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The Evaporative Demand Drought Index (EDDI)
an emerging drought-monitoring & early warning tool
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Current conditions
March 28, 2017
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New approach to drought Prcp = precipitation

ET = evapotranspiration

Treatment of demand side O = moisture availability proxy

T = air temperature
q = specific humidity
R, = downwelling SW
U, = 2-m wind speed

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

Water-balance:

Drought ~ f(Prcp
ET~ (6, E)
Traditionally:
Drought ”f(PfCP@ E,~ fiT) - e.g., Thornthwaite, Hamon,

Hargreaves, PDSI

But more physical E, formulations are available.

E,~ f(T,q, R, U,) - e.g., Penman-Monteith

Cooperative Institute for Research in Environmental Sciences

UNIVERSITY OF COLORADO BOULDER and NOAA % \,m,y



ET = actual evapotranspiration
E, = evaporative demand

What is Evaporative Demand?

nshine
“Thirst of the atmosphere” VAN
. ) ) . Q‘T-:ﬁ CLIMATE 1;—-‘:1*?(
ET occurring given an unlimited hlumldity ot

moisture supply

o Reference ET
o Potential ET (“PET”)
o Pan evaporation

* There are good estimates and
bad estimates:

, rrierenu-wop grass -

i

* physically based
* temperature-based

Physically-based ET, contains valuable information related to drought dynamics
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ET = actual evapotranspiration
E, = evaporative demand

Why Evaporative Demand?

In supply-limited
or dry hydroclimates
ET drives E,

E, is demand for
ET in atmosphere

ET is supply of
surface moisture

to atmosphere

moisture
y

In energy-limited
or wet hydroclimates

ET is driven by E,

(Bouchet, IAHS 1963)
(Hobbins et al., GRL 2004)
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How do we calculate EDDI?

E, (reference ET) — Midwest US

20 Summer (JJA) 2012
Summer (JJA)
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How do we calculate EDDI?

EW4: -2.054, or < 2%ile

EWS3: -1.645, or < 5%ile

EW2:-1.282, or < 10%ile

ED4: 2.054, or > 98%ile

ED3: 1.645, or > 95%ile

ED2: 1.282, or > 90%ile
1

EW1: -0.841, or < 20%ile

ED1: 0.841, or > 80%ile
|
EWO: -0.524, < 30%ile EDO: 0.524, > 70%ile

~

wetter than normal O drier than normal

EDDI<O EDDI> 0 (Hobbins et al., JHM 2016)
(McEvoy et al., JHM 2016)
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What doeS EDDI Offer‘? USDM = United States Drought Monitor
A multi-scalar drought estimator

vy
12-month EDDI s 7}
NN ,f \ % "{ \""‘. T
9-month EQDI N -
- c L\ fadl t';" ‘\L" %
8 RS e \TWA A ' \ O
% § 6-month EL}QI r ”ﬁﬁm %
E GL) f ,J\JI ,‘"‘ ‘I‘ ."‘.‘rl | “l"‘. . i Lg
< = L ny >
'3 © Y, . . .
@ S 3-month EDD%A,\\_J\ N Signals of different drying
S QU . .
E L dynamics are evident at
3 K : -
= " mf*jf\h T \ ml different time-scales

2-week EDDI
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CALL MU\, [
Tlme Jan 2004 — Dec 2009

~ USDM (grey) and EDDI (red)
across Apalachicola River basin
! at Chattahoochee, FL.
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2012 Midwest Flash Drought
Leading indication of drought

2-week EDDI captures
severe drought conditions
~2 months before USDM

“Flash drought” in the
US Midwest, 2012

Drought development in the Midwest

May 1

June 5

July 3

P D N\
DO, D1inlIL, IN, TN Drought developing in entire
No drought in MO, AR, OK, NE region
| e 1 s
"K\ ' %

i g N
\ | oS A
N )2, \\\'L‘ . -
Drought expands in the region Flash drought (including ED3, ED4
but not in intensity

W Aar=xA N A =
'@ - { Q-
D4 and D3 emerged over much the Intense drought persists in the
region two months after EDDI region
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1-mon EDDI USDM

L
-
'
|

2016 Black Hills drought

80 — --ETo
wn - . .
c il SW radiati
E S 60 ',\\ - radiation
o £ FAEERN —Wind speed
(] A / A
o E 40 / * _ —Humidity
S L e IN N e
ILT.] E 20 | Temperature
0
| | | 1 | | | 1 | | \ .--"'-( |
e
"E — 15
@] Q A4 —1-mon EDDI
E B 0.5
= -0.5 \

