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precipitation and can pro-
vide warning of heat-related 
droughts, as evidenced by 
successful predictions of 
summer heat waves for the 
Russian Federation in 2010 
and Europe in 2003.

Global drought information 
integration and delivery. The 
third component is the inte-
grated drought information 
system backbone into which 
the various components of 
the GDEWS are connected, 
which provides a consis-
tent framework to combine 
different layers of drought 
information crossing differ-
ent spatial and time scales. 
As a consequence of regional 
characteristics in climate 
and ecosystems, each coun-
try has its own set of core 
indicators for operational 
drought monitoring, result-
ing in systems that differ 
from country to country. 
These different monitor-
ing methodologies and the 
drought indicators of each 
of these individual systems 
must first be integrated. This 
is the precursor to the sec-
ond step of importing these 
underlying systems into the 
Integrated Drought Infor-
mation System (IDIS), and 
subsequent steps to repack-
age the drought information 
to make it more valuable to 
users. This second step, for 
example, allows geographic 
information system (GIS) 
tools to be combined with 
data mining and visual-
ization tools to assemble 
a holistic view of drought 
episodes occurring simul-
taneously across the world, 
illustrating their impacts 

Fig. 2. Examples of drought monitoring and assessment for the drought of 2006 
in eastern Africa from a variety of satellite remote sensing and model products, 
many of which are now operational and can contribute to a global drought 
monitoring system. (a) Normalized Difference Vegetation Index (NDVI) from 
the Global Inventory Modeling and Mapping Studies (GIMSS) Advanced Very 
High Resolution Radiometer (AVHRR) product. (b) Precipitation anomaly from 
the Tropical Rainfall Measuring Mission (TRMM) Multi-Satellite Precipitation 
Analysis (TMPA) satellite-based product. (c) Evapotranspiration anomaly derived 
from the Surface Radiation Budget (SRB) product. (d) Water storage anomaly 
from the Gravity Recovery and Climate Experiment (GRACE) gravimetric 
satellite sensor. (e) Soil moisture percentile from the VIC land surface model. 
(f) Soil moisture percentile from retrievals based on the Advanced Microwave 
Scanning Radiometer for Earth Observing System (AMSR-E) satellite sensor.



JUNE 2013|780

on surface, groundwater, and agricultural crop 
production.

An example of this approach to multisystem in-
tegration is the North American Drought Monitor 
(NADM), which merges drought measurements over 
Mexico, the United States, and Canada. The NADM 
began with the U.S. Drought Monitor approach that 
aims to express multiple meteorological, hydrologi-
cal, and agricultural drought indicators and data as 
four categories of increasing drought intensity using 
a percentile ranking. The conversion of a percentile 

scale can be applied to different data sources at a 
given location or even to data from different locations 
stitched together into a larger geographical entity 
(e.g., different nations merged into a continent or 
different continents merged into a global product).

The EDO approach chooses a set of core indicators, 
as selected by a group of key stakeholders, and these 
indicators are subsequently implemented and moni-
tored at local, watershed, national, and subcontinental 
levels. The use of the same indicators permits seamless 
up-and-down scaling between the levels. Examples 
of such core indicators include the Standardized 
Precipitation Index (SPI), soil moisture deficiency 
(or anomaly), and vegetation water stress (fraction of 
absorbed photosynthetic active radiation), to which 
a combined indicator for agricultural drought was 
recently added. Others related to river runoff, ground-
water, and snowpack are under discussion.

This EDO approach is being expanded to include 
the display of Latin American drought-related 
information, using EDO indicators, as part of 
the EuroCLIMA collaboration program between 
Europe and Latin America. Another independent 
South American continent-wide monitoring effort 
has been launched by the Brazilian governmental 
Center for Weather Forecasts and Climate Studies 
(CPTEC), using soil moisture percentiles and SPI, 
combined with 1-month forecasts. The CPTEC ef-
fort, with assistance contacting drought managers 
across South America provided by Argentina SMN, 
has already begun the development of a continental 
Latin American drought network. The EDO and 
NADM approaches have shown possible pathways 
for stitching together detailed drought information 
at local levels to provide drought coverage for an 
entire continent, and the ensuing South American 
coverage can then be made available in the Global 
Drought Monitoring Portal.

