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What is Evaporative Demand (E0)? 

 
 
• “Thirst of the atmosphere” 

 
• ET occurring given an unlimited 

moisture supply 
 

o Reference ET 

o Potential ET (“PET”) 
o Pan evaporation 

 
• There are good estimates and 

bad estimates: 
 

• physically based 
• temperature-based 

 

ET = actual evapotranspiration 
E0 = evaporative demand 
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ET is supply of surface 
moisture to atmosphere 

E0 is atmospheric 
demand for ET 

ET = actual evapotranspiration 
E0 = evaporative demand 

Supply-limited 
hydroclimates (dry): 

ET drives E0 

COMPLEMENTARITY 

Energy-limited 
hydroclimates (wet): 

ET is driven by E0 
PARALLEL 

(Bouchet, IAHS 1963) 
(Hobbins et al., GRL 2004) 

temperature 
wind speed 

net radiation 
humidity 

E0 much easier to 
estimate than ET 
E0 much easier to 
estimate than ET 

unknown on useful 
space/time scales 

E0 / ET constraints and interactions 
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Radiative forcing 
(sunshine, T) 

Advective forcing 
(wind, humidity, T) 
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Drivers from NLDAS-2: 
• temperature at 2 m 
• specific humidity at surface 
• downward SW at surface 
• wind speed at 10 m 
 

• daily, Jan 1, 1979 – present 
• ~12-km, CONUS-wide 

Penman-Monteith Reference ET (FAO-56): 

Mean annual E0 (mm), 1981-2010 

λ = latent heat of vaporization 
Rn = net radiation (SW + LW) at crop surface 

G = ground heat flux 
U2 = 2-m wind speed 

esat / ea =  saturated / actual vapor pressure 
Δ = desat/dT at air temperature T 

γ = psychrometric constant 
Cn, Cd  = constants for crop type and time-step 

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

Estimating E0 from reference ET 
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Calculating EDDI 

E0 (reference ET) – Midwest US 
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Calculating EDDI 

37 years of summer E0 – Midwest US 

2012 has rank of 1 in  
37-year E0 climatology 

Summer E0 depths (mm) 



Cooperative Institute for Research in Environmental Sciences 
UNIVERSITY OF COLORADO BOULDER and NOAA 

• Tukey plotting position – non-parameteric 

• Recommended for comparing drought indices (Hao and AghaKouchak, 2014) 

• t is period during which E0 is observed. 
o e.g., t for 3-month EDDI on September 1, 2012 starts June 4, 2012. 

Calculating EDDI 

P(E0t
) =
it E0t( )-0.33

n+0.33
	~ N(0,1)

rank in 
climo 

# years in climo 
(37: 1980-2016) 

CDF 
matching 

ED0: 0.524, > 70%ile 

ED1: 0.841, or > 80%ile 

ED2: 1.282, or > 90%ile 

ED3: 1.645, or > 95%ile 

ED4: 2.054, or > 98%ile 

EW0: -0.524, < 30%ile 

EW4: -2.054, or < 2%ile 

EW1: -0.841, or < 20%ile 

EW3: -1.645, or < 5%ile 

EW2: -1.282, or < 10%ile 

(Hobbins et al., JHM 2016) 
(McEvoy et al., JHM 2016) 

EDDI < 0 EDDI > 0 

wetter than normal drier than normal 0 
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Multi-scalar drought estimator 

Signals of different drying 

dynamics are evident at 

different time-scales 

USDM (grey) and EDDI (red) 
across Apalachicola River basin 
at Chattahoochee, FL. 

USDM = United States Drought Monitor 
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Time: Jan 2004 – Dec 2009 
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Leading indication of drought 

2-week EDDI captures 

severe drought conditions 

~2 months before USDM 

USDM 2-week EDDI 

“Flash drought” in the 
US Midwest, 2012 
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Monitoring across sectors 

HYDROLOGIC 

DROUGHT 
- streamflow 

- snowfall 

FIRE-RISK 

MONITORING 
- weather 

- fuel loads 

Farming                                                Ranching 

AGRICULTURAL 

DROUGHT 
- soil moisture 

- grazing health 

- ET 
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VIC = Variable Infiltration Capacity model 
ESI = Evaporative Stress Index 

Agricultural drought monitoring 

(Hobbins et al., JHM 2016) 

Agricultural drought across CONUS, July 31, 2002 

USDM 3-month EDDI 

 
VIC-modeled SM 12-week ESI 
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Can EDDI help predict late-summer (low-flow) streamflow? 

