< DRI

Desert Research Institute

NATIONAL
EUAT'?R
ENTER
TR &

NATIONAL INTEGRATLD DRGUGHT N ORMATION SYSTIM

The Evaporative Demand Drought Index (EDDI):

early warning and monitoring of drought from the demand side

Mike Hobbins'?, Joe Barsuglil-?, Candida Dewes’?, Justin Huntington?,
Jeff Lukas?#, Daniel McEvoy?, Charles Morton3, Imtiaz Rangwalal-?,
Andrea Ray?, Cathy Smith%?, Andy Wood?>, & Heather Yocum?-24

NOAA/ESRL Physical Sciences Division

University of Colorado/Cooperative Institute for Research in Environmental Sciences
Desert Research Institute

Western Water Assessment

University Corporation for Atmospheric Research

ik wn e

Wednesday, March 14, 2018

//A WESTERN WATER FEW ET 6 CLIMATE
go;m"!! MI'S! ’o!;';“ué gyi)’ ﬁgﬁ Ej ngm ENT FAMINE EARLY wmu%c sv§us NETWORK oM

VIRONMENTAL SCIl

CENTER

UNIVERSITY CONSORTIUM



Support for EDDI from...

— National Integrated Drought Information System (NIDIS)

— NOAA Joint Technology Transfer Initiative (JTTI)

— NOAA Sectoral Applications Research Program (SARP)

— NOAA ESRL Physical Sciences Division

— NOAA/USGS/USACE National Water Center

— Desert Research Institute/Western Regional Climate Center
— Western Water Assessment, CIRES

— USGS North Central Climate Science Center

— USAID Famine Early Warning Systems Network



Outline

Purpose:
* introduce potential users to EDDI
* familiarize existing EDDI users with ancillary products
* update all users on new developments
* generate feedback from users on experience, formats,
by-products, etc.

What does an EDDI map tell you?

Background:

* relevance of evaporative demand to drought
* developing EDDI from evaporative demand

Applications:

* early warning

* agricultural drought
* hydrologic drought
* wildfire risk

New developments
EDDI access and availability
Take-home messages

Questions?



What is the Evaporative Demand Drought Index (EDDI)?

An EDDI month is 30 days, so this
1-month EDDI map is based on E,

from Feb 7 - Mar 8 (30 days).

Ey is unusually low in
the Northern Great
Plains and Rockies,
indicating wetter-than-
normal surface
conditions and
atmosphere.

Names, colors, and
%ile breaks for EDDI
drought categories
reflect those of the
US Drought Monitor.

_—

There are 24 time scales:
1-12 weeks, 1-12 months.

1-month EDDI categories for March 8, 2018
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(EDDI-percentile category breaks: 100% = driest; 0% = wettest)

Generated by NOAA/ESRL/Physical Sciences Division

The anomaly in evaporative demand at a
specified timescale, for a given location,
expressed as a percentile.

70°W

10% 5% 2% 0%

Lag of ~ 5 days, so this
map was released on
March 13

E, is unusually high
across the Southwest
in the Southern Great
Plains, indicating drier-
than-normal surface
conditions and
atmosphere.

ED4 in OK/KS means that
such dry conditions are
expected only 2% of Feb
2 — Mar 3 periods. EDDI
picked up this dryness
one month (Feb 8)
before USDM (Mar 6)

Wetness and dryness
categories mirror each
other, so ED2 and EW2
have identical
expected frequency.



Background: Relevance of E, to drought

Water balance on a land surface:
~ f(Prcp, ET)

where ET is driven by:

* evaporative demand (£,),
* surface moisture status.

imbalance of supply to,
Drought = and demand for,
surface moisture

PRCP
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Background: Relevance of E, to drought

Relationship between
E, and ET changes as
land surface dries out

® When surface moisture
is sufficient, rising E,
leads to rising ET

®* When moisture is
limited, ET declines,
while E, rises even
more steeply

Evaporative demand rises
in all forms of drought.
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Background: How is EDDI calculated?

SpBatadadsnds

Meteorological Inputs

temperature, humidity, wind speed, solar radiation
NLDAS-2, 12-km gridded, daily
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Background: Estimating E, from reference ET

Penman-Monteith Reference ET (FAO-56):

C
i _
E, = ET, - 0.408A 86400 T (e —e,)

A+y(1+CdU2)( T A+ CU,) 210

( J |

J

| |

Radiative forcing
(sunshine, T)

Advective forcing
(wind, humidity, T)

“Reference” crop specified:
e 0.12-m grass or 0.50-m alfalfa
e well-watered, actively growing,
e completely shading the ground,
e albedo of 0.23.

