FOCUS AREA

BENCHMARKING OUR UNDERSTANDING
AND ASSESSMENT OF DROUGHT IN A
CHANGING CLIMATE

Broadly, there is a need to benchmark our current under-
GL= ="M  standing of drought in a changing climate. This would allow
Fourth National for more targeted research to build on the current state of
Climate Assessment science. It would include defining the drought-to-aridification
continuum to help differentiate between drought, multi-
decadal drought, and aridification. There are also efforts
needed to improve drought assessment at a national level
based on current best practices internationally to account
for non-stationarity and increase national level coordination.
The impacts of non-stationarity are a concern that is much
broader than drought, and knowledge exchange across
il hazards and sectors could accelerate learning within and
Impacts, Risks, and Adaptation in the United States outside the drought community. To this end, improvements in
drought assessment will have co-benefits in situations where
. . drought is linked to other threats and hazards and where there
i:::;:;'::r?{)’:?;:'balscgmt; are cascading impacts to communities (e.g., wildfire, debris
Change Research Program flows, heatwaves/heat health, water quality). Interdisciplinary
collaborations that approach the issue of drought assessment
holistically, breaking down silos, will be key.

Priority Actions:

1. A National Academies (or similar) study is needed to benchmark our current understand-
ing of drought in a changing climate. This study could approach the broader topic of
drought and climate change. Key components of that study could focus on defining the
drought-to-aridification continuum with the goal of developing a conceptual framework
that can clearly differentiate between drought, multi-decadal drought, and aridification.

2. Convene an international learning exchange to share drought assessment methodologies
that account for non-stationarity and best practices in drought assessment.

3. The National Climate Assessment (NCA) summarizes the impacts of climate change on
the United States, now and in the future. Additional review and effort could help ensure
that the non-stationary context of drought is treated consistently in the NCA, either with
the addition of a chapter or through the regional chapters.

4. Drought is a hazard with economic impacts that match or exceed most other natural
hazards. Consider investments that offer comprehensive coordination across federal




agencies to help communities reduce the impacts of drought. This is akin to a National
Interagency Fire Center, the coordinating structure of Federal Emergency Management
Agency’s (FEMA) National Disaster Recovery Framework, or NOAA National Hurricane
Center, or amplified messaging akin to National Hurricane Preparedness Month.

Research Questions:

1.

What current methodologies used to assess drought at national or continental scales
account for non-stationarity and how well do they work? What best practices can be
shared to improve assessment globally?

How are other hazards addressing non-stationarity in assessments and monitoring
impacts? Are there best practices that can be applied to drought assessment?

How can collection and understanding of impact data be used to improve drought
assessment especially in terms of understanding the contribution of drought to cascading
hazards?




HIGHLIGHT: OBSERVATION AND MONITORING

The words observation and monitoring are sometimes used synonymously when applied to
drought assessment and diagnosis. However, these two terms have subtle, but meaningful,
differences. The word observation often describes the action or process of measuring or
recording something to collect data about it, such as a rainfall observation. The word monitor-
ing often describes observing the progress or impacts of the drought over time. These uses are
in line with the Merriam-Webster definition for observation: “an act of recognizing and noting a
fact or occurrence often involving measurement with instruments”, and for monitor: “to watch,
keep track of, or check usually for a special purpose”. For drought, we observe and monitor the
environment and the impacts of drought.

Environmental observations can be derived from many sources. In situ measurements are
gleaned from observation networks such as:
+ State mesonets

+ U.S. Geological Survey (USGS) Groundwater and Streamflow Information Program
(GWSIP)

+ Natural Resources Conservation Service (NRCS) Snow Survey (SNOTEL)
« Remote Automatic Weather Station (RAWS) networks
« Climate Reference Network (USCRN)

Observations are also collected through citizen science efforts, like:
+ NOAA's Cooperative Observer Program (COOP)

« Community Collaborative Rain, Hail and Snow Network (CoCoRHaS)
* Local Environmental Observer Network (LEO)
Remotely sensed data are taken from radar and satellite products. A few of these include:
+ Moderate Resolution Imaging Spectroradiometer (MODIS), Gravity Recovery and Climate

Experiment (GRACE), Integrated Multi-satellitE Retrievals for GPM (IMERG), and Soil
Moisture Active Passive (SMAP) from NASA

+ Normalized Difference Vegetation Index (NDVI) and the Evaporative Stress Index (ESI)
from the Geostationary Operational Environmental Satellite (GOES) ET and Drought
(GET-D) product system from the NOAA National Environmental Satellite Data and
Information Service (NESDIS) Center for Satellite Applications and Research (STAR)

« Crop Condition and Soil Moisture Analytics Tool (Crop-CASMA) from USDA
+ Products from various other data providers.

