


Background 1 



ABOUT THE DEFINITION OF DROUGHT 

It is reasonable because it drives water shortages in 
general… 

Gimeno et al. (2012) 



ABOUT THE DEFINITION OF DROUGHT 

 Effects of prcp deficit  
could be delayed by 
land-surface processes 

 Tracking-prcp-only strategy 
seems insufficient and 

impractical

 

< Propagation of rainfall deficit (van Loon, 2015) > 



ABOUT THE DEFINITION OF DROUGHT 

1. process-specific 
2. Indicating where & when 
3. predicated upon 

   climatology 

 

A question is 

“Is the conventional  
drought definition  
good for early warning? 

Lloyd-Hughes (2014) 



WHY DO WE NEED EARLY WARNING? 

 The perception implies  
no resource for resources  

managers… 

 

 “Proactive” risk management 
 is essential! 

< Drought preparedness plans by 
National Drought Mitigation Center> 



DEMERITS OF TRACKING PRECIPITATION 



ET & Drought 2 



WHY ET FOR TRACKING DROUGHT? 

 ET is a continuous process (less uncertain) 

 ET is more “process-specific” for identifying 
vegetation and soil moisture status 

 ET anomalies could be drought onsets (early warning) 



EVAPOTRANSPIRATION AS A DROUGHT INDEX 

 Evapotranspiration Stress Index  
(Anderson et al., 2010) 

 Standardized ET Deficit Index 

(Kim & Rhee, 2016; Vicente-Serrano et al., 2018) 

 Evaporative Demand Drought index 
(Hobbins et al., 2016; McEvoy et al., 2016) 

vs. 

Potential ET 
(demand) 

Actual ET 
(consumption) 



A REMOTE-SENSING-BASED INDEX 

 tracks AET/PET 

 indicates 
vegetation status 

 captures rapid onset 
drought development 

 

< Oktin et al., 2013 > 



METEOROLOGICAL-DATA-BASED INDICES 

 tracks PET 

 indicates 
surface dryness 

 can capture onset of  
flash droughts 

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



METEOROLOGICAL-DATA-BASED INDICES 

 tracks AET – PET 

 Indicates water deficit 
& vegetation status 

 captures heat-wave- 
driven droughts 

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

< Kim et al., 2019 > 



COMPLEMENTARITY btw. PET & AET 

 Dryness of a land surface could raise the evaporative 
demand of the lower atmosphere! 

 Raised PET could be a predictor of AET! 

ETD = Energy surplus 

< Surface moisture – ET relation > 

Energy 
limited 

Water 
limited 

< Ramirez et al., 2005 > 



COMPLEMENTARITY btw. PET & AET 

 With the generalized complementary principle 

< Performance  of GCR; Kim et al., 2019 > 



COMPLEMENTARITY btw. PET & AET 

 PET could indicate 
surface dryness with 
no AET estimates 

 It could supplement  
tracking precipitation! 

< McEvoy et al., 2016 > 



COMPLEMENTARITY btw. PET & AET 

 Heat-wave-driven droughts could be onsets of  
lasting water-deficit-driven droughts 

< McEvoy et al., 2016 > 



COMPLEMENTARITY btw. PET & AET 

 ET can reappear  
as precipitation! 

 ET deficits captures 

vegetation status 

< Kim et al., 2019 > 



COMPLEMENTARITY btw. PET & AET 

 AMO, PDO, and Mean temp. are major controls of ET 
and prcp. deficits over CONUS 

< Kim et al., 2019 > < McCabe et al., 2004 > 



OPERATIONAL 
USES 3 



MERITS OF ET-BASED DROUGHT MONITORING 

 “Solar rad.”, “Mean Temp.”, “Humidity”, and “wind speed” 

 

 to identify surface dryness 

 to detect heat-wave-driven drought onsets 

 to find vegetation stress 

 to link to teleconnected modulators 
 



LIMITED OPERATIONAL USE! 

Vegetation (RS) 

PDSI 

SPI 

Streamflow 

Soil moisture 

VHI 

< https://droughtmonitor.unl.edu; accessed on Aug-12/2019 > 



LIMITED OPERATIONAL USE! 

Low flow 

Precipitation 

< https://edo.jrc.ec.europa.eu; accessed on Aug-12/2019 > 

Temperature 

Soil moisture 

Vegetation 



SOME EXAMPLES 

< https://hrsl.ba.ars.suda.gov > < https://www.esrl.noaa.gov/psd/eddi > 

USDA ESI ARCHIVE NOAA EDDI ARCHIVE 



SUGGESTIONS 
FOR FUTURE 4 



CAN THE GENERAL DEFINITION BE PRACTICAL? 

(a) precipitation deficits become divergent 

(b) precipitation deficits could be remote from “specific” 
processes 

(c) precipitation deficits may not indicate exact 
“locations” and “timing” of water deficits 

 

Nevertheless, operational drought monitoring over-
relies on precipitation anomalies 



LESSONS FROM CLIMATE CHANGE STUDIES 

(a) HIGH UNCERTAINTY  
& AMBUGUITY 

(b) UNCLEAR LOCATIONS  

& TIMING  

 

Policymakers are of 

  “Risk-averse” behaviors! 

 LIMITED ACTIONS  

   FOR MITIGATION &  

   ADAPTATION 

 



WHAT IF THE GENERAL DEFINITION REMAINS? 

(a) cloud the concept of water deficits 

(b) cause unclear identification of location and timing of 
water deficits 

 

 Isn’t it likely to cause no actions for drought risks? 
     Why not use estimates of specific processes for 

     drought identification? 

 

 



PREDICTABILITY OF ET MAY BE HIGHER 

 Rainfall generation 
requires 
a. cooling of air 

b. condensation on 
    nuclei 
c. growth of droplets 
d. importation of 

    water vapor 

 ET occurs continuously 
on land surfaces 

< Predictive skills of ET0 and prcp  
(CFSv2); McEvoy et al., 2016> 



FOR PROACTIVE DROUGHT RISK MANAGEMENT 

 
< Kim et al., 2019 > 



Questions?  d.kim@apcc21.org 