Drivers from NLDAS-2:

* temperatureat2m

* specific humidity at surface
* downward SW at surface

* wind speedat 10 m

* daily, Jan 1, 1979 — present
e ~12-km, CONUS-wide

S [ < 1.000
7 I 1,000 to 1,250
[ 1,250 10 1,500
[ 150010 1,750
[ 1,750 t02,000
[ 2,000 t0 2,250
I 2.250 10 2,500
B 2500 102,750

2750

Mean annual E, (mm), 1981-2010

A = latent heat of vaporization

R, = net radiation (SW + LW) at crop surface
G = ground heat flux

U, = 2-m wind speed

saturated / actual vapor pressure
A =de,,,/dT at air temperature T
y = psychrometric constant

C,, C4 = constants for crop type and time-step

eSGt/ ea =



Background: Calculating EDDI

E.g., deriving 3-month EDDI on August 31, 2012, Midwest
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Background: Calculating EDDI
E.g., deriving 3-month EDDI on August 31, 2012, Midwest

\ Summer
\ 2012

-
EDDI is

simple to
calculate

\_

EWO0, <30%

EDO, > 70%
EDI1, > 80%

-3 -2 -1

[EEY

2 3
wetter than normal drier than normal

44444

35°N

25°N

Drought categories Wetness categories
eo1 | Do EWO
100% 98% 95% 0%  B0% 70% 30% 20% 10% 5% 2% 0%

(EDDI-percentile category breaks: 100% = driest; 0% = wettest)

Generated by NOAAESRUPhysical Sciences Division



Background: Multi-scalar drought monitor
March 6, 2018

EDDI US Drought Monitor
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EDDI is available
at 24 timescales:

Drought categories Wetness categories
ED4 ED3 ED1| EDO EW0 EW2 EW3 EW4 * 1...12 weeks
100% 98% 95% 90% 80% 70% 30% 20% 10% 5% 2% 0% °*1...12 months

(EDDI-percentile category breaks: 100% = driest; 0% = wettest)

Generated by NOAA/ESRL/Physical Sciences Division



Background: Multi-scalar drought monitor
March 6, 2018

EDDI

i
Flash drought potential
(1- to 3-week EDDI)

Drought categories Wetness categories

ED4 ED3 ED1| EDO EWO0 EW2 EW8 EW4

100% 98% 95% 90% 80% 70% 30% 20% 10% 5% 2% 0%
(EDDI-percentile category breaks: 100% = driest; 0% = wettest)

Generated by NOAA/ESRL/Physical Sciences Division



Background: Multi-scalar drought monitor
March 6, 2018

EDDI

Drought categories Wetness categories

ED4 ED3 ED1| EDO EWO0 EW2 EW8 EW4

100% 98% 95% 90% 80% 70% 30% 20% 10% 5% 2% 0%
(EDDI-percentile category breaks: 100% = driest; 0% = wettest)

Generated by NOAA/ESRL/Physical Sciences Division

Emerging conditions
(that could lead to drought)
(2-week to 1-month EDDI)



Background: Multi-scalar drought monitor
March 6, 2018

EDDI

Persistent drought
conditions
(> 3-month EDDI)

Drought categories Wetness categories

ED4 ED3 ED1| EDO EWO0 EW2 EW8 EW4

100% 98% 95% 90% 80% 70% 30% 20% 10% 5% 2% 0%
(EDDI-percentile category breaks: 100% = driest; 0% = wettest)

Generated by NOAA/ESRL/Physical Sciences Division



Application: EDDI as early warning of flash drought

2-week EDDI in the Midwest

In May-July, 2012, the 2-week
EDDI captured severe drought
conditions in the US Midwest
up to ~2 months before USDM