The EDO approach is also being extended to the 
continent of Africa. A European-financed project, 
the Seventh Framework Drought Early Warning 
System for Africa (DEWFORA) includes 1) testing 
of a continental African Drought Observatory, using 
the common drought indicators; 2) estimating soil 
moisture anomalies through deployment over Africa 
of the LISFLOOD hydrological model; 3) studying 
drought monitoring and forecast possibilities at river 
basin level in four specific case studies active over 
eastern Africa (Upper Nile basin), southern Africa 
(Limpopo basin), western Africa (Niger basin), and 
North Africa (Oum Er Rbia basin); and 4) medium-

Fig. 3. Distribution of the seasonal forecasts from the 
ECMWF seasonal forecast system of accumulated 
precipitation for (top) Oct–Dec 2010 and (bottom) 
Mar–May 2011 in the Horn of Africa. The shaded areas 
indicate the model climate distribution (dark gray; 
percentiles 30–70) and dry and wet conditions (light 
gray; percentiles 10–30 and 70–90). The horizontal axis 
displays the different forecast initial dates represented 
as box plots extending from the minimum (whiskers) to 
percentiles 10, 30, 70, 90, and maximum. Precipitation 
anomalies are departures from the 1979–2010 mean.
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range and 6-month seasonal forecasts from ECMWF 
seasonal and monthly prediction systems. This fore-
casting work was presented above for the Horn of 
Africa. DEWFORA focuses on eastern and southern 
Africa, and is not an independent effort but rather is 
networked with the climate outlook centers in each 
of these areas. Another building block for an African 
continental-scale drought monitoring system is the 
Princeton University experimental African Drought 
Monitor, installed at the western (Sahel) and eastern 
African (HoA) regional drought-monitoring centers, 
using the variable infiltration capacity (VIC) model 
to screen for soil moisture anomalies. Rather than 
base drought monitoring entirely upon precipitation 
measurements from a very low-density synoptic 
grid, pilot projects are testing whether thermal-band 
evapotranspiration drought indicators (Fig. 2) can 
provide supplemental early warning to the Famine 
Early Warning Systems Network (FEWSNET), for 
crop outlooks in the GEO Global Agricultural Moni-
toring System (GEOGLAM) as well as organizations 
such as Oxfam.

Such continental-scale networks provide the 
prerequisites, out of which combined drought in-
formation may then be imported into the portal 
(Fig. 5). The Global Drought Information System 
(also known as the Global Drought Monitoring Por-
tal [GDMP]), hosted by the U.S. National Integrated 
Drought Information System (NIDIS) at the NOAA 
National Climatic Data Center (NCDC), has pro-
vided a demonstration of the feasibility to construct 
and maintain such a global system, and provides, 
at present, monthly monitoring coverage for North 
America, Europe, Australia, and Africa, and global 
coverage of precipitation deficiency through SPI and 
the Global Historical Climatology Network.

The Global Drought Monitoring Portal is net-
worked through internet web services so that from 
within the portal, users can access and be transferred 
to the regional or national drought monitoring 
centers, where the users can then find much more 
information. At the same time, the GIS capabilities 
of the portal allow different layers of drought infor-
mation crossing different spatial and time scales to 
be reassembled, using auxiliary tools and visualized 
in forms more valuable to users and decision makers 
within each area. Some of the “plug in” capabilities of 
this information system will include 1) the drought 
catalog, showing historical droughts and their causes 
and drivers (which likely will vary from region to 
region); 2) seasonal forecasts of drought development 

and recovery; and 3) maps of drought risk, vulner-
ability, impacts, mitigation, and responses.

