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Part of the NOAA RISA Network

 Established in 1999 by CIRES
researchers at CU-Boulder and PSD

 Serves stakeholders in Colorado,
Wyoming and Utah

e 20+ researchers with expertise in
hydrology, climate modeling, social
sciences, ecology, policy, and social
sciences
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WWA'’s Working Principles

We conduct our projects following these principles:

1.
2.

Begin with the decision context

Prioritize use-inspired science (that is, science that is
responsive to and inspired by user needs for decision
making)

Follow the principles of co-production by directly
interacting with stakeholders; and

Work in interdisciplinary teams
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Overarching Five-Year Questions/
Research Themes

1. How does the region’s changing exposure to
climate affect the region’s adaptive capacity?

2. How can we leverage understanding of past
extremes and projected future extremes to
better inform societal decision making in a
changing climate?

3. How do we design organizations, institutions,
and information networks to build climate
resilience across a variety of contexts?
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Meeting Purpose

Inform you of our current research and products/
tools

Generate discussion about these
Networking and new relationships

Hear from our stakeholders and partners

— What has changed in your world since 2013

— What has worked recently to connect science and
decision-making (tools, organizations, methods, types
of engagement, etc.)
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WWA research on snowpack monitoring

Noah Molotch, Jeff Deems, Jeff Lukas, Ben Livneh,

Mark Raleigh, Dominik Schneider, Keith Jennings,
Leanne Lestak, John Berggren, Elizabeth McNie

2016 WWA Stakeholder Meeting
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Typical snowpack and runoff curves

Runoff
Snowpack

Winter Spring  Summer Fall

Graphic: adapted from J. Deems, after Peterson et al. (1997)
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Snow and weather patterns are
increasingly different from past years
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Snowpack monitoring and runoff forecasting
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Snowpack monitoring and runoff forecasting
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MODIS-based, real-time SWE product

Noah Molotch, Dominik Schneider, Leanne Lestak

Range/region-scale moderate-
resolution spatial snow product

Reconstruct historic SWE
distributions using MODIS snow
cover data and an energy balance
model

Interpolate real-time SNOTEL SWE
based on topography, historical SWE
reconstructions, and real-time MODIS
snow cover

Products: Reanalysis (2000-2015) and
Real-time daily SWE, at 500-m



http://wwa.colorado.edu

MODIS-based, real-time SWE product

Noah Molotch, Dominik Schneider, Leanne Lestak

* Reconstruct historic SWE
distributions using MODIS snow
cover data and an energy balance

model
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MODIS-based, real-time SWE product

Noah Molotch, Dominik Schneider, Leanne Lestak

R

Interpolate real-time SNOTEL SWE
based on topography, historical SWE
reconstructions, and real-time MODIS
snow cover
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MODIS-based, real-time SWE product

Noah Molotch, Dominik Schneider, Leanne Lestak

Range/region-scale moderate-
resolution spatial snow product

Reconstruct historic SWE
distributions using MODIS snow
cover data and an energy balance
model

Interpolate real-time SNOTEL SWE
based on topography, historical SWE
reconstructions, and real-time MODIS
snow cover

Products: Reanalysis (2000-2015) and
Real-time daily SWE, at 500-m
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MODIS-based, real-time SWE product

e Lower errorin
interpolated SWE
estimates

e Captures broader
range of snow
conditions

 (Can be generated
over large areas at
relatively low cost
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MODIS-based, real-time SWE product

California — Produced
operationally in near real-time
for CADWR and others since
2012

Wyoming — Produced
retrospectively for 2000—2012
to diagnose errors in water
supply forecasts

Colorado - Produced
retrospectively to evaluate
hydrologic impacts of bark
beetles and to evaluate
regional climate models
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NASA/JPL Airborne Snow Observatory (ASO)

Tom Painter (JPL, former WWA), Jeff Deems, and ASO Team

 Watershed-scale, super-high-
resolution spatial snow product
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NASA/JPL Airborne Snow Observatory (ASO)

Tom Painter (JPL, former WWA), Jeff Deems, and ASO Team

e Aircraft carries two sensors: LIDAR

(surface height/snow depth) and
spectrometer (albedo/dust)
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NASA/JPL Airborne Snow Observatory (ASO)