EDDI leads USDM
in identifying flash
droughts

Intensity:
[] DO Abnormally Dry

[] D1 Moderate Drought
[ D2 Severe Drought

I D3 Extreme Drought
I D4 Exceptional Drought

May 1

=

Drought expands in the regfon

e g

but not in intensity

D3 edges into the regior.1~

2-week EDDI

Drought developing in entire
region

Persistent intense drought in the
region

. \K s

D4 and D3 emerged over much the Intense drought persists in the

region two months after EDDI

region



Application: EDDI in sector-specific monitoring

AGRICULTURAL

DROUGHT

- soil moisture

- grazing health
-ET

HYDROLOGIC FIRE-RISK
DROUGHT MONITORING
- streamflow - weather
- snowfall - fuel loads

ECOLOGICAL
DROUGHT




Application: Agricultural drought monitoring
2-week EDDI, 2015 growing season in Wind River IR, WY

Drought categories Wetness categories

100% 98% 95% 90% 80% 70% 30% 20% 10% 5% 2% 0%
(EDDI-percentile category breaks: 100% = driest; 0% = wettest)




Application: Hydrological drought prediction F= DRI
=

6-month EDDI in Sacramento River Basin, CA ,
Desert Research Institute

* Potential to improve late summer low flow streamflow predictions

Sacramento River Basin EDDI and SRI

T I I I I I

—e-EDDI 6-month 2
% =072 -o-SRI 12-month

EDDI

2" / ! l -2

| | | | |
1980 1984 1988 1992 1996 2000 2004 2008 2012

6-month EDDI 12-month SRI
(Nov-Apr) (Oct-Sep)
EDDI contains no SRI = Standardized Runoff Index

Prcp information!




Application: Wildfire risk management F=" DRI
12-month EDDI in Southern California -

Desert Research Institute

Correlations to 1000-hour fuel moisture

EDDI

* NOAA Sectoral Applications Research Program (SARP)
grant, 2016-2018

SPEI SPI PDSI

ﬁ

Summer

* How do drought indices relate to fire danger indices
(different measures of fuel moisture)?

Fall

* Can EDDI provide early warning of wildfire risk?

2.5 Sonoma County 14-day ETrs Attribution

— ETrs —_—Q = Rd
— T — U2

2.0

Spring

Winter

mm/day

* Tubbs Fire, October, 2017

* EDDI decomposition indicates shift to
humidity-driven E, spike




Application: Snow and snow drought F= DRI
=

December — February, 2018 \
Desert Research Institute

* EDDI is useful for evaluating snow and snow drought
* Snow drought can occur due to low Prcp, or average Prcp but rain vs. snow

Evaporative Demand Drought Index (EDDI) (gridMET)

Target Period: 2017-12-01 t0 2018-02-28 -25 20 -15 -12 -07 05 05 07 12 15 20 25 @
Historical Period: 1979 - 2018 "

Evaporative Demand Drought Index (EDD))

Median NDSI Difference from Average (MODIS 16-Day)
Target Period: 2018-01-30 to 2018-02-28
Period: 18

05 04 03 02 01 00 01 02 03 04 05
NDSI Difference from Average

B0 o roce or Locaion | Genter Map |

Google
NORTH
DAKOTA
MINNESOTA

Minneap lis

MISSOURI



Application: Complementing remote sensing F= DRI
=

May — July, 2017 _
Desert Research Institute

* EDDI is useful for understanding remote sensing anomalies
of land surface temperature, vegetation, and actual ET

Evaporative Demand Drought Index (EDDI) (gridMET)
Target Period: 2017-05-01 170791

25 20 -15 12 -07 05 05 07 12 15 20 25
Matorical Perod: " Evaporative Demand Drought Index (EDDI)

Median Land Surface Temperature Difference from Average [ |

(MODIS Terra 8- 5 4 3 2 1 0 1 2 3 4 5

MRS, s St Ot o 535
st Pario: 2000 - 2017

MINNESOTA




EDDI outreach: Hands-on training = DRI
=

Desert Research Institute

* DRI partners conducting extensive EDDI hands-on training with
state and federal agency scientists and managers in the western US

1

Nevada BLM State Office — March 8, 2018



Stakeholder engagement: Co-development of EDDI

Development

Current user
group

Task 5.7

Design and
implement

guestionnaire to

current and
regional
stakeholders

TRLS5

Growing season 2016

Demonstration

Regional user
group

Task 5.8

Obtain feedback
from regional

stakeholders

Task 6.2

Refine EDDI based
on regional user
feedback

TRL6
2017

Deployment

National user
group

NWC ™
Operational

product by
May 2019

Task 6.5

Obtain feedback
from national

e e e » Stakeholder feedback

incorporated into plan
to transition EDDI to
Task 6.7 operational product.