INTERNATIONAL COOPERATION FOR 
GLOBAL DROUGHT MONITORING AND 
FORECASTING. Within the last three years, 
considerable progress has been made in bringing 
together the partners and components necessary for 
the development of a Global Drought Early Warn-
ing System. The notion of a GDEWS had been first 
proposed (by Jay Lawrimore, NOAA) at a 2007 Group 
on Earth Observations (GEO) South Africa Plenary 
Meeting, but not until 2010, during the Beijing GEO 
Ministerial Summit, was a demonstration given of 
the feasibility to construct and maintain a simpli-

Fig. 4. Fraction of ensemble members from the ECMWF 
seasonal forecast system indicating moderate drought 
(defined as precipitation below the 30th percentile of 
the model climatology) for (top) Oct–Dec 2010 and 
(bottom) Mar–May 2011 in the Horn of Africa. The 
horizontal axis displays different forecast initial dates.
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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.
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scale. This knowledge will help to improve modeling 
and forecasting tools and help make tools available to 
countries that currently do not have them. Further, 
the partnership provides an impetus to integrate 
new goals of satellite missions and Earth observa-
tions: 1) to reduce uncertainty and biases in areas of 
sparse ground-based grids, and 2) to enable sampling 
and monitoring of multiple stores of water to derive 
more effective, physically based pictures of drought. 
A further goal is to improve speed of delivery for 
early warning, as well as distil and integrate satel-
lite, ground-based, and crop-based meteorological 
and hydrological information having different for-
mats into a unified, user-friendly form to assist in 
drought-related activities and relief efforts across 
the world, along with combined early-warning tools 
and information, global real-time monitoring, and 
harmonized methods to identify critical areas vul-
nerable to drought.

The idea of a GDEWS began in Africa,where it was 
realized that droughts had become so widespread and 
severe that regionally coordinated crisis management 
was warranted. The recognition of the scale of the 
challenge has since expanded from the regional to the 
global, and the role of water as a planetary limiting fac-
tor is becoming increasingly recognized and acknowl-
edged. As crises continue to grow as the result of cli-
mate change and increased human pressure, moving 
toward a more proactive risk-management capability, 
using real-time drought monitoring and forecasting 
at all scales, will help enhance water security, increase 
national resilience, and reduce international conflict.

FOR FURTHER READING
Ali, A., 2012: Drought monitoring and forecasting at 

AGRHYMET, West African region. [Available online 
at www.clivar.org/sites/default/files/Ali.pdf.]

Andreadis, K. M., E. A. Clark, A. W. Wood, A. F. 
Hamlet, and D. P. Lettenmaier, 2005: Twentieth-
century drought in the conterminous United States. 
J. Hydrometeor., 6, 985–1001.

Brewer, M. J., and R. R. Heim Jr., 2011: International 
drought workshop series. Bull. Amer. Meteor. Soc., 
92, E29–E31, doi: 10.1175/2011BAMS3172.1.

Cripe, D., 2012: GEO: International framework for 
GDIS. [Available online at www.clivar.org/sites 
/default/files/Cripe.pdf.]

De Goncalves, L .  G., and Coauthors, 2009: The 
South American Land Data Assimilation Sys-
tem (SALDAS) 5-yr retrospective atmospheric 

forcing datasets. J. Hydrometeor., 10, 999–1010, 
doi:10.1175/2009JHM1049.1.

Dutra , E .,  F. Di Giuseppe, F. Wetterha l l ,  and 
F. Pappenberger, 2012: Seasonal forecasts of drought 
indices in African basins. Hydrol. Earth Sys. Sci. Dis-
cuss., 9, 11 093–11 129, doi:10.5194/hessd-9-11093-2012.

——, L. Magnusson, F. Wetterhall, H.  L . Cloke, 
G. Balsamo, S. Boussetta, and F. Pappenberger, 
2012: The 2010/11 drought in the Horn of Africa in 
ECMWF reanalysis and seasonal forecast products. 
Int. J. Climatol., doi:10.1002/joc.3545.