6-month EDDI 
(Nov-Apr)  

12-month SRI 
(Oct-Sep) 

(EDDI - McEvoy et al., JHM 2016) 
(SRI - Shukla and Wood, GRL 2008) 

EDDI contains no 

Prcp information! 

Hydrological drought prediction SRI = Standardized Runoff Index 
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Texas California Iowa Pennsylvania 

SS
I 

SP
I 

Correlation coefficient 

Comparison to other drought metrics 
Across timescales and hydroclimates 

(McEvoy et al., JHM 2016) 

SPI = Standardized Precipitation Index 
SSI = Standardized Soil Moisture Index 
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US Drought Monitor 
Nov 8 2016 

EDDI at various timescales 

EDDI 
Nov 4 2016 

1 wk 2 wk 3 wk 

1 mn 2 mn 3 mn 

6 mn 9 mn 12 mn 
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(2-pager: Rangwala et al., NOAA 2015) 

Next steps 
User outreach, operationalizing, research 

Two-pager: Next steps: 
 
• Operationalizing EDDI at NOAA National 

Water Center 
 

• Enlarge and engage user-base 
 

• EDDI User’s Manual 
 

• Continued research and development 
collaboration with research partners (DRI): 

 

o attribution component 
o forecast component 
o wildfire prediction 
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E0 = f T,Rd,q,U2( ),  so 	

DE0 =
¶E0

¶T
DT +

¶E0

¶Rd
DRd +

¶E0

¶q
Dq+

¶E0

¶U2

DU2 	

derived 
analytically  
(Hobbins, 2016) 

anomalies 
observed in 
reanalyses 

(Hobbins et al., JHM 2016) 

E0 changes due to changes in: 
 

T, temperature 
Rd, solar radiation 
q, humidity 
U2, wind speed 

Drivers of drought 
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Drivers of drought 
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Sacramento River basin, CA 

(Hobbins et al., JHM 2016) 

Drought intensification 

(increasing E0) forced by: 
 

• first, below-normal q 
(while T falling) 
 

• then, increasing T and, 
to a lesser degree, Rd 
 

• U2 plays little role 

T = air temperature 
Rd = downwelling SW 
q = specific humidity 

U2 = wind speed 
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Daily, weekly - FRET Seasonally 

Forecasting of E0 (and drought) FRET = Forecast Reference Evapotranspiration 
Prcp = precipitation 

CFSv2 4-member ensemble mean initialized Sept 8 
(00Z, 06Z, 12Z, and 18Z) – Dan McEvoy, DRI 

Greater skill 
than Prcp 

Greater skill 
than Prcp 

(McEvoy et al., GRL 2016) 
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2-year NOAA grant: Developing a wildfire 
component for the NIDIS CA DEWS 

Predicting wildfire risk 
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1000-hour fuel moisture, May-Oct (%) 

r2 = 0.74 

E0-fuel load 

relationship across 

S. California GACC 
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Summary 
E0 and drought: 
 

Physically rational relationship to drought 

More readily available than ET (than Prcp, often) 
o latency can be significant 

Permits decomposition of evaporative drought drivers 

E0 (and EDDI, drought) is forecastable (McEvoy et al., GRL 2016) 
 

Evaporative Demand Drought Index (EDDI): 
 

Examines drought from demand side 
o E0, not Prcp 

Near-real-time drought monitoring and early warning 
o agricultural drought 

o hydrologic drought 

o fire-weather prediction 

Multi-scalar in time and space 

Aggregation window may be calibrated for: 
o early warning relative to other monitors, 

o demands specific to hydroclimates, and sectors. 
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E0 / ET interactions in drought 

ET and E0 vary in a parallel direction: 
 

• ET and E0 up due to increases in 
advection or energy availability, 

• moisture may not be limiting. 

ET and E0 vary in complementary directions: 
 

• ET down due to moisture limitations, 
• E0 up due to energy balance favoring        

H over ET. 

Flash drought - energy driven Sustained drought - water limited 

ET H ET H Rd Lu aRd Rd Ld Lu 
aRd Ld 

In both drought types, 

E0 increases. 
 

In both drought types, 

E0 increases. 
 

(Hobbins et al., 2004) 
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EDDI and hydrologic drought 
12-month SRI vs. 6-month EDDI 

EDDI time scale 
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• At 5 sites, 6-month EDDI (Nov-Apr) shows strongest relationship to SRI. 

• October-April E0 explains greatest variance in WY streamflow (i.e., Oct 1-Sep 30). 

• Highlights EDDI’s predictive capability. 