Refine EDDI based
on national user
feedback

* Feedback from
current, regional, and
national users is being
used to refine final
EDDI product.

TRLY
2018



New developments: EDDI website

U.S. Department of Commerce | National Oceanic & Atmospheric Administration | NOAA Research

Qy Earth System Research Laboratory

Physical Sciences Divisior

Physical Sciences Division  About Contact Research Data Products News/Events Leam Intranet

E D DI Evapoyative Denfand Drought Index
S

About Current Conditions EDDI Map Archive Time Series Resources

About

What is EDDI? -
The Evaporative Demand (€DDI) is an drought monitoring
and early warning guidance tool. It examines how anomalous the atmospheric

evaporative demand (Eg; also known as the thirst of the atmosphere’)is for a given -~

location and across a time period of interest. EDDI is multi-scalar, meaning that this
period—or “timescale’—can vary to capture drying dynamics that themselves operate at
different timescales; we generate EDDI at 1-week through 12-month timescales.

This webpage offers a frequently updated assessment of current conditions across v - Nas
CONUS, southern parts of Canada, and northern parts of Mexico; a tool to generate o ew ww W vow v
historical time series of EDDI for  user-selected region; introductions to the EDDI team; I I
and a lst of resources for users to explore EDDI and its applications further. B e o)

Why use EDDI?

EDDI User Guide (3
EDDI can offer early warning of agricultural drought, hydrologic drought, and fire-
weather risk by providing near-real-time information on the emergence or persistence
of anomalous evaporative demand in a region. A particular strength of EDDI is in capturing the precursor signals of water stress at weekly to monthly
timescales, which makes EDDI a strong tool for preparedness for both flash droughts and ongoing droughts.

How often is EDDI updated?

Currently, EDDI is generated daily—though with a S-day lag-time—by analyzing a - dataset. This lag its from the
procedures 1o qu y the data used pOr. There is also an ongoing effort to forecast EDDI based on
seasonal climate-forecast information.
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Any issues with accessing the plots and other information on this page are welcome and should be sent to esrl,psd.data@noaa,gov.
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https://www.esrl.noaa.gov/psd/eddi/

New developments: Historical EDDI time series

U.S. Department of Commeroe | National Oceanic & Atmospharic Administration | NOAA Research

: «  Tool generates and plots historical EDDI
: time series for user-selected rectangle at
1- to 12-monthly time scales

Physical Sciences Division  About Contact Research Data Products News/Events Lea intranet

E DDI Evaporative Denfand Drought Index

s

* Time period: 1980-present

Moot Curemcondtons  eooiMephcive | Tmesedes | tem  esouces

—————
.
e

..... * Research into understanding past impacts

- : » Helpful for exploring relevant EDDI
timescales for user-relevant impacts

.
o,

o
..
1980 1985 1990 1995 2000 2005 2010 2015 e,

.
ot gt A 24 3007 oasesn 0 S
.
0

This webtool allows a user 1980-1atest complete y por Drought Index (EDDY) for a
as a table for different timescales, .. 1 10 12 months of integrated
evaporative demand at the end of a given month. This tool also all ge: plots with user
© Region © Plot Options
Drag to move map; SHIFT-Orag to select region
o NGO Averaging Period (Months)?| 5 ¢ | Ending Month? Sep &
a whoeiftoede | 0000 (endgmonfhinchdes
s 3700
UNI Enter Roglon Title (OPTIONAL: Used in the plo tto: default s the ation range)
ST Roset Map.

Generate Data & ot Reset Optons

Description of Time-Series Data and Plot

This page historical (1980-atest complete year) EDDI across a user-selected region and timescale. You can select your
region as a rectangular area by directly entering latitude and longitude values or by selecting the area in the adjacent map. The main output s a table
with EDDI time series for timescales of 1 to 12 months. A plot will (or d period, which

I T I | T I T I

https://www.esrl.noaa.gov/psd/eddi/#timeseries | 1980 1985 1990 1995 2000 2005 2010 2015

plot generated Mar 6 2018 NOAA/ESRL PSD


https://www.esrl.noaa.gov/psd/eddi/

New developments: Resources and EDDI User Guide

U.S. Depastment of Commerce | National Oceani: & Atmospheric Administration | NOAA Research

w Earth System Research Laboratory

Physical Sciences Div

Search PSD:

Physical Sciences Division  About Contact Resewch Data Products Neww/Events Leam Intranet

E D D I Evaporahve Dentand Drought Index

About Current Conditions EDOI Map Archive Time Series.