Field, C. B., and Coauthors, 2012: Managing the risks 
of extreme events and disasters to advance climate 
change adaptation. IPCC, 594 pp. [Available online 
at www.ipcc-wg2.gov/SREX/.]

Galu, G., 2012: FEWSNET agricultural drought domain 
and monitoring technology: Quantifying lead time 
requirements. [Available online at www.clivar.org/
sites/default/files/Galu.pdf.]

Ghelli, A., A. Garcia-Mendez, F. Prates, and M. Dahoui, 
2011: Extreme weather events in summer 2010: 
How did the ECMWF forecasting systems perform? 
ECMWF Newsletter, 125, 7–11. [Available online at 
www.ecmwf.int/publications/newsletters/pdf/125.pdf.]

Global Drought Monitoring Portal, cited 2012: Global 
Drought Information System. [Available online at 
www.drought.gov/gdm.]

Graham, R. J., and Coauthors, 2011: Long-range fore-
casting and the Global Framework for Climate Ser-
vices. Climate Res., 47, 47–55, doi:10.3354/cr00963.

Grasso, V., 2005: Seismic early warning systems: Proce-
dure for automated decision making. Università degli 
Studi di Napoli Federico II, 104 pp. [Available online 
at www.fedoa.unina.it/825/1/Tesi_V_F_Grasso.pdf.]

——, 2012: Early warning systems: State-of-art analysis 
and future directions. Draft report, United Nations 
Environmental Programme, 66 pp. [Available online 
at http://na.unep.net/geas/docs/Early_Warning_Sys-
tem_Report.pdf.]

Grazzini, F., L. Ferranti, F. Lalaurette, and F. Vitart, 
2003: The exceptional warm anomalies of sum-
mer 2003. ECMWF Newsletter, 99, 2–8. [Available 
online at www.ecmwf.int/publications/newsletters 
/pdf/99.pdf.]

Haile, M., 2005: Weather patterns, food security, and hu-
manitarian response in sub-Saharan Africa. Philos. 
Trans. Roy. Soc. London, 29, 2169–2182, doi:10.1098/
rstb.2005.1746.

Heim, R. R., Jr., 2002: A review of twentieth-century 
drought indices used in the United States. Bull. Amer. 
Meteor. Soc., 83, 1149–1165.

http://www.clivar.org/sites/default/files/Ali.pdf
http://dx.doi.org/10.1175/2011BAMS3172.1
http://www.clivar.org/sites/default/files/Cripe.pdf
http://www.clivar.org/sites/default/files/Cripe.pdf
http://dx,doi.org/10.1175/2009JHM1049.1
http://dx.doi.org/10.5194/hessd-9-11093-2012
http://dx.doi.org/10.1002/joc.3545
http://www.ipcc-wg2.gov/SREX/
http://www.clivar.org/sites/default/files/Galu.pdf
http://www.clivar.org/sites/default/files/Galu.pdf
http://www.ecmwf.int/publications/newsletters/pdf/125.pdf
http://www.drought.gov/gdm
http://dx.doi.org/10.3354/cr00963
http://www.fedoa.unina.it/825/1/Tesi_V_F_Grasso.pdf
http://na.unep.net/geas/docs/Early_Warning_System_Report.pdf
http://na.unep.net/geas/docs/Early_Warning_System_Report.pdf
http://www.ecmwf.int/publications/newsletters/pdf/99.pdf
http://www.ecmwf.int/publications/newsletters/pdf/99.pdf
http://dx.doi.org/10.1098/rstb.2005.1746
http://dx.doi.org/10.1098/rstb.2005.1746


JUNE 2013|784

——, M. Brewer, and W. Pozzi, 2011: The development of 
the Global Drought Monitor Portal and Summaries 
of the April 2010 Global Drought Assessment and 
associated workshops. Proc. Global Drought Moni-
toring Workshop, Silver Spring, MD, NASA. [Avail-
able online at http://wmp.gsfc.nasa.gov/workshops/
Drought_workshop.php.]