Tom Painter (JPL, former WWA), Jeff Deems, and ASO Team

 LIDAR height data is combined
with snow density model to

estimate SWE
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NASA/JPL Airborne Snow Observatory (ASO)

Tom Painter (JPL, former WWA), Jeff Deems, and ASO Team

* Main product: Near-real-time
SWE, at 50-m resolution



http://wwa.colorado.edu

NASA/JPL Airborne Snow Observatory (ASO)

Tom Painter (JPL, former WWA), Jeff Deems, and ASO Team

* Colorado — Rio Grande, Uncompahgre,
Grand Mesa, and East River basins

*  Wyoming — expansion to Wind River,
Wyoming, Sierra Madre, & Snowy
Ranges

e California — Tuolumne, Merced, Kings,
Lakes, Rush Creek, Lee Vining Creek
basins, Sagehen Experimental Forest;
expanding to Mokelumne and San
Joaquin

e Oregon — McKenzie & Deschutes Rivers

e Idaho — Reynolds Creek

* Washington — Olympic mountains
(OlympEX GPM satellite validation)
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Remotely Sensed Snowpack Data for Streamflow
Forecasting and Water System Management
Molotch, Deems, Livneh, Jennings, Raleigh, Lukas, Berggren

* Assessing the additional utility of
MODIS and ASO snowpack data in
the Uncompahgre and Rio Grande
basins

* Could MODIS & ASO data have
helped water managers better cope
with stressful drought and flood
periods since 20007?

* Water manager interviews
completed, modeling begun
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2015 WWA Snowpack Monitoring Workshops
Lukas, McNie, Bardsley, Molotch, Deems

 Three one-day workshops in Utah,
Wyoming, Colorado with 180
participants total

 Presentations from WWA, NIDIS,
CBRFC, NRCS Snow Survey, water
managers

e Discussions of how to improve

snowpack monitoring




NIDIS Intermountain West Drought Early
Warning System (IMW DEWS)

Alicia Marrs, NOAA/NIDIS October 24, 2016



What is the National Integrated Drought
Information System (NIDIS)?

* ANOAA program with an interagency
mandate.

* Provide a better understanding of how
and why droughts affect society, the
economy and the environment.

* Improve accessibility, dissemination and
use of early warning information for
drought risk management.

* Build off of a network of Regional
Drought Early Warning Systems ﬁDEWS)
to create a National Drought Early
Warning System.



Regional Drought Early Warning Systems
(DEWS)

Working with communities and existing
networks to build capacity for better decision
making for drought planning and mitigation. vontoring

Forecasts

Drought & risk assessments
Climate outlook forums Preparecness aomncatons
Education and outreach webinars R"“Eiiﬁczi‘,'vg:ﬁi‘:‘gght
Engaging the preparedness community System
Builds capacity to utilize existing products

Provide test beds for new products

Develop new/utilize existing networks Porta Communication



NIDIS Drought Early Warning Systems



UCRB/IMW DEWS Activities

* Monitoring & Prediction

COLORADO
QCLIMATE

CENTER

* Upper Colorado River Basin Drought Assessments
* Colorado Water Availability Task Force

* Western Water Assessment Intermountain West

Dashboard

* Innovative Research, Applications & Assessments
* Evaporative Demand Drought Index (EDDI)
* Water Resources Monitor & Outlook (WRMO)
» Testing the utility of highly-resolved spatial snow data

* Engaging Preparedness & Adaptation Communities

* WWA Snowpack Monitoring Workshops in CO, UT & WY
(2015)

* Colorado Drought Tournament (2012)



How did we get to the Intermountain West
DEWS?



What were the boundaries Upper Colorado
River Basin DEWS?

OR?



