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I.BACKGROUND KNOWLEDGE

FOR DROUGHT d‘é




DROUGHT? - o

Naturally occurring
process:

* Depletion of water
resources

* Hydrological cycle

Adverse effects:
* Loss of crops

Intensity
: . [] DO Abnormally Dry e
- Socioeconomic sectors [ D1 Drought- Moderate ' Doinestes dominaninpacis

Orought Impact Types.

S = Shont-Term, typically <6 months
- [ D2 Drought - Severe . D
($35 billion Central U.S. 2012) Bl O30rught-Extreme 0 “ocuiire, grassiends)
I D4 Drought - Exceptional f=hong-Tenm, ypla e 20 onie
° Landscapes g P (e.g. hydrology, ecology)
The Drought Monitor focuses on broad-scale conditions, o &
. . . Local conditions may vary. See accompanying text summary i
Multi P le time scales: for forecast statements Released Thursday, July 26, 2012
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oMeteorological

Deficit in precipitation

oHydrological

Deficit becomes large

oAgricultural

Deficit during growing season

OSocioeconomic TYPES OF DROUGHT

Economic goods and services
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ESSENCE OF
DROUGHT

(]
Meteorological Drought vos
¢+ ++  Decreased precipitation, increased temperature, and increased evapotranspiration

An extended imbalance
between moisture supply

and cemanc. hydrologic, agricultural,

socio-economic

Supply: -ty -
* Precipitation (Prcp)
* Incoming streamflow

* Groundwater in

Demand:

* Evaporation & Transpiration (ET)

* Runoff (RO)

* Groundwater out
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ABBREVIATIONS AND
THEIR NATURES

ET: Evapotranspiration
‘evaporation’ and ‘transpiration’.

Evaporation: surface water —
water vapor

Transpiration: evaporation from
plant leaves. Metabolic system of
plants.

A corn plant, 300kg soil water, 99%
by transpiration. What a pump!!!

E,: Potential ET (evaporative
demand)

The “should be” value of ET under
E:Jertaln surface conditions (T, , q,
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ABBREVIATIONS AND
THEIR NATURES

SPI: Standardized Precipitation
index

Most widely used index for precipitation.
ESI: Evaporative Stress Index

Ratio of ET over E,. Based on satellite
data.

USDM: U.S. Drought Monitor

Well-known operational drought-
monitoring tool

NLDAS-2: North American Land
2Data Assimilation System phase

Ground data assimilation system. Lag in
only 5 days.

(a) Location of stations and
NLDAS-2 Noah soil porosity (m*/m?)

z9
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(b) Location of stations and

NLDAS-2 Noah 25 cm soil temperature (°C)
on 10 February 2007
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2.FLASH DROUGHT




“FLASH™!I

*The speed which it
develops.

Drought often takes months or
years to reach its full intensity.

But recent events have shown
that it can develop very rapidly if
extreme weather anomalies
persist.

What condition ?

A flash flood can be caused by
sudden heavy rainfall.

Suddenness of drought?

~Marena, OK Phenocam - 01 July 2012 Marena, OK Phenocam - 11 August 2012

(b)

Marena, OK Phenocam - 01 July 2014 Marena, OK Phenocam - 11 August 2014
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*Key features of flash drought

Intensification rather than Duration.

*Derivation of evaporative demand -- E,

Cn

0.408A 86400 Yo ecqr — €
Ey = (4L, —G)——+ ar =2
A+y(A+CyiU) 10 A+y(A+Ca0) 10

Driven by:
A : slope of 2m saturated vapor pressure-temperature curve.
T, air temperature.
U: wind speed.
. net radiation.
e.. & e,: saturated and actual vapor pressures.
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Ey & ET

*Precipitation deficit is just

one of the several factors.

*Enhanced evaporative

demand.

High temperature
Low humidity
Strong winds
Sunny skies

*Most likely occur during
the growing season.

