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1 1 NDMC 

Roger S. Pulwarty 

Senior Advisor for Climate and  

Director, NIDIS.  NOAA 

AND a lot of other people-M. Strobel, 

M. Brusberg, J. Verdin, WGA/WSWC 

The National Integrated Drought 

Information System:  

         Big data and bigger questions 



 

• Rainfall 

• Rainfall plus 

potential 

evaporation 

• Rainfall plus 

evaporation 

• Land surface 

models: Soil 

moisture 

• Land surface plus 

hydrology: 

Streamflow 
 

     

Model agreement on projected dry 

and wet conditions  

Groundwater depletion minus recharge  

Drought indices 
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September 2014 

2010 

2012 

2013 

2011 

How did we get here? Status and antecedent 

conditions 

 

Why has it been dry/drier than normal? Is this 

drought like others?  

 

What are the impacts and where did they occur? 

 

What information is being provided and by 

whom?  

 

How bad might it get and how long will it last?  

 

How are we planning for this year and for  

longer-term risks and opportunities? 
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“Today, I signed the National Integrated Drought Information 

System Reauthorization Act into law……to help communities better 

prepare for droughts…, and prevent the worst impacts on families and businesses”   

 March 6, 2014. President Obama  

 

NIDIS 2014: Public Law 113-86 

“develop and expand the Regional Drought Early 

Warning Information Systems” 
 May, 2014 http://appropriations.house.gov/uploadedfiles/hrpt-113-hr-fy2015-cjs.pdf 

Monitoring & 

Prediction 

Interdisciplinary research, 

applications, and 

assessments 

Communication and 

Outreach 

Integrated Information Systems: 

Preparedness and Resilience 

  

Engaging Preparedness & 

Adaptation Communities 



1 DAY 
1 

WEEK 
1 

MONTH 
1 

YEAR 
1 

DECADE 
100 

YEARS 

Fronts, convective 

systems 
PDO            AMO  

Drought: Weather-climate continuum and  

Adaptation deficits   

Cyclones  
Blocking 

1 
SEASON  

MJO      NAO  

ENSO   QBO  

6 

Marine Ecosystems 

Ocean surface     upper     full  

Atmosphere region     global 

Atmospheric chemistry  
Ice sheets 

Land 
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Ocean 

Temp 

anomalies 

Global-Scale 

Atmospheric 

Changes 

Regional 

Forcing and 

land feedbacks 
Local Impacts, 

Info needs 

ENSO, PDO, 

AMO, warm pool 

variability, 

Global Warming, 

etc 

planetary waves, 

hydrological cycle, 

monsoons, 

Hadley Cell, 

Walker 

Circulation  

precipitation, soil 

moisture, snow, low 

level jets, dust, 

vegetation, 

land/atmosphere 

contrasts, changes 

in weather 

soil moisture, 

stream flow, 

precipitation, 

ground water, 

lakes, 

reservoirs 

Pathways to Drought Monitoring and Predictability 
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Support cross-regional 

efforts to assess user needs, 

test drought-focused 

decision support tools 

Identify socio-economic 

effects of drought, data 

and info needs of 

resource managers and 

policy/decision makers 

Evaluate and transition drought 

information products to 

emergency reponse AND  

Coping  

with  

Drought 

Research 

Drought Preparedness and 

risk management planning  

PL113-86 

NIDIS Research And Applications 
Regional Drought Early  

Warning Systems 
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State drought plans 
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2-Wk Soil Moisture 

Constructed Analogue 

Soil Model 

Medium-Range Fcst 

Palmer 4-mo 

Probabilities 

CPC Seasonal Outlook 

 

 

Principal Monthly/Seasonal Drought Outlook Inputs  

 

NMME 
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Precipitation required to “end” 

(climatological) drought 
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A complete explanation of these droughts must invoke not just the 

ocean forcing but also the particular sequence of internal 

atmospheric variability - weather - during the event  

The weather-climate continuum  

 

The percent of the U.S. experiencing moderate to severe 

drought suddenly increased and remained at elevated levels 

during the first decade of the 21st Century 

 

Even a perfect SST prediction would “likely” capture much less 

than half the total variance in annual precipitation over North 

America 

 

54% 

28% 



 

EDDI shows strong early warning potential-2012 

Evaporative Demand Drought Index 

 

 2-week EDDI USDM 

May 1 

drought developing in entire region D0, D1 in IL, IN, TN; 

no drought in MO, AR, OK, NE 

June 5 

flash drought in MO, AR, KS, IL drought expands; does not deepen 

July 3 

persistent intense drought D3 edges into region 

August 7 

intense drought persists; 

note little drought in western US 

new D4 and expanded D3 over much of region; 

drought in NY, PA, and VA, 2 months after EDDI 

• Due to land-atmosphere feedbacks, evaporative demand (E0) reflects 

surface moisture conditions, often before ET does, 

o responds positively to both flash droughts and sustained droughts. 
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NIDIS Drought-related Activities in 