Intermountain West DEWS



IMW DEWS Strategic Plan

Roadmap for moving forward with
the IMW DEWS

|dentify existing and new drought-
related activities throughout the
region

Living document w/ 2-yr time
frame

Focus is on activities in the region
= Not limited to NIDIS funded/led
projects



IMW DEWS Strategic Plan

NIDIS and Western Water Assessment are leading development of
strategic plan in collaboration with the Colorado Climate Center,
CLIMAS, CWCB and other regional partners

NIDIS/NOAA funding opportunities

u RISAs, NOAA Regional Climate Centers and Cooperative Institutes
= SARP — Sectorial Application Research Program

= MAPP — Modeling, Analysis, Predictions and Projections

n Additional NIDIS investments within NOAA

Partner agency/organization initiatives (may or may not include NIDIS

funding)
= USDA Climate Hubs (Northern Plains & Southwest)
u DOI Climate Science Centers

- Bureau of Reclamation

- USGS

- NRCS






Contact Information

Alicia Marrs
Regional Drought Information Coordinator
NOAA/NIDIS
303-497-4624
alicia.marrs@noaa.gov



Advancing the use of Drought Early
Warning Systems in the Upper Colorado
River Basin

Lisa Dilling, Ben Livneh, Bill Travis, Jeff Lukas,
Rebecca Page (WWA)

Nolan Doesken (Colorado Climate Center, CSU)

Eric Kuhn (Colorado River District)

2016 WWA Stakeholder Meeting



Project objectives

Advance the NIDIS DEWS in our region and
strengthen drought risk management
practices on Colorado’s Western Slope by:

* Providing a clearer understanding of the
decision and risk management process for
water entities facing drought

* |dentifying barriers to introducing new
indicators into the drought management
process

e Evaluating how the usefulness of drought
indicators may be affected by climate
change



Colorado River District
Protecting Western Colorado Water Since 1937

Project activities

Work with several Western Slope water
entities (Colorado River District, Eagle River
W&SD, Upper Gunnison River WCD, Upper
Yampa WCD, and others)

Interview key staff; observe meetings; review
drought response and planning documents;
and hold small-group discussions

Run hydrologic models to assess whether
snowpack and other drought indicators will
continue to provide useful information in a
changing climate

Workshop in 2018 (and 20177?)



Sister project: Selecting Decision Support for Climate Adaptation:
Why Drought Decision Makers Choose to Use Tools (or Not)

 Amanda Cravens (USGS) interviewing
both drought tool creators and tool users

 Examine how resource managers choose
to use particular decision support tools in
decision making processes

 And how tool creators fund, design,
develop, and disseminate tools

* |dentify opportunities to better match
how the two groups go about their work

* And ultimately: Help improve the
Intermountain West DEWS

 Workshop in mid-2017
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EDDI Drought Indicator

Development and Outreach

Imtiaz Rangwala, Mike Hobbins, Candida Dewes,

Jeff Lukas & Dan McEvoy
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Evaporative demand = the atmosphere’s thirst
for surface moisture

As calculated from
 temperature

* humidity

« solar radiation
« wind speed

* but not precipitation
(i.e., reference ET from the

Penman-Monteith
equation)
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EDDI: Evaporative Demand Drought Index

How anomalous is the evaporative
demand at a particular place relative
to the 1979-2016 period?

s Standardized Index
*» Near-real-time: 5-day lag
% Spatial resolution: 12 km

+* Time windows considered
= 2 weeks to 6 months

s Effective for drought early warning

% Captures rapidly evolving changes in
evaporative stress, i.e., flash droughts
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2-Week

Credit: Mike Hobbins
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2-week EDDI: 2015 Growing Season in Wind River, WY
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EDDI on WWA Dashboards
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EDDI 2-Pager

http://wwa.colorado.edu/publications/reports/EDDI 2-pager.pdf
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EDDI: Some Next Steps

Provide historical (1979-present) EDDI data at 4-km grid
to researchers investigating drought-related impacts to
different socio-ecological systems

Propose to develop a user-friendly platform to access these
4-km data CONUS-wide

Development of an EDDI User’'s Manual



http://wwa.colorado.edu

Climate adaptation decision
models: Agriculture

http://wwa.colorado.edu/resources/tools/decision_models/index.html

Goal: Apply risk and decision analysis
to situations in which producers must

chose responses to uncertain, risk
conditions
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Drought decision making on the western cow-calf

ranch
[A collaboration of WWA, USDA Northern Great Plains Climate Hub
and the Dol North central Climate Science Center]

The basic decision problem is whether to change management
practices in the face of drought, by:

* Destocking drought-affected range and putting cattle on
purchased feed or rented pasture elsewhere

 Weaning calves and selling early (at lower weights)

e Selling part or all of the herd (calves and mother cows) and re-
building after the drought

e Switch to stockers

Each decision has different financial and management implications.
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Drought decision making on the ranch

Some other factors include:

* Expectations about future drought conditions, what’s the
forecast? What about next year?