Above Average

Atmospheric ¢

Demand
Below Normal >
Precipitation
*» Microwave Soil Moisture
Remote
Sensing Time Thermal Infrared Based
Scales for  p—> Evapotranspiration
Drought Early
Warning Visible / Near Infrared
Vegetation Health
| ] 1 1 >
Time ; - . . . .
Decreasing Soll Decreasing Deteriorating || Agricultural
Moisture Content Evapotranspiration || Vegetation & Drought
Due to Enhanced Due to Low Root- Ecological
Evapotranspiration || Zone Soil Moisture Health
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ENERGY-LIMITED VS.
WATER-LIMITED

*The role of E; :

oDetermining ET
or
oReflective of ET

‘Land-atmosphere feed backs:

ET | -- sensible heat flux 1 -- vapor
pressure deficit 1 -- Eg 1

*Water-limited:
‘Energy-limited: flash drought
(even with enough Prcp)
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3. THE EVAPORATIVE DEMAND
DROUGHT INDEX (EDDI)




EDDI FORMULATION

* E; probabilities

i — 033
P(Eo;) = n+0233

P(E,,): probability of E; .
i: rank of E, in the historical time series.
n: number of observations being ranked.

* EDDI

Co + C,W + C,W?
EDDI =W —

1+d,W+d,W? +d; W3

For P(E;;) < 0.5, W = \/—Zln[P(Eoi)],
For P(Ey,) = 0.5, W = \/—2 In[1 — P(E,,)]|, reverse the sign of EDDI.

* Positive EDDI — Drier than normal

(Wilks 2011,
Vicente-Serrano et

al. 2010)




EVALUATION
APPROACH

*Four basins from across
US.

Russian River basin near
Ukiah, California.

Has a wet winter and a hot
dry summer climate.

*Current River basin at
Doniphan, Missouri.

Forested area in the
agricultural Midwest, has a
rainfall-dominated climate.

Allegheny River at Natrona, PA

Current River at Doniphan, MO

e

FIGURE FROM (HOBBINS FT AL 2016)
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EVALUATION
APPROACH

- EDDI against USDM

*DATA Sources

Derive EDDI: NLDAS-2

Precipitation: Parameter-Elevation Regtressions on Independent Slopes Model (PRISM).
Runoff: U.S. Geological Survey (USGS).

Soil Moisture: Variable Infiltration Capacity model driven by NLDAS-2 forcings

ET: Atmosphere-Land Exchange Inverse (ALEXI) surface energy balance algorithm model
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DECOMPOSING
EVAPORATIVE

DEMAND

Variation in Ey as a function of the driving variable
anomalies (the sensitivity of E, to them):

ST ATgiy + 22 Aq 52 ARy + 20 AU

AEO — aRd

0 air

RHS: contribution to Ey by each driving variable.
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Russian basin 2010-2013

VERIFY THE S
Long-term drought in California since 2011.

R E |_ AT I 0 N S H I P Suitable for investigation in linkages between water
balance components.

BETWEEN
ET AND £, [y

Energy-limited: parallel ET-E,
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4. ASSESSMENT AMONG OTHER

INDEXES “




FULL NAMES

USDM: U.S. Drought Monitor

EDDI: Evaporative demand index

ESI: Evaporative Stress Index

SSI: Standardized Soil Moisture Index

SPI: Standardized Precipitation Index
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I-MONTH
SPRING TO
SUMMER, 2012

Central US




5. SUMMARY «‘»




CONCLUDING REMARKS

Flash Drought: droughts that develop much more

rapidly than normal.
Impact factors:
I. Surface anomalies forcing.

2. Vulnerability of the plants.
3. Not always have to be a precipitation deficit.

EDDI: A drought index based on E, alone.

Key rationale:
E, reflects drying anomalies through feedbacks with ET.

Strengths of EDDI:

I. Early warning

2. Independent from Prcp- and SM-

3. Based on reanalysis data

4. Utility in different drought dynamics
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THANK YOU!

Questions?