Satellite and radar observations are also used to support modeled analyses, such as from
NASA Short-term Prediction and Transition Center — Land Information System (SPoRT-LIS),
which assimilates these remotely sensed data to produce soil moisture analysis.

In addition to measuring environmental changes, these data (in situ and remote-sensed) can
support the inference of drought impacts. Satellite products can remotely observe vegetation



https://www.usgs.gov/programs/groundwater-and-streamflow-information-program
https://www.nrcs.usda.gov/wps/portal/wcc/home/quicklinks/imap#version=167&elements=&networks=!&states=!&counties=!&hucs=&minElevation=&maxElevation=&elementSelectType=any&activeOnly=true&activeForecastPointsOnly=false&hucLabels=false&hucIdLabels=false&hucParameterLabels=true&stationLabels=&overlays=&hucOverlays=2&basinOpacity=75&basinNoDataOpacity=25&basemapOpacity=100&maskOpacity=0&mode=data&openSections=dataElement,parameter,date,basin,options,elements,location,networks&controlsOpen=true&popup=&popupMulti=&popupBasin=&base=esriNgwm&displayType=station&basinType=6&dataElement=WTEQ&depth=-8&parameter=PCTMED&frequency=DAILY&duration=I&customDuration=&dayPart=E&year=2023&month=5&day=31&monthPart=E&forecastPubMonth=5&forecastPubDay=1&forecastExceedance=50&useMixedPast=true&seqColor=1&divColor=7&scaleType=D&scaleMin=&scaleMax=&referencePeriodType=POR&referenceBegin=1991&referenceEnd=2020&minimumYears=20&hucAssociations=true&lat=40.00&lon=-99.00&zoom=4.0
https://www.nifc.gov/about-us/what-is-nifc/remote-automatic-weather-stations
https://www.ncei.noaa.gov/access/crn/
https://www.weather.gov/coop/overview
https://www.cocorahs.org/
https://www.leonetwork.org/en/#lat=63.53631525088391&lng=-161.75720214843753&zoom=7&showing=EDB0A238-E1EE-4602-815F-B90F69CE40B9
https://modis.gsfc.nasa.gov/about/
https://www.drought.gov/data-maps-tools/nasa-global-precipitation-measurement-gpm-imerg
https://www.star.nesdis.noaa.gov/mapper/#zoom=4/date=2022Jul22/lat=38.7388/lon=-31.9044/tcon=false/granon=false/bordon=true/view=asc/l1on=true/satval1=SNPP/sensval1=Land/prodval1=ndvitoa/levval1=null/op1=1/l2on=false/satval2=SNPP/sensval2=Land/prodval2=frpi/levval2=null/op2=1/l3on=false/satval3=SNPP/sensval3=Land/prodval3=frpi/levval3=null/op3=1
https://www.drought.gov/data-maps-tools/evaporative-stress-index-esi
https://www.drought.gov/data-maps-tools/crop-condition-and-soil-moisture-analytics-tool-crop-casma
https://www.drought.gov/data-maps-tools?data_coverage=All&file_format=All&data_type=32&dews_region=All
https://www.drought.gov/data-maps-tools/nasa-sport-lis-soil-moisture-products
https://www.star.nesdis.noaa.gov/smcd/emb/droughtMon/about_ESI.php
https://www.star.nesdis.noaa.gov/smcd/emb/droughtMon/index.php

CONTINUED

health, which can indicate drought stress. Hydrologic measurements can indicate available soil
moisture and reservoir storage which can also imply drought stress when these are low. Some
of these inferences can be verified using volunteer impact reports such as from the Condition
Monitoring Observer Reports (CMOR) system, as well as some of the previously mentioned
citizen science programs. These conditions reports provide valuable intelligence on drought
impacts and local conditions as a drought develops, worsens, or improves.