Horion, S., H. Carrao, A. Singleton, P. Barbosa, and 
J. Vogt, 2012: JRC experience on the development of 
drought information systems: Europe, Africa, and 
Latin America. Publications Office of the European 
Union, Rep. JRC68769, 70 pp. [Available online at 
http://publications.jrc.ec.europa.eu/repository/
handle/111111111/23582.]

Lettenmaier, D., 2012: Extension of the University of 
Washington multimodel surface water monitor 
for global drought monitoring. [Available online at 
www.clivar.org/sites/default/files/Lettenmaier.pdf.]

Lloyd-Hughes, B., and M. A. Saunders, cited 2011: Uni-
versity College London Global Drought Monitor. 
[Available online at http://drought.mssl.ucl.ac.uk.]

Luo, L., and E. F. Wood, 2007: Monitoring and predict-
ing the 2007 U.S. drought. Geophys. Res. Lett., 34, 
L22702, doi:10.1029/2007GL031673.

Mariotti, A., 2012: NOAA Drought Task Force: A coor-
dinated research effort to advance drought monitor-
ing and prediction. [Available online at www.clivar 
.org/sites/default/files/Mariotti.pdf.]

McKee, T. B., J. Nolan, and J. Kleist, 1993: The relation-
ship of drought frequency and duration to time 
scales. Preprints, Eighth Conf. on Applied Climatol-
ogy, Anaheim, CA, Amer. Meteor. Soc., 179–184.

——, ——, and ——, 1995: Drought monitoring with 
multiple time scales. Preprints, Ninth Conf. on Applied 
Climatology, Dallas, TX, Amer. Meteor. Soc., 233–236.

Mishra, A. K., and V. P. Singh, 2010: A review on drought 
concepts. J. Hydrology, 391, 202–216.

Molteni, F., and Coauthors, 2011: The new ECMWF 
seasonal forecast system (system 4). ECMWF Tech. 
Memo. 656, 49 pp.. [Available online at www.ecmwf.
int/publications/library/ecpublications/_pdf/tm/601-
700/tm656.pdf.]

Nijssen, B., R. Schnur, and D. P. Lettenmaier, 2001: 
Global retrospective estimation of soil moisture us-
ing the Variable Infiltration Capacity land surface 
model, 1980–93. J. Climate, 14, 1790–1808.

Parker, D., E. Good, and R. Chadwick, 2011: Reviews of 
observational data available over Africa for monitor-
ing, attribution and forecast evaluation. Met Office, 
62 pp. [Available online at www.metoffice.gov.uk 
/media/pdf/6/p/HCTN_86.pdf.]

Pozzi, W., D. Cripe, R. Heim, M.  J. Brewer, and J. 
Vogt, 2011a: Group on Earth Observations (GEO) 
Global Drought Early Warning Information Service. 
[Available online at www.ieee-earth.org/event/geoss 
-workshop-xl-drought-management.]

—, and Coauthors, 2011b: Global drought monitor-
ing service through the GEOSS architecture v2.7. 
Engineering Report, GEOSS Architecture Imple-
mentation Pilot (AIP) Drought and Water Working 
Group. Open Geospatial Consortium, 72 pp. [Avail-
able online at www.ogcnetwork.net/pub/ogcnetwork 
/G E O S S /A I P 3/d o c u m e nt s /G E O S S _ A I P 3 _
DroughtWater_ER.pdf.]

Pulwarty, R., 2012: Climate risk management and 
early warning: Lessons for GDIS. [Available online 
at www.clivar.org/sites/default/files/Pulwarty.pdf.]

Sentelhas, P., 2009: Drought indices in South America. 
[Available online at www.wamis.org/agm/meetings 
/wies09/S36-Sentelhas.pdf.]