* Current market conditions, net worth, financial plan, and
potential market response to drought

 What other ranchers will do
* Potential insurance payments (e.g., USDA RMA)

A classic case of decision-making under uncertainty:
* Will the drought continue, worsen, or improve?

 How will markets respond to adjustments made by other
livestock producers?
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Plenty of good advice is available from ranch and
range management experts
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The most common advice is to make decisions earlier,
more adaptive herd management and land use,
reduce pressure on the range—which is good for the
enterprise and range ecology

But what can help ranchers make this choice earlier in a drought?
And what if the drought improves or abates?

e Better information (on both climate and market responses)
» Efficient decisions and risk management (decision support)
e Risk mitigation tools (e.g., insurance)

We test these with an integrated ranch-drought decision-model
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The structure of the current

Componentsnohtive lgisic odnicix-0)
drought decision model
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Ranch-Drought Decision Model 2.0 implemented in Excel

* R version with more extensive simulation being developed
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Five-year runs for a 600-head cow-calf operation accessing 8,000
[insured] acres in eastern Colorado without PRF insurance

Annual profit 2002 drought year thru 2006---\Without insurance
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Five-year runs for a 600-head cow-calf operation accessing 8,000
[insured] acres in eastern Colorado with PRF insurance
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Ongoing and future directions

 Examine the value of additional information (VAI) in
decision-making (SDO & other forecasts, alternative
drought indices)

e Assess the ranch outcomes when the RMA PRF
insurance payouts are pegged to different drought
indices (USDM, EDDI, NDVI, etc.)

* Invite ranchers to participate in simulation experiments
at CSU/NC CSC’s RAM simulation studio, and in Earth
Lab’s visualization lab
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Potential evapotranspiration
and water demand
in Salt Lake Valley

Seth Arens 10/24/16
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Jordan Valley Water Conservancy District
(JVWCD)

* Wholesale water provider
in Salt Lake County

e Sources: Provo River
system, wells

How will climate change

affect water demand?
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Potential Evapotraspiration (PET)

Penman-Monteith
method

Historical PET

— Limited record length

Projected PET

— Downscaled climate data

— MACA projections for
West Jordan

— 17 models
— Historic (1950-2005)
— RCP4.5 & 8.5 (2006-2099)

@
West Jordan

JVWCD service area
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Historic evapotranspiration (ET)
in Salt Lake City

Annual ET SLC airport (1948-2015) March ET SLC airport (1948-2015)

ET calculated using Hargreaves equation; based on max/min temperature
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Observed and modeled PET

-MACA downscaled GCM
dataset
-Median of 17 models

-Strong positive bias of
modeled data

-Limited PET observations
-2001-2016 from University
of Utah
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PET Projections for West Jordan, UT

2060

* 5.9% increase - RCP4.5
* 8.3% increase - RCP8.5
2085

e 7.1% increase - RCP4.5
* 13.1% increase - RCP8.5

WHAT DOES THIS MEAN
TO WATER MANAGERS?

Projections are 30 year for 1990, 2035, 2060, 2085
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Taking the next steps: water demand

* PET projections must be
put in context

 Build model between
water demand and
observed PET

* Strong correlation

between PET and water
demand

* Assumptions, statistics
and scale




http://wwa.colorado.edu

BREAK
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Regional extreme events database
and maps

Jeff Lukas, Bill Travis, Klaus Wolter, Imtiaz

Rangwala, Adam McCurdy, Joe Tuccillo

2016 WWA Stakeholder Meeting
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2013 Front Range Flood: A wake-up call regarding
the risk of extreme events in our region...