Despite the wealth of observation and monitoring, wide gaps remain. Spatial and temporal
gaps exist in all surface observation networks. Satellite-derived data can have coarse spatial
resolution, data latency, or verification/ground truthing challenges. Impact reports rely on
willing volunteers to submit their reports, and many socioeconomic impacts are not reported.
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CoCoRaHS rain gauge before a storm. Photo by A mesonet station from the Montana Mesonet on the Confederated
Henry Reges/CoCoRaHS HQ Salish and Kootenai Tribes Bison Range. Photo by Britt Parker



https://droughtimpacts.unl.edu/Tools/ConditionMonitoringObservations.aspx

	Cover
	Drought Assessment in a Changing Climate: Priority Actions and Research Needs

	Authors and Affiliates
	Table of Contents
	Acknowledgements
	Workshop Participants
	Foreword
	Executive Summary
	Introduction
	State of the Science
	Focus Areas for Future Investment to Address Identified Gaps
	Learning with Indigenous Communities
	Benchmarking Our Understanding and Assessment of Drought in a Changing Climate
	Highlight: Observation and Monitoring
	Ensuring Equity in Drought Monitoring and Assessment
	Evaluating Data Relevance, Fidelity, Integration, Metadata and New Technologies
	Determining the Physical Drivers of Drought and How They Are Changing
	Understanding Drivers of Aridification and Their Interactions with Drought
	Addressing Regional Difference in Non-stationarity
	Improving Drought Indicator Performance
	Highlight: Flash Drought

	Using Precipitation Effectiveness More Broadly to Capture Rainfall Variability
	Quantifying Water Demand in a Changing Climate
	Evaluating Drought Impacts and How They Are Changing
	Assessing Drought in Terms of Risk
	Highlight: Impact-based Monitoring of Drought and Its Cascading Hazards
	Assessing Policy through the Lens of Non-stationarity
	Strengthening Planning, Management, and Adaptation
	Improving Communication and Collaborative Knowledge Exchange

	Conclusion
	Citations
	Appendix 1: Definitions of Drought
	Appendix 2: Linkages to NOAA and USDA Strategies
	Appendix 3: Literature Review (Excerpt)
	Appendix 4: Assessing Drought in a Changing Climate: State of the Science Webinar Agenda
	Appendix 5: Assessing Drought in a Changing Climate Technical Workshop Agenda



Accessibility Report



		Filename: 

		NIDIS_DroughtAssmt2023_508C.pdf






		Report created by: 

		Lori Fulton


		Organization: 

		





 [Personal and organization information from the Preferences > Identity dialog.]


Summary


The checker found no problems in this document.



		Needs manual check: 2


		Passed manually: 0


		Failed manually: 0


		Skipped: 1


		Passed: 29


		Failed: 0





Detailed Report



		Document




		Rule Name		Status		Description


		Accessibility permission flag		Passed		Accessibility permission flag must be set


		Image-only PDF		Passed		Document is not image-only PDF


		Tagged PDF		Passed		Document is tagged PDF


		Logical Reading Order		Needs manual check		Document structure provides a logical reading order


		Primary language		Passed		Text language is specified


		Title		Passed		Document title is showing in title bar


		Bookmarks		Passed		Bookmarks are present in large documents


		Color contrast		Needs manual check		Document has appropriate color contrast


		Page Content




		Rule Name		Status		Description


		Tagged content		Passed		All page content is tagged


		Tagged annotations		Passed		All annotations are tagged


		Tab order		Passed		Tab order is consistent with structure order


		Character encoding		Passed		Reliable character encoding is provided


		Tagged multimedia		Passed		All multimedia objects are tagged


		Screen flicker		Passed		Page will not cause screen flicker


		Scripts		Passed		No inaccessible scripts


		Timed responses		Passed		Page does not require timed responses


		Navigation links		Passed		Navigation links are not repetitive


		Forms




		Rule Name		Status		Description


		Tagged form fields		Passed		All form fields are tagged


		Field descriptions		Passed		All form fields have description


		Alternate Text




		Rule Name		Status		Description


		Figures alternate text		Passed		Figures require alternate text


		Nested alternate text		Passed		Alternate text that will never be read


		Associated with content		Passed		Alternate text must be associated with some content


		Hides annotation		Passed		Alternate text should not hide annotation


		Other elements alternate text		Passed		Other elements that require alternate text


		Tables




		Rule Name		Status		Description


		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot


		TH and TD		Passed		TH and TD must be children of TR


		Headers		Passed		Tables should have headers


		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column


		Summary		Skipped		Tables must have a summary


		Lists




		Rule Name		Status		Description


		List items		Passed		LI must be a child of L


		Lbl and LBody		Passed		Lbl and LBody must be children of LI


		Headings




		Rule Name		Status		Description


		Appropriate nesting		Passed		Appropriate nesting







Back to Top


