
decision-makers in order to provide
the most useable information and
resources we can.”
In her first weeks at the NDMC,
Goebel has helped conduct a presurvey of U.S. Drought Monitor
Forum participants to help
determine what subjects they hoped
would be discussed. She and Haigh
are also working with partners at
several of the USDA (United States
Department of Agriculture) Climate
Hubs to survey users of the GrassCast forage productivity tool. The
tool is designed to help ranchers
forecast forage productivity in the
upcoming growing season using
below-normal, near-normal, and
above-normal precipitation
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scenarios, based on nearly 40 years
of data. While drought mitigation is
a new subject for Goebel, risk
communication is not, and she said
she is looking forward to having
conversations with people who do
or could use resources like GrassCast to learn how it has worked for
them, or what would encourage
them to use it.
“The reason I like social science
is that we can have these amazing
tools like the Drought Monitor and
Grass-Cast, but you also have to
understand the people that are
going to use those tools,” Goebel
said.
At the NDMC, Goebel will be
talking directly with ag producers
about how they prepare for and
react to drought. She said she is
looking forward to conducting field
interviews, in part for selfish
reasons. She’s a horseback rider
who doesn’t have any horse
connections in Nebraska, yet.
Get to know Maddie Goebel with
this Q&A (continued on page 15).

Q) What drew you to
the NDMC?
A) I was really interested in the
opportunity to learn more about
drought and work with agricultural
producers to understand how they’re
learning to cope with drought. I’m
also originally from Ohio so I
thought it might be fun to return to
the Midwest. (Dare I say I missed
the corn fields?)

Q) What aspect of
working in an
educational setting do
you enjoy the most?
A) I appreciate the opportunity
to work alongside students and
professionals who are passionate
about increasing our collective
knowledge on a variety of topics.

Maddie Goebel is the NDMC’s new social science research assistant, and she is
already working alongside social science coordinator Dr. Tonya Haigh on projects
that explore how people who work in agricultural industries are affected by
drought, and how planning ahead for droughts can ease some of the stress when
they are faced with a drought.
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Q) What do you
consider your greatest
achievement?

Q) What is something
that most people don’t
know about you?

A) I’m going to cheat and say
two achievements. First, surviving
graduate school during a global
pandemic was incredibly validating.
Graduate school is already
challenging, but to have to adapt my
thesis project at the last minute
because of COVID-19 was especially
trying. Second, I learned how to
snowboard last year while living in
Idaho and it’s the coolest activity I’ve
learned to do as an adult.

A) One of my earliest memories
is my uncle “jokingly” threatening to
throw my Beanie Babies out the
window of a ski lift in Telluride,
Colorado. We’ve since reconciled. I
also lived in the same dorm building
that Jeffrey Dahmer stayed in during
his time at Ohio State.

Q) What is your life
like outside of work?
A) Before moving to Lincoln, I
spent a lot of time in the mountains,
on rivers, and riding my horse at my
parents’ farm. Since moving to
Lincoln, I’ve been getting back into
running and hope to join the local
climbing gym soon. I love trying out
new breweries and coffee shops. I
also spend a lot of time with my cat,
Betty. This winter I’m looking
forward to hitting the slopes in
Colorado as much as possible. ❍

Join NDMC staff, others online for Arizona drought
monitoring, reporting workshop
n Dec. 2, the Southwest
Drought Learning Network is
hosting an online workshop
focused on drought issues in
Arizona titled, “Building a network
for drought monitoring in Arizona.”
The organizers are looking to
encourage more people to record
observations of drought conditions
across the state.
The Arizona Drought Monitoring
Technical Committee seeks to
engage community members,
researchers, natural resource
professionals, metals and mining
professionals, recreation and
tourism professionals and
agriculture professionals to build a
network of stakeholders that will
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share information about drought
impacts in Arizona.
This information helps the State
of Arizona in drought monitoring
and planning efforts in support of
Arizona’s Drought Declaration
(Executive Order 2007-10).
Additionally, the Arizona Drought
Monitoring Technical Committee
shares drought impacts with the
authors of the U.S. Drought Monitor,
helping to provide a clearer
perspective of how different levels
of drought affect the various sectors
that depend on Arizona’s natural
resources. Currently, the Arizona
Drought Monitoring Technical
Committee needs more
representatives from all sectors to
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share their observations of drought.
Those interested in drought
monitoring can attend a virtual
workshop to learn about and
discuss ways to evaluate, measure,
and report drought and current and
projected conditions in Arizona
through winter 2022.
Presenters from the Arizona
Department of Water Resources
Drought and Conservation Program,
USDA Southwest Climate Hub,
National Weather Service, Arizona
State Climate Office, National
Drought Mitigation Center and
elsewhere will give presentations.
To learn more about the event, and
to register, click this link. ❍
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