——, 2010: Drought monitoring in South America. 
[Available online at www.icid18.org/files/arti-
cles/978/Paulo_Sentelhas.pdf.]

Sepulcre-Canto, G., S. Horion, A. Singleton, H. Carrao, 
and J. Vogt, 2012: Development of a combined 
drought indicator to detect drought in Europe. Nat. 
Hazards Earth Syst. Sci., 12, 3519-3531.

Sheffield, J., G. Goteti, F. Wen, and E. F. Wood, 2004: 
A simulated soil moisture based drought analysis 
for the United States. J. Geophys. Res., 109, D24108, 
doi:10.1029/2004JD005182.

——, K. M. Andreadis, E. F. Wood, and D. P. Lettenmaier, 
2009: Global and continental drought in the second 
half of the twentieth century: Severity–area–duration 
analysis and temporal variability of large-scale 
events. J. Climate, 22, 1962–1981.

Singleton, A., 2012: Forecasting drought in Europe 
with the Standardized Precipitation Index. JRC Sci. 
Tech. Rep. EUR 25254 EN, 68 pp. [Available online 
at http://publications.jrc.ec.europa.eu/repository/
handle/111111111/25406.]

Sivakumar, M. V. K., D. A. Wilhite, M. D. Svoboda, 
M. Hayes, and R. Motha, 2010: Drought risk and 
meteorological droughts. Global Assessment Report 
on Disaster Risk Reduction, 26 pp. [Available online 
at www.preventionweb.net/english/hyogo/gar/2011/
en/bgdocs/Sivakumar_et_al._2010.pdf.]

——, R. Pulwarty, D. Wilhite, and J. Ginnetti, 2011: 
Proposed elements in the compendium on national 
drought policy. Towards a Compendium on National 
Drought Policy: Proceedings of an Expert Meeting, 
M. V. K. Sivakumar, Eds., AGM-12, WAOB 2011, 

http://wmp.gsfc.nasa.gov/workshops/Drought_workshop.php
http://wmp.gsfc.nasa.gov/workshops/Drought_workshop.php
http://publications.jrc.ec.europa.eu/repository/handle/111111111/23582
http://publications.jrc.ec.europa.eu/repository/handle/111111111/23582
http://www.clivar.org/sites/default/files/Lettenmaier.pdf
http://drought.mssl.ucl.ac.uk
http://dx.doi.org/10.1029/2007GL031673
http://www.clivar.org/sites/default/files/Mariotti.pdf
http://www.clivar.org/sites/default/files/Mariotti.pdf
http://www.ecmwf.int/publications/library/ecpublications/_pdf/tm/601-700/tm656.pdf
http://www.ecmwf.int/publications/library/ecpublications/_pdf/tm/601-700/tm656.pdf
http://www.ecmwf.int/publications/library/ecpublications/_pdf/tm/601-700/tm656.pdf
http://www.metoffice.gov.uk/media/pdf/6/p/HCTN_86.pdf
http://www.metoffice.gov.uk/media/pdf/6/p/HCTN_86.pdf
http://www.ieee-earth.org/event/geoss-workshop-xl-drought-management
http://www.ieee-earth.org/event/geoss-workshop-xl-drought-management
http://www.ogcnetwork.net/pub/ogcnetwork/GEOSS/AIP3/documents/GEOSS_AIP3_DroughtWater_ER.pdf
http://www.ogcnetwork.net/pub/ogcnetwork/GEOSS/AIP3/documents/GEOSS_AIP3_DroughtWater_ER.pdf
http://www.ogcnetwork.net/pub/ogcnetwork/GEOSS/AIP3/documents/GEOSS_AIP3_DroughtWater_ER.pdf
http://www.clivar.org/sites/default/files/Pulwarty.pdf
http://www.wamis.org/agm/meetings/wies09/S36-Sentelhas.pdf
http://www.wamis.org/agm/meetings/wies09/S36-Sentelhas.pdf
http://www.icid18.org/files/articles/978/Paulo_Sentelhas.pdf
http://www.icid18.org/files/articles/978/Paulo_Sentelhas.pdf
http://dx.doi.org/10.1029/2004JD005182
http://publications.jrc.ec.europa.eu/repository/handle/111111111/25406
http://publications.jrc.ec.europa.eu/repository/handle/111111111/25406
http://www.preventionweb.net/english/hyogo/gar/2011/en/bgdocs/Sivakumar_et_al._2010.pdf
http://www.preventionweb.net/english/hyogo/gar/2011/en/bgdocs/Sivakumar_et_al._2010.pdf


