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Background 

≈ ≈ 
DROUGHT IMPACTS 
Comparable damages and losses to other 
weather-related disasters 

Unlike EWS for short time-scale  
hazards (e.g., flood, flash flood),  
DEWS should be able to produce  
warning signal from sub-season 
up to seasons. 

Improvement of SEASONAL 
weather forecasting system 

DEWS is required to reduce  
the drought impacts 

One of Sendai’s DRR  
global targets 

Sources: Poljansek et al., 2017, Stahl and Hisdal, 2004, & ECMWF 



Background 

World drought monitoring and EWS 

Source: Pozzi et al. (2013) 

•  Most do not 
produce seasonal 
DEWS. 

•  Based on 
meteorological 
drought forecasts 
(SPI-x). 

•  Hydrological 
drought forecasts 
(soil moisture 
anomaly & 
streamflow). 

•  Skill is encouraging 
for first 3 months 
dependent on 
region, season, & 
variables. 
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fied first approximation of the system—the GDMP, 
whose development continues under the new GEO 
2012–15 work plan.

Across another front, the World Meteorological 
Organization (WMO), the United Nations (UN) 
Convention to Combat Desertification (UNCCD), 
and UN agencies are promoting the development 
of national drought policies and integrated drought 
management that support changing the approach 
of communities and countries from reactive crisis 
management to proactive risk management. These 
measures include effective monitoring and early 
warning systems to deliver timely information to 
decision makers, effective impact assessment pro-
cedures, proactive risk management measures, and 
preparedness plans aimed at increasing the coping 
capacity. To address these issues, a high-level meet-
ing on national drought policies was organized in 
Geneva on 11–15 March 2013. The WMO and the 
Global Water Partnership Integrated Drought Man-
agement Program (IDMP) have plans to develop a 
drought knowledge base that is potential component 
of the GDEWF.

Another example of a building block is the 
European Union Seventh Framework Global Water 
Scarcity Information Service (GLOWASIS), which 

enhances seasonal meteo-
rological and hydrological 
forecasting through the use 
of improved monitoring data 
from in situ and satellite 
products. The GLOWASIS 
portal also displays global 
maps of water scarcity and 
water stress, identifying sites 
where user demands for wa-
ter outstrips supply.

Further impetus is being 
provided by the multipart-
ner World Climate Research 
Program (WCRP) workshop 
that was convened in Frascati, 
Italy, in April 2012 to discuss 
the needs and steps necessary 
for the first developmental 
stage of a GDEWF, which was 
named the Global Drought 
Information System (GDIS). 
The workshop was equally 
divided among user group 
and drought information 

service providers on the one hand and, on the other, 
scientists who presented the latest research on drought 
monitoring and forecasting technologies and under-
standing of drought mechanisms, particularly for 
some high-profile drought and heat wave episodes. 
The workshop participants recommended the follow-
ing as basic elements of a GDIS: 1) an experimental 
real-time global monitoring and prediction system; 2) 
a drought catalogue summarizing our understanding 
of worldwide drought; and 3) a research component 
centered on internationally coordinated case studies 
of recent high-profile droughts.

TOWARD THE GLOBAL DROUGHT EARLY 
WARNING FRAMEWORK. The Global Drought 
Early Warning System aims to add an overarching 
global component to existing regional and national 
drought monitoring and forecasting capabilities. Such 
a network and partnership of drought experts across 
the world will provide a framework to consistently 
improve forecasts and ongoing monitoring efforts, 
while assembling and further improving available 
forecasts at a supernational level. The GDEWS will 
also, in multimodel mode, display and make available 
estimates of model uncertainty and varying model 
skill with regard to droughts of a different nature and 

FIG. 5. The conceptual framework for a Global Drought Early Warning System 
(GDEWS). The system follows a bottom-up approach that merges real-time 
information from national and regional systems along with global coverage 
from remote sensing and modeling into a global system. The (NCDC) Global 
Drought Monitoring Portal (GDMP) is shown in the center, which is the cur-
rent operational demonstration of such a global drought information system.



Data and method 

•  Using SPI-x, SPEI-x, 
SRI-x, and SGI-1. 

•  Using variable 
threshold method on 
runoff, discharge, 
groundwater, & soil 
moisture. 

•  Providing the drought 
characteristics 
(duration, deficit 
volume, onset, & 
termination). 

•  Providing resolution 5 
x 5 km (pan-EU maps). 

•  Providing areal drought 
indices. 