EDDI contains no 

Prcp information! 
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Rigorous E0 variability analysis 
MJJASO variability contributions, daily ET0, by driver 

2-m air 
temperature 

10-m 
wind speed 

SW 
downwards 

Specific 
humidity 

Hobbins et al., Trans. ASABE, 2016 
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January February March April May June July August September October 

Rigorous E0 variability analysis 
Top driver of daily variability, by month 

November December 

Hobbins et al., Trans. ASABE, 2016 
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EDDI as a leading indicator of drought 

USDM lead or lag over EDDI (weeks, months) 
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USDM leading EDDI EDDI leading USDM 

6- to 7-month EDDI 
predicts USDM      
2-3 months ahead 
with r = 0.6. 

Sacramento River basin, CA Drought in the Midwest 

Optimizing EDDI window-length is 
straightforward. 
 
Here, EDDI is optimized against USDM 
for the Sacramento River basin. 
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Deterministic forecast: 
– no ensemble forecasts 

Time-and space specs: 
– 1- to 7-day lead time 

– 24-hour periods run 6z to 6z 

– HRAP grid (~2.5 kms) 

Penman-Monteith (ASCE): 
– 12-cm grass reference crop 

Drivers: 
– sensible weather elements from coupled NWPs 

• Tmax, Tmin 

• RHmax, RHmin 

• 10-m wind speed 

• Sky (cloud cover %) 

FRET – in a nutshell 

drivers forecasted by loading data from a model (or 
blend of models), expertly tweaked for consistency 
with neighboring WFOs / specific local conditions, 

- e.g., for wind: may load local WRF data and 
then increase areas in the Delta for Delta breeze. 

Forecast estimate of ET0 for 24-hour period: 
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Forecast: 

1-day FRET 

Anomaly: 

FRET1d – ET0 

Short-term forecasting of ET0 
Example forecasts, 1-day FRET 

Aug 29, 2013 - cool Aug 24, 2013 - hot 
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  2012 Water Year   2012 Summer 

FRET  
forecast period 

BIAS 
(in/day) 

MBE 
(-) 

MAE 
(in/day)   

BIAS 
(in/day) 

MBE 
(-) 

MAE 
(in/day) 

1-day 0.006 0.18 0.029 0.015 0.07 0.036 

3-day 0.006 0.18 0.028 0.015 0.08 0.034 

5-day 0.006 0.18 0.028 0.013 0.08 0.032 

7-day 0.004 0.17 0.028   0.012 0.07 0.032 

Short-term forecasting of ET0 
FRET verification 

Water year (WY) and summer FRET ET0 vs. CIMIS observations 

FRET – CIMIS observation for 48 stations 

> 80% of FRET values within 
0.05 in/day of observed ET0 

for all forecast periods.  

FRET has slight +ve bias wrt 
observed ET0, increased 
bias in summer. 

1-day 3-day 5-day 7-day 

 WY, 1-day  WY, 7-day Summer, 1-day Summer, 7-day 
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Correlation coefficients between EDDI and SPI at (a) 1-month, (c) 6-month, and (e) 12-month time scales and 

between EDDI and SSI at (b) 1-month, (d) 6-month, and (f) 12-month time scales. Correlations were computed at 
each grid point for 1979–2013 over each month (n 5 35) and then averaged over all months in each time scale. 
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Evolution of USDM, 1-month EDDI, 1-month ESI, 1-month SSI, and 1-month SPI in spring to summer of 2012. 

USDM data are from (a) 1 May, (b) 5 Jun, (c) 3 Jul, and (d) 31 Jul 2012. (e)–(h) EDDI, (i)–(l) ESI, (m)–(p) SSI, and 

(q)–(t) SPI are at 1-month time scales at the end of each month. All drought metrics have been converted to 
USDM categories. 
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Spatial comparison of drought metrics across the western United States. (a)–(d)USDMon 25 Jun 2002, 2 Oct 2007, 

31 Mar 2015, and 1 Sep 2015; (e)–(h) 6-month EDDI in June 2002, 12-month EDDI in September 2007, 6-month 

EDDI in March 2015, and 6-month EDDI in August 2015; (i)–(l) 6-month SSI in June 2002, 12-month SSI in 

September 2007, 6-month SSI in March 2015, and 6-month SSI in August 2015; and (m)–(p) 6-month SPI in June 

2002, 12-month SPI in September 2007, 6-month SPI in March 2015, and 6-month SPI in August 2015. 
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Area-averaged time series of EDDI over the northern Sierra Nevada from 1979 to 2014 aggregated at (a) 2-week, 

(b) 1-month, (c) 3-month, (d) 6-month, and (e) 12-month time scales. Red boxes highlight the four most prominent 
hydrologic droughts during the time period. 