...and the need for more information on these events
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Regional Extreme Events Database

Web-based searchable database of 160+ significant historical
extreme weather/climate events in Colorado, Utah, Wyoming

Floods, snowstorms, cold waves, droughts, wildfires,
landslides, windstorms, tornadoes from 1864-2015

Key attributes of each event plus links to resources

http://wwa.colorado.edu/climate/extremes/database/
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Regional Extreme Events Database

Floods have been the most prevalent event in almost every decade
since the 1860s

Increase in most events after 1950 due to better reporting, more
people and property at risk, not underlying trends in physical hazard
Increase in wildfire events after 1985 is consistent with broader
regional trends in large wildfires
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Regional Significant
Weather Event Maps

Monthly occurrence maps based
on NOAA Storm Events Database

(>20,000 events for our region)

Blizzard, Flash Flood, Flood, Hail,
Heavy Snow, High Wind,
Thunderstorm, Tornado, Wildfire,
Winter Storm

Period of record for most events:
1996-2014

http://wwa.colorado.edu/
climate/extremes/maps/
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Regional Significant VWeather Event Maps

» Hot spots for summer flash floods: El Paso County, CO,
and Washington County, UT
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Forthcoming Extreme products

e Summary of current and future risk from extreme
precipitation events for our region
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Balancing Severe Decision Conflicts
under Climate Extremes in Water

Resource Management
WWA Stakeholder Meeting: October 24, 2016

Funded by the NOAA Sectoral Applications Research Program (SARP)
Pl: Lisa Dilling

Team: Joseph Kasprzyk, Imtiaz Rangwala, Eric Gordon, Kristen Averyt (CU),
Laurna Kaatz (Denver Water), Leon Basdekas (formerly, Colorado Springs
Utilities)

Graduate Assistant: Rebecca Smith
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Motivation

Increasing calls for decision support for
climate change

GCM ensemble estimate of change in
maximum consecutive dry days per year,

Managers are interested in new deciSion  peyeen 2080-2099 and 1950-2000, from
support tools such as multiobjective Kollat et al. [2012]
evolutionary algorithms (MOEAs), but

they have not been extensively tested.

Partnered with: Boulder, Aurora,
Colorado Springs Utilities, Denver Water,
Fort Collins, Northern Water

Funding through NOAA Sectoral

Applications Research Program

MOEA search loop, from
Smith et al [In-Review]
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Framework

Held 2/2015 Held 6/2016

Participatory Framework for
Assessment and Improvement of
Tools (ParFAIT): Smith et al. [In-

Review] *WRSO: Water Resources Systems Optimization

Goals:
(i) design an MOEA testbed

(ii) assess how MOEA results might contribute to long-term planning
(iii) foster research to improve relevance of MOEA research
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MOEA Problem Formulation

add add manage manage minimize
supply infrastructure supply system

minimize time  § cost???
or frequency

build or of certain minimize spill
restrictions?

expand_ . change estrictions

reservoir fix leaks

: building codes
increase
wholesaler

shares build gravel carryover line canals
pits storage

change
restriction
triggers

senior rights maximize fill

maintain

certain level of J minimize

INnCrease Xeric storage? pumping/GHG

improve landscaping

build aquifer | €xpand or watershed X
interruptible | storage implement . conservation [ storage to resilience
supply reuse sl education weather -
agreement | 84 pumping certain level of § minimize
redundancy drought? vulnerability

lease water intai maximize
expand maintain

meet 100% indoor demand environmental obligations no stranded assets
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Representative System Model



http://wwa.colorado.edu

Conclusions

Applying ideas of co-production into
decision support research, assessing and
improving our tools

Guidance for formulating problems for
multi-objective decision support (e.g., focus
on reliability as performance metric)

Providing new infrastructure for continued
collaboration: representative model of
Colorado can be used for education, training

Publications: reports, journal articles,
conference presentations (AGU 2016)



Water Resources
Monitoring
and Outlook

Andrea J. Ray, NOAA/ESRL
Physical Sciences Division,
Michelle Stokes, NOAA
Colorado Basin River
Forecast Center