DEWS in ANYWHERE: 

For more information: http://anywhere-h2020.eu/catalogue/ 
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METHODS	AND	DATA	
All	 the	 hydrological	 variables	 used	 in	 the	 study	 were	 simulated	 using	 the	
LISFLOOD	model	fed	by:	1)	the	ECMWF	SEAS	re-forecast	S4	downscaled	to	5	x	5	
km	 (680	 x	 810	 grid	 cells,	 longitude	 x	 latitude)	 to	 produce	 the	 forecasted	
hydrological	variables,	and	2)	gridded	meteorological	observations	into	5	x	5	km	
grid	cells.	The	output	of	the	latter		(LISFLOOD-WB	simulation)	is	used	as	a	proxy	
for	 observed	 hydrological	 variables.	 The	 variables	 obtained	 from	 LISFLOOD	
seasonal	 reforecast	 and	 LISFLOOD-WB	 simulation	 are	 used	 to	 determine	 the	
drought	events	both	observed	and	 forecasted.	The	 flowchart	 to	 summarize	 the	
Method	 and	 Data	 section	 is	 presented	 in	 Figure	 3	 and	 a	 more	 detailed	
explanation	is	described	below.	
	

	
	
Figure	3.	Flowchart	for	the	drought	forecasting	skill	analysis.		
	
ECMWF	 IFS.	 The	 European	 Centre	 for	 Medium-Range	 Weather	 Forecasts,	
Integrated	 Forecasting	 System	 (ECMWF	 IFS)	 covers	 the	 global	 domain	 and	
consists	 of	 several	 models	 to	 simulate	 different	 parts	 of	 the	 water	 cycle:	 an	
Atmospheric	 General	 Circulation	Model	 (AGCM),	 a	 Land	 Surface	 Model	 (LSM),	
and	Ocean	General	Circulation	Model	(OGCM),	and	perturbation	models	for	data	
assimilation	 (EDA)	 and	 forecast	 ensembles	 (ENS).	 The	 ECMWF	 IFS	 produces	
several	 forecast	products	with	different	spatial	and	temporal	resolutions.	Since	
we	are	interesting	in	longer	lead	times	for	drought	forecasts,	we	use	the	recent	
ECMWF	IFS	seasonal	(SEAS)	forecasting	system	(ECMWF	SEAS	S4).	This	product	
has	configurations	with	lead	times	up	to	7	months	ahead	at	a	spatial	resolution	
of	 ~80	 km	with	 51	 ensemble	members39.	 Due	 to	 the	 coarse	 resolution	 of	 the	
ECMWF	SEAS	product,	 the	ECMWF	SEAS	data	are	downscaled	to	the	LISFLOOD	

EU drought 2003 
No drought: 1 
Mild: 2 
Moderate: 3 
Severe: 4 
Extreme: 5 



Meteorological drought forecasting skill 

Forecasted SPI-6 done on January 2003 for median of ensembles, observed, and drought class 
difference with lead time of 3 months (winter, left), and done on July 2003 (summer, right) 

Winter Summer 



Meteorological drought forecasting skill 

Comparison of the drought classes derived from the median ensemble forecasts and observed 
for the pan-EU drought 2003. Skills for SPI-x (% of cells that agree/disagree). 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Winter	(DJF)

none 47.6 36.7 34.9 46.6 44.1 67.8 44.9 33.4 38.7 40.8 80.4 69.4 54.7 52.2 42.4 85.8 76.1 68.3 67.7 63.3
+1 18.7 8.5 11.8 6.1 6.0 10.4 14.8 14.8 8.0 3.8 8.6 9.5 11.1 6.4 7.0 6.3 8.3 7.4 5.0 4.8
+2 1.3 0.2 0.1 0.0 0.1 1.5 1.8 0.8 0.2 0.1 0.5 1.2 0.8 0.4 0.5 0.1 0.6 0.6 0.5 0.4
+3 0.3 0.0 0.0 0.0 0.0 0.3 0.3 0.2 0.1 0.0 0.0 0.1 0.3 0.1 0.1 0.0 0.0 0.1 0.1 0.1
+4 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-1 19.1 30.5 35.1 35.8 28.2 15.7 26.5 27.7 30.2 37.6 10.1 18.1 24.0 26.0 34.0 7.8 14.4 21.1 23.7 26.7
-2 5.8 11.0 10.0 7.3 11.1 3.9 8.2 13.3 12.1 10.2 0.3 1.6 6.8 10.3 10.1 0.0 0.5 2.3 2.9 4.2
-3 4.3 7.0 4.3 3.1 6.8 0.4 3.0 7.2 7.8 5.2 0.0 0.1 2.1 4.0 4.2 0.0 0.0 0.0 0.1 0.4
-4 2.9 6.0 3.6 1.0 3.7 0.0 0.5 2.5 3.0 2.3 0.0 0.0 0.1 0.6 1.5 0.0 0.0 0.0 0.0 0.0