Cooperative Institute for Research in Environmental Sciences

UNIVERSITY OF COLORADO BOULDER and NOAA (™= v
L ==




2016 Black Hills drought 1-mon EDDI USDM
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2016 Black Hills drought 1-mon EDDI USDM
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1-mon EDDI USDM
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2016 Black Hills drought
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1-mon EDDI USDM
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2016 Black Hills drought
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1-mon EDDI USDM
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2016 Black Hills drought
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1-mon EDDI USDM
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2016 Black Hills drought
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1-mon EDDI USDM
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2016 Black Hills drought
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1-mon EDDI USDM
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2016 Black Hills drought
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2016 Black Hills drought 1-mon EDDI USDM
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2016 Black Hills drought 1-mon EDDI USDM
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2016 Black Hills drought 1-mon EDDI USDM
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2016 Black Hills drought ‘ 1-mon EDDI USDM
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2016 Black Hills drought 1-mon EDDI USDM
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2016 Black Hills drought

1-mon EDDI USDM
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2016 Southeast drought / fires

E,-fuel load
relationship across
S. California GACC
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1000-hour fuel moisture, May-Oct (%)
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1-mon EDDI USDM

2016 Southeast drought / fires
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2016 Southeast drought / fires 1-mon EDDI USDM
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1-mon EDDI USDM

2016 Southeast drought / fires
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2016 Southeast drought / fires 1-mon EDD! ‘ USDM
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2016 Southeast drought / fires 1-mon EDDI USDM
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1-mon EDDI USDM

2016 Southeast drought / fires
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2016 Southeast drought / fires 1-mon EDDI USDM
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USDM

2016 Southeast drought / fires
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2016 Southeast drought / fires

ET, depths
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2016 Southeast drought / fires

ET, depths
(mm/mon)
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2016 Southeast drought / fires
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2016 Southeast drought / fires ~ _ 1-mon EDDI USDM
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Summary mike.hobbins@noaa.gov 303-497-3092

E, and drought:

Physically related to drought
Leads effects on ET in humid areas; reflects them in arid areas

Decomposition of drought’s demand side
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Back-up slides
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EDDI information at various timescales

3 =—1-mon EDDI —2-mon EDDI 3-mon EDDI —4-mon EDDI —5-mon EDDI 6-mon EDDI

25 —7-mon EDDI —8-mon EDDI 9-mon EDDI —10-mon EDDI 11-mon EDDI =—12-mon EDDI

Different drying dynamics occur at different timescales

Optimal timescale(s) will be sector-, region-, and season-specific.
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Decomposition and attribution

Cn
0.408D gea00 . 9 (- )
ET = - G U sat a —] T* ) U jR
i D"'g(l"'chz)( ! ) 10° D+g(1+CdU2) 27108 g(T,q,Uysp, Ry)

(1) Variability analysis

UET‘] = FT‘I‘F{;, +FU1U +FR|:I

(2) Change attribution
dET, 9ET,
aT dq

(mm/day)A2

AET, =

me High :16.295

w0162

;URd,Uly
sin(1)and
ons in (2)
om dataset

d (2) derived
Gy sy ror <~dJel formulation
[Hobbins et al., Trans. ASABE 2016]
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Decomposition and attribution
Explicit sensitivity equations

0.4083[?@ 4169.871-2T _ dof.q(0.34-0.14z, T }

(7 -35.85)

T 4098171 1 _ 4169.871-2T
+ 0, = — = (Car —24) [0408AR JU }
aETr i n { Csat (T—35_85)2 T sart a :| . (]_“_35.85)-’ +7 ( Csar — a)
or A+/1+C4U) &+ 1+, )P
0.02856Acf,; T * L G
OET, e
=0.622P,
g "[A 4+ c,0)f0.622 +0.3787 )
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c
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[Hobbins et al., Trans. ASABE 2016]
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Decomposition and attribution

MJJASO variability contributions, daily ET,, by driver
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[Hobbins et al., Trans. ASABE 2016]
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Decomposition and attribution
Top driver of daily variability, by month

December

Driver

2-m air temperature

[Hobbins et al., Trans. ASABE 2016]
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