JUNE 2013AMERICAN METEOROLOGICAL SOCIETY | 785

Washington, D.C., 128–135. [Available online at 
www.usda.gov/oce/reports/weather/National_
Drought_Policy.pdf.]

Solomon, S. D. Qin, M. Manning, Z. Chen, M. Marquis, 
K. B. Averyt, M. Tignor, and H. L. Miller, Eds., 2007: 
Climate Change 2007: The Physical Science Basis. 
Cambridge University Press, 996 pp.

Stefanski, R., 2012: Drought management and poli-
cies: Status of WMO drought initiatives. [Avail-
able online at www.clivar.org/sites/default/files 
/Stefanski.pdf.]

Svoboda, M., and Coauthors, 2002: The U.S. Drought 
Monitor. Bull. Amer. Meteor. Soc., 83, 1181–1190.

——, M. J. Hayes, D. A. Wilhite, and T. Tadesse, 2004: 
Recent advances in drought monitoring. 14th Conf. 
on Applied Climatology, Seattle, WA, Amer. Meteor. 
Soc., J2.4. [Available online at http://digitalcommons.
unl.edu/cgi/viewcontent.cgi?article=1005&context=
droughtfacpub.]

Tadesse, T., M. Haile, G. Senay, B. D. Wardlow, and 
C. L. Knutson, 2008: The need for integration of 
drought monitoring tools for proactive food security 
management in sub-Saharan Africa. Nat. Resour. 
Forum, 32, 265–279.

Thielen, J., J. Bartholmes, M.-H. Ramos, and A. de Roo, 
2008: The European Flood Awareness System—Part 
1: Concept and development. Hydrol. Earth Syst. Sci. 
Discuss., 5, 257–287, doi:10.5194/hessd-5-257-2008.

van Beek, L. P. H., Y. Wada, and M. Bierkens, 2011: 
Global monthly water stress: 1. Water balance and 
water availability. Water Resour. Res., 47, W07517, 
doi:10.1029/2010WR009791.

van Dijk, A. I. J. M., and L. J. Renzullo, 2011: Water 
resource monitoring systems and the role of satel-
lite observations. Hydrol. Earth Sys. Sci., 15, 39–55.

——, H. E. Beck, R. S. Crosbie, R. A. M. de Jeu, Y. Y. Liu, 
G. M. Podger, B. Timbal, and N. R. Viney, 2013: The 
Millennium Drought in southeast Australia (2001–
2009): Natural and human causes and implications 
for water resources, ecosystems, economy, and soci-
ety. Water Resour. Res., 49, doi:10.1002/wrcr.20123.

Van Loon, A. F., and H. A.  J. Van Lanen, 2012: A 
process-based typology of hydrologic drought. 
Hydrol. Earth Syst. Sci., 16, 1915–1946, doi:10.5194 
/hess-16-1915-2012.

——, and Coauthors, 2011: Propagation of drought 
through the hydrological cycle. Water and Climate 
Change (WATCH) Tech. Rep. 31, 99 pp. [Available 
online at www.nve.no/PageFiles/13137/WATCH_
Technical_Report_No._31_Propagation_drought.
pdf.]

Verdin, J., 2012: Drought information for famine early 
warning. [Available online at www.clivar.org/sites 
/default/files/Verdin.pdf.]

Vogt, J. V., and F. Somma, Eds., 2000: Drought and 
Drought Mitigation in Europe. Kluwer Academic, 
325 pp.