Spring	(MAM)
none 42.8 43.2 42.3 44.6 42.2 50.9 36.7 38.9 40.1 42.3 71.4 52.2 43.0 39.2 39.7 85.3 73.4 65.0 59.2 54.9
+1 7.6 5.0 10.7 11.0 17.1 7.9 6.7 4.7 6.9 10.9 5.9 6.1 6.9 6.5 5.7 3.7 4.3 5.3 5.9 6.5
+2 0.4 0.1 0.4 0.8 1.2 0.8 0.3 0.3 0.8 2.3 0.4 0.5 0.4 0.5 0.6 0.0 0.3 0.3 0.4 1.5
+3 0.1 0.0 0.0 0.2 0.2 0.2 0.1 0.1 0.1 0.5 0.0 0.0 0.1 0.1 0.2 0.0 0.0 0.0 0.0 0.0
+4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
-1 31.4 33.5 29.5 27.8 26.5 31.1 32.7 35.4 32.7 28.4 20.7 30.0 32.5 33.0 32.9 10.9 21.0 25.6 28.5 31.4
-2 9.3 10.2 9.3 8.7 7.1 7.8 14.4 11.5 10.8 8.7 1.4 9.3 11.4 12.3 11.0 0.0 0.9 3.5 5.3 5.7
-3 5.0 5.3 5.1 4.3 4.1 1.3 7.3 6.4 6.1 4.7 0.0 1.6 4.7 6.4 6.4 0.0 0.0 0.2 0.6 1.0
-4 3.4 2.6 2.7 2.5 1.6 0.1 1.9 2.5 2.4 2.1 0.0 0.1 0.9 1.8 3.3 0.0 0.0 0.0 0.0 0.0

Summer	(JJA)
none 40.8 42.7 46.7 44.5 40.8 57.1 49.1 45.2 43.4 43.3 61.7 54.9 51.9 46.0 46.5 75.2 68.3 62.2 56.7 50.5
+1 13.6 14.4 21.6 17.6 29.7 11.4 12.9 16.0 20.1 25.2 10.5 11.5 15.0 17.4 19.6 8.6 8.4 13.4 14.9 18.8
+2 1.1 1.2 1.2 0.9 1.7 1.6 2.3 2.9 3.6 3.8 1.1 1.8 2.9 3.9 3.6 0.7 0.5 0.8 2.2 3.2
+3 0.2 0.2 0.2 0.1 0.3 0.2 0.4 0.6 0.8 1.8 0.2 0.3 1.0 1.5 1.8 0.0 0.0 0.0 0.2 0.3
+4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.1 0.5 0.0 0.0 0.4 0.3 0.7 0.0 0.0 0.0 0.0 0.1
-1 29.5 28.1 18.9 27.0 21.8 24.3 24.6 22.4 22.5 19.8 23.2 23.4 20.4 22.0 18.8 14.6 20.0 20.9 21.5 20.4
-2 8.5 7.1 6.2 6.5 4.3 4.3 7.0 7.0 5.4 3.3 2.9 6.3 5.6 5.9 5.7 0.8 2.4 2.4 3.8 5.0
-3 4.2 4.0 3.7 2.4 1.2 1.0 3.1 4.0 2.6 1.4 0.3 1.7 2.4 2.5 2.6 0.0 0.3 0.3 0.7 1.6
-4 1.9 2.0 1.5 0.8 0.1 0.1 0.6 1.7 1.5 0.8 0.0 0.1 0.2 0.5 0.7 0.0 0.0 0.0 0.0 0.1