Resources

Primary Backgroxd Materiat*™"
« EDDI User Guide
+ Howtoread an €DDI mao®

Related Links

« EDDLa New Drought Index, Provides Early Warning of Flash Droughts
« Anew NOAA 1ol is helping 10 predict US droughts. global famine

+ New NOAA tool is helping 10 predict U, droughs. W aes
« EDDL: A powerfiul tool for early drought warning (3 “&”

« WWA: Intermountain West Climate Dash

+ PSD News: New Identifies both rapid- nd d d

Team Resouoes

CONUS maps of monthly US climate division PDS!
« Time series of monthly US climate division PDS! and other variables
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New developments: EDDI change maps
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(EDDI-percentile category breaks: 100% = driest; 0% = wettest)

Generated by NOAA/ESRL/Physical Sciences Division

2-month EDDI: Changes during the 30 days ending on March 6, 2018
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New developments: EDDI change maps

1-week EDDI: Changes during the 7 days ending on March 6, 2018
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New developments: Attribution of drivers of drought

Diagnosing drought’s demand side

E,=f(T.R,.q.U,), so
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New developments: Attribution of drivers of drought
Diagnosing drought’s demand side

Sacramento River basin, CA
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Under development: Attribution maps

R, solar radiation

AE, =—2AT +
oT
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(conceptual maps only)



EDDI availability: Variety of customized formats

EDDI maps with user-provided context:
e.g., highways, towns, reservations,
watersheds, rivers

Flat ascii grids of EDDI data:
e.g., raw EDDI values,
EDDI drought / wetness categories

12-month EDDI categories for March 3, 2018
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Call me, maybe: set-up only takes a few minutes.




EDDI availability: Variety of locations

Public ftp access from NOAA: Coming soon: US Drought Portal

Daily updated EDDI data and/or maps, W ——at v
customized to users’ regions and context -

ftp://ftp.cdc.noaa.gov/Public/mhobbins/EDDI/

Entire EDDI history (1980-present) —
CONUS-wide data and maps
26.0% 56.5 million

ftp://ftp.cdc.noaa.gov/Projects/EDDI/CONUS archive/ et ot 55 e 55l s s

As of February 28 - March 6:
y 1l on the lower ath pper
Southea: ndmness« uey d pa oast. In. d drough
h Tennessee and adjacent a Mso theasten tier of the dry area in
Arkansas, and portions California
pattems this past week. The mid-Atlantic and Northeast were bu Mtdbygsxsrex ing 5570 mph during the

Regional climate dashboards: e st
e.qg., Western Water Assessment e
V pad( nﬂ;ollmnm re remote ::uut?nc'::::’l:::ssrmul ‘, f z;zm«mmmmm:'
Rocky Mountains-High Plains Intermountain West ;’i‘i“jmmw s e mmrmemee
Climate Dashboard Climate Dashboard T O, = o

How is Drought Affecting your Neighborhood?

https://www.drought.gov/drought/

http://wwa.colorado.edu/climate/dashboard2.html

http://wwa.colorado.edu/climate/dashboard.html



http://wwa.colorado.edu/climate/dashboard2.html
http://wwa.colorado.edu/climate/dashboard.html
ftp://ftp.cdc.noaa.gov/Public/mhobbins/EDDI/
ftp://ftp.cdc.noaa.gov/Projects/EDDI/CONUS_archive/
https://www.drought.gov/drought/

Mike Hobbins

EDDI take-home messages 303-497-3092
mike.hobbins@noaa.gov
https://www.esrl.noaa.gov/psd/eddi/
(or search “NOAA EDDI”)

®* Works solely with evaporative demand

® Standardized index

®* Near real-time: 5-day lag

®* Medium-to-high resolution

* Works across different time and space scales

®* Timescale may be optimized for:
® early warning relative to other monitors

® demands specific to hydroclimates and sectors

® Effective for early warning and real-time monitoring:

® agricultural drought, hydrologic drought, wildfire risk
®* Drought can be attributed to meteorological drivers
®* Complete (> 38 years) history available via ftp and website
®* EDDI maps/data delivery can be customized

® Fully operational at National Water Center by May 2019
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