Wada, Y., 2008: Water stress over the year: Quantita-
tive analysis of seasonality and severity on a global 
scale. Master’s thesis, Dept. of Hydrology and Earth 
System Modeling, Utrecht University, 158 pp. 
[Available online at http://igitur-archive.library 
.uu.nl/student-theses/2010-0308-200229/MSc_The-
sis_YWada_3076709.pdf.]

——, L.  P.  H. van Beek, D. Viviroli, H. H. Dürr, 
R. Weingartner, and M. F. P. Bierkens, 2011: Global 
monthly water stress: 2. Water demand and sever-
ity of water stress. Water Resour. Res., 47, W07518, 
doi:10.1029/2010WR009792.

Wagner, W., V. Naeimi, K. Scipal, R. de Jeu, and 
J. Martinez-Fernandez, 2007: Soil moisture from 
operational meteorological satellites. Hydrogeol. J., 
15, 121–131.

Wilhite, D. A., and M. Buchanan-Smith, 2005: Drought 
as a natural hazard: Understanding the natural and 
social context. Drought and Water Crises: Science, 
Technology, and Management Issues, D. A. Wilhite, 
Ed., CRC Press, 3–29.

WMO, 2006: Drought monitoring and early warning: 
Concepts, progress, and future challenges. WMO 
Pub. 1006, 26 pp. [Available online at www.wamis 
.org/agm/pubs/brochures/WMO1006e.pdf.]

Wood, E. F., 2012: Experimental hydrological monitor-
ing and forecasting with a focus on USA and Africa. 
[Available online at www.clivar.org/sites/default 
/files/Wood.pdf.]

Zhang, C., 2012: Drought monitoring, impacts assess-
ment and forecasting in China. [Available online at 
www.clivar.org/sites/default/files/C_Zhang.pdf.]

http://www.usda.gov/oce/reports/weather/National_Drought_Policy.pdf
http://www.usda.gov/oce/reports/weather/National_Drought_Policy.pdf
http://www.clivar.org/sites/default/files/Stefanski.pdf
http://www.clivar.org/sites/default/files/Stefanski.pdf
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1005&context=droughtfacpub
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1005&context=droughtfacpub
http://digitalcommons.unl.edu/cgi/viewcontent.cgi?article=1005&context=droughtfacpub
http://dx.doi.org/10.5194/hessd-5-257-2008
http://dx.doi.org/10.1029/2010WR009791
http://dx.doi.org/10.1002/wrcr.20123
http://dx.doi.org/10.5194/hess-16-1915-2012
http://dx.doi.org/10.5194/hess-16-1915-2012
http://www.nve.no/PageFiles/13137/WATCH_Technical_Report_No._31_Propagation_drought.pdf
http://www.nve.no/PageFiles/13137/WATCH_Technical_Report_No._31_Propagation_drought.pdf
http://www.nve.no/PageFiles/13137/WATCH_Technical_Report_No._31_Propagation_drought.pdf
http://www.clivar.org/sites/default/files/Verdin.pdf
http://www.clivar.org/sites/default/files/Verdin.pdf
http://igitur-archive.library.uu.nl/student-theses/2010-0308-200229/MSc_Thesis_YWada_3076709.pdf
http://igitur-archive.library.uu.nl/student-theses/2010-0308-200229/MSc_Thesis_YWada_3076709.pdf
http://igitur-archive.library.uu.nl/student-theses/2010-0308-200229/MSc_Thesis_YWada_3076709.pdf
http://dx.doi.org/10.1029/2010WR009792
http://www.wamis.org/agm/pubs/brochures/WMO1006e.pdf
http://www.wamis.org/agm/pubs/brochures/WMO1006e.pdf
http://www.clivar.org/sites/default/files/Wood.pdf
http://www.clivar.org/sites/default/files/Wood.pdf
http://www.clivar.org/sites/default/files/C_Zhang.pdf