Autumn	(SON)
none 51.1 47.6 47.3 53.0 55.6 69.2 60.4 51.0 55.0 58.8 73.4 66.0 64.0 63.0 63.6 81.2 72.7 68.2 65.1 64.4
+1 16.8 19.3 20.4 20.0 15.7 13.3 17.0 21.6 22.9 21.1 12.4 14.9 15.3 18.0 18.2 8.4 11.3 13.8 15.5 15.1
+2 1.1 0.4 0.6 0.4 0.7 1.2 1.3 1.9 1.3 0.9 0.8 1.5 1.6 1.3 1.1 0.1 0.6 1.1 1.3 1.3
+3 0.1 0.1 0.1 0.1 0.0 0.1 0.2 0.5 0.4 0.2 0.1 0.3 0.3 0.3 0.4 0.0 0.0 0.1 0.1 0.3
+4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
-1 22.2 26.7 26.4 21.4 21.8 14.8 18.2 22.3 19.1 18.2 12.9 14.4 15.6 15.1 15.4 10.1 14.1 14.4 15.6 16.5
-2 6.4 4.5 4.3 4.0 4.7 1.1 2.1 2.0 1.0 0.6 0.5 2.5 2.5 1.8 1.0 0.1 1.1 2.1 2.1 2.0
-3 1.9 1.1 0.8 0.7 0.9 0.1 0.7 0.4 0.1 0.1 0.0 0.3 0.6 0.4 0.2 0.0 0.0 0.2 0.2 0.3
-4 0.3 0.3 0.1 0.4 0.4 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0

Season
Class	

difference

The	percentage	of	areas	affected	by	drought	for	different	SPI	indices,	lead	times,	and	seasons
SPI-1	with	lead	times	of SPI-3	with	lead	times	of SPI-6	with	lead	times	of SPI-12	with	lead	times	ofGreen colors indicate high 

forecasting skill, yellow colors 
indicate medium forecasting 
skill, & red colors indicate low 
forecasting skill 

The skill becomes higher 
with increase of SPI 
accumulation period 
(increase of antecedent 
memory). 

- = forecast<observed 
+ = forecast>observed  



Hydrological drought forecasting skill 

Forecasted drought on discharge done on January 2003 for median of ensembles, observed, 
and drought class difference with lead time of 3 months (winter, left), and on July 2003 
(summer, right) 



Hydrological drought forecasting skill 

Comparison of the drought classes derived from the median ensemble forecasts and observed 
for pan-EU drought 2003. Skills (% of cells that agree/disagree). 

Green colors indicate high 
forecasting skill, yellow colors 
indicate medium forecasting 
skill, & red colors indicate low 
forecasting skill 

1 2 3 4 5 1 2 3 4 5 1 2 3 4 5 1 2 3 4 5
Winter	(DJF)

none 94.9 87.1 79 79.7 82.9 90.4 85.8 78.5 79.6 84.1 94.3 90 85.6 88.2 90.5 91 83.8 78.7 82.5 85.7
+1 3.23 6.77 9.27 6.43 2.17 5.37 5.9 9.77 8 3.03 3.97 6.4 7.53 4.1 1.37 3.27 5.53 4.47 2.83 0.73
+2 0.17 0.47 0.83 0.5 0.13 0.03 0.07 0.23 0.37 0.33 0.07 0.17 0.3 0.2 0.1 1.17 1.93 1.9 1.47 0.5
+3 0.03 0.1 0.13 0.07 0 0 0 0.03 0.1 0.03 0.03 0.07 0.1 0.07 0 0.73 0.97 1.37 0.97 0.3
+4 0 0 0 0 0 0 0 0 0.03 0 0 0 0.07 0.03 0 0.97 2.53 6.53 3.87 1.23
-1 1.67 5.47 10.6 13.1 14.5 4.13 8.2 11.5 11.9 12.4 1.73 3.47 6.5 7.5 8.03 1.57 3 3 2.67 2.97
-2 0 0.03 0.1 0.2 0.23 0 0 0 0 0 0 0 0.03 0.1 0.07 0.6 1.17 1.87 2.1 2.7
-3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.4 0.57 1.33 2.03 3.03
-4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.23 0.4 0.83 1.53 2.63

Spring	(MAM)
none 84.2 74.3 73.5 71.4 72 82.6 77.7 82.3 80.9 78.6 89 85.3 87.5 87.7 89 81.3 77.6 79.7 78.4 80.6

+1 6.33 5.97 3.5 2.53 3.57 7.83 5.7 1.77 2.2 5.1 6.5 4.03 1.57 1.53 2.1 4.17 1.73 0.9 1.1 1.67
+2 0.1 0.3 0.03 0 0.03 0.1 0.3 0.2 0.03 0 0.07 0.13 0.07 0 0 2.17 1.17 0.57 0.2 0.43
+3 0 0.03 0 0 0 0 0.07 0.07 0 0 0 0.03 0.03 0 0 1.4 0.93 0.27 0.2 0.2
+4 0 0 0 0 0 0 0 0.03 0 0 0 0 0 0 0 3.87 4.43 1 0.27 0.3
-1 9.27 19 22.5 25.2 22.9 9.37 16.3 15.6 16.8 16.2 4.37 10.1 10.3 9.83 7.77 3.33 3.77 4.8 5.87 6.3
-2 0.1 0.33 0.47 0.77 1.37 0 0 0 0 0 0 0.07 0.1 0.07 0.03 1.7 3.5 4.13 4.8 4.23
-3 0 0 0 0 0.03 0 0 0 0 0 0 0 0 0 0 1.17 3.57 4.4 4.67 3.47
-4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.87 3.2 4.23 4.13 2.37