Case for the WRMO
WRMO prototype demo

Future enhancements to
the WRMO

Feedback
For more info: CBRFC.noaa.gov/WRMO

, prototype also will be available in late 2016






WRMO









Benefits & upcoming features of WRMO

Benefits:

®* One location for all forecasts westwide, eventually nationally

® Based on user needs & feedback, including User defined periods, more
flexibility

e Updated daily

Upcoming Features:

Supporting data:

Snow information (observed)
Soil moisture information
Temperature and precipitation
Reservoir conditions

Documentation & user guide

Verification information

Climate outlooks: NOAA CPC week 3-4, monthly, seasonal outlooks

Seasonal water outlook envisioned based on CPC outlooks and other analysis

For more info: CBRFC.noaa.gov/WRMO, prototype will be available in late 2016

NOAA RESEARCH -« ESRL . PHYSICAL SCIENCES DIVISION
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Mapping Climate Services

Elizabeth McNie

Western Water Assessment
October 24, 2016




http://wwa.colorado.edu

Background

e Co-PI: Alison Meadow, U. Arizona, Institute of the
Environment

e Sponsor: Kevin Werner/Timi Vann; NOAA West
Management Team

e Goal: Characterize climate-services research in
NOAA west region

— Create usable data base
— |dentify patterns and gaps in services
— Help to close gaps

— Inform allocation of resources
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e What are climate services?
— AMS (2015) definition:

Scientifically based information and products
that enhance users’ knowledge and
understanding about the impacts of climate
on their decisions and actions.

* Included: public sector, NGO, academic, within
NOAA west or providing services to region

* Notincluded: private, consulting, organizations
that do not provide services on an ongoing basis
(no one-shot wonders)
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Phase I: Design search strategies, criteria for
inclusion

Phase Il: Build database

Phase Ill: Vet database with organizations
identified in database

— Right sectors?

— Right services?

Phase IV: Analyze findings

— ldentify patterns, gaps, opportunities
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Information Collected

Service provider information
Provider level

Funding source

Sectors served

Scales served

Services provided
Stakeholders served
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Information Collected
* Service provider information E

Name
Mission
Location
Director
Contact Info
Web Page
States Served
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Information Collected

* Provider level % Federal
State

County
Municipality

NGO

University
Federal-University
State-University
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Information Collected

. Agency
* Funding source Program Office
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Information Collected

e Sectors served |

p

Agriculture

Climate & Weather
Drought

Economics
Ecosystems

Energy

Extreme Events,
Forests
Geochemical Cycles
Human Health
Indigenous Peoples
Land Use, Land Cover
Oceans, Coasts
Rural Communities
Social
Transportation
Urban

Water

Wildfire

Other
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Information Collected

International
National

Regional
* Scales served | > Tribal

State
Municipal
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Information Collected

Convening
Coordination

Data

Decision-Support Tools
Monitoring and
Evaluation

Newsletters
Peer-Reviewed Pubs

. . Presentations
e Services pr0V|ded Reports/White Papers

Scenarios/Models
Training and Education
Vulnerability
Assessments
Webinars

Workshops
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Information Collected

Government
Public

Private Sector
Researchers

Resource Managers
Tribes
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Scale Served
International
National
Regional
Tribal

State
Municipal

Provider Count
16
29
77
18
92
45
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Next Steps:
e |nstitutional Network Analysis of Providers

* Survey

* |ID what info is used, needed and services
provided
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Lunch
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Partnership with Northern Plains Regional Climate Hub and
North Central Climate Science Center

« Joint projects

— Drought decision-making

- Ecological drought

- Climate & agriculture tools

- National Climate Assessment @
« Joint retreats twice per year to

facilitate collaboration

« Publishing a paper on cooperation
among regional climate entities



Accelerating discovery with a view from Space

Geography, Applied Mathematics, Cooperative Institute for Research in Environmental Sciences,
Ecology & Evolutionary Biology, Environmental Sciences, Ecology & Evolutionary Biology,

Environmental Studies, Geological Sciences, Institute of Behavioral Science, National Snow and
Ice Data Center, and Research Computing

Digital Globe, Lockheed Martin, Ball, aWhere




Key pieces of Earth Lab

Analytics Hub
Science Projects

Education Initiative