Summer	(JJA)
none 81.6 72.6 73.9 76.4 77.8 85.9 79.5 76.6 76.6 76.8 92.4 90.5 90.8 91.3 90.2 79.6 79.4 83.5 87.1 88.3

+1 4.73 6.03 7.13 8.93 10.6 4.67 6.03 9.5 10.1 12.2 2.73 3.27 3.8 3.83 5.3 2.63 2.73 3.03 2.63 2.7
+2 0 0 0.13 0.33 0.63 0 0 0 0 0.03 0 0 0 0.03 0.1 1.4 1.23 1.43 1.33 1.2
+3 0 0 0 0.03 0.13 0 0 0 0 0 0 0 0 0 0.03 0.83 0.63 0.57 0.5 0.6
+4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.1 0.7 0.7 0.83 1.57
-1 13.5 20.3 17.1 12.7 9.77 9.37 14.3 13.9 13.2 11 4.6 5.77 5.13 4.93 4.67 6.9 6.47 4.8 3.53 2.37
-2 0.13 0.93 1.53 1.43 0.97 0 0 0 0 0 0.03 0.03 0.03 0.07 0.07 3.57 3.7 2.67 2.07 1.53
-3 0 0 0.1 0.07 0.07 0 0 0 0 0 0 0 0 0 0 2.33 2.93 2.07 1.33 1.13
-4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1.63 2.1 1.1 0.53 0.57

Autumn	(SON)
none 89.8 85.3 85.3 86.6 87.1 87.4 84.7 85.7 87.4 86.6 95.1 93.5 92.5 92.1 90.8 89.7 91 90.6 90.4 87.7

+1 6.23 8.2 7.43 6.83 7.03 7.13 7.67 7.53 7.7 9.43 2.3 2.9 4.07 4.7 5.63 2.63 1.73 2.43 2.77 4.37
+2 0.2 0.5 0.57 0.6 0.63 0 0 0 0 0.07 0 0 0.1 0.13 0.17 1.13 0.7 0.87 0.83 1.33
+3 0 0.1 0.2 0.23 0.27 0 0 0 0 0 0 0 0 0 0.03 0.47 0.43 0.33 0.43 0.63
+4 0 0 0 0.07 0.07 0 0 0 0 0 0 0 0 0 0 0.73 0.73 0.77 1 2
-1 3.7 5.53 6.27 5.53 5.87 5.37 7.6 6.63 4.93 3.9 2.63 3.83 3.67 3.37 2.73 3.3 2.23 2.33 2.73 2.53
-2 0.07 0.23 0.17 0.1 0.03 0 0 0 0 0 0 0.03 0 0 0 1.13 1.57 1.23 0.8 0.67
-3 0 0.03 0 0 0 0 0 0 0 0 0 0 0 0 0 0.57 1.03 0.87 0.53 0.27
-4 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0.27 0.53 0.57 0.47 0.37

Season
Class	

difference SM	with	lead	times	of Runoff	with	lead	times	of Discharge	with	lead	times	ofGW	with	lead	times	of
The	percentage	of	areas	affected	by	drought	for	different	lead	times,	and	classes

The long-term memory 
variables (e.g., SM & GW) 
have higher skill than 
short-term memory 
variables (e.g., RO & Di) 

- = forecast<observed 
+ = forecast>observed  



Concluding remarks 

•  Hydrological drought forecasts have higher skill than 
meteorological forecasts (shown by more green colors). 

•  The low predicting skill in hydrological drought in spring may relate 
to the timing of snow melting associated with poor skill in 
temperature prediction, simplification snow module, & coarse 
elevation data used by LISFLOOD. 

•  Both drought forecasts underestimate the drought class up to max  
    2 classes lower than observed. 
•  Clearly, the skill of meteorological drought forecasts improves with 

the increase of antecedent memory (aggregation levels, e.g. 
SPI-12). 

•  The hydrological variables with longer memory (e.g., soil moisture & 
groundwater) have higher skill than short-term memory variables 
(e.g., runoff & discharge). 
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