California:  A Few Examples 

 

• Causes and Predictability of the 2011-14 California Drought: 

 

• Predicting Drought Amelioration:  How Much Precipitation 

is Needed to End a Drought 

 

 

• Within-season monitoring of Fallow Lands  (USDA, 

NIDIS/NASA, California DWR, others): Timely knowledge of the 

amount and spatial distribution of fallowing and irrigation 

 

• California Services Assessment –assessing response and 

drought service capabilities in California to inform future actions 

 

 
  



N A T I O N A L   O C E A N I C   A N D   A T M O S P H E R I C   A D M I N I S T R A T I O N 

www.cpo.noaa.gov | www.noaa.gov National Oceanic and Atmospheric Administration | Climate Program Office 15 

• Could “the” drought have been anticipated? 

• Is the California drought a symptom of long-term 

climate change?  

 

Released December 8, 2014  

Drought Task Force 



2001 2002 2003 2004

2005 2006 2007 2008 2009

2010 2011 2012 2013 2014

January Greenness 
Deviation from 

13 year Average

Less
Green

More
Green

-3 σ

-2 σ

-1 σ

+1 σ

+2 σ

+3 σ

-1σ +1σ +2σ +3σ-2σ-3σ µ

50

Km

150

Km

/

Outside of
Cultivated 
Area Mask

Cropland Greenness in January 
A 35% (400,000 acre) increase in fallowing was observed in 2014  

relative to 2011, a year of normal water availability-state resources for county  food 

banks 

  

 
 

Comparing current month to Mean (µ) and Standard Deviation (σ) for that month in the 13-year record of MODIS 

data from  2001 to 2013 

2014 January 

showing extensive 

areas of dryness 

NIDIS, NASA, USDA, USGS, NOAA and the California Department of Water Resources,  

2001 

2014 



Lovelock, Nevada – Humboldt River Basin 
– No groundwater pumping  for irrigation (too salty) 

– Very little storage upstream 

– Extremely sensitive to persistent hydrologic drought 

-Growing Season Crop Water Use (30m Pixels) – Computed using Google Earth Engine 

-Google hosts the entire 40yr+ Landsat archive and provides parallel cloud computing 

2011 2013 2014 

Wet Dry Drier 

Landsat 

Only ~5% 

water 

delivery 

Landsat and Drought Monitoring with  

Huntington 2014  
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February 8, 2015 

CFSR – Google Earth Engine 

Atmospheric Rivers (ARs) 

• Drought breaks in the 

western U.S. are often 

tied to ARs 

 

• ARs are narrow corridors 

of enhanced winds and 

transport of water vapor 

at the boundary of a low 

pressure system 

 

• ~ 40-70% of the drought 

breaks in the west coast 

since 1950 are due to 

ARs 

 

• Large & slow moving 

ARs can cause flooding AR 

February 8th, 2015 

Tuesday 

12/09/14 

Wednesday 

Thursday 

12/11/14 

Huntington 2014 

February 8th, 2014 



     
Intuitive organization: 

 

•Current Drought 

•Drought Forecasts 

•Drought Impacts 

 

 

 

Maintain / expand access to tools: 

 

•Drought ACIS 

•Map Viewer 

•Time series and pie charts 

•Drought Risk Atlas 

•Soil moisture viewer 

•Drought management database 
 

Evolving drought.gov 

(The NIDIS U.S. Drought Portal)  

NDMC, NIDIS, SARP, USDA/RMA 



     Improved regional maps and 

information while retaining the same 

high quality content. 

 

Tools to make it easier to move  from 

regional to applicable state information. 

Evolving drought.gov 



Use NIDIS Drought Portal as IT Foundation for 

Clearinghouse for International Drought 

Information and Services 

 Workshop on the Development of an Experimental Global Drought 

Information System (GDIS), 21-22 April 2010, Asheville, NC, USA 

 11-13 April 2012, Frascati, Italy, 10-12 December 2014 Pasadena CA 

 

  With a web-services-based 

Clearinghouse foundation 

(Global Drought Monitoring 

web portal), a GDEWS is 

being constructed atop it by 

integrating continental and 

regional Drought Monitors & 

services. 

 

 

Global Drought Monitor 

http://www.drought.gov/gdm/ 
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Global Drought Monitoring Conceptual Framework – An 

Integration of Continental / Regional Drought Monitors 
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NDMC 

USDA-RMA 

USDA-SARE 

Cooperative Extension 

NIDIS 



N A T I O N A L   O C E A N I C   A N D   A T M O S P H E R I C   A D M I N I S T R A T I O N 

www.cpo.noaa.gov | www.noaa.gov National Oceanic and Atmospheric Administration | Climate Program Office 

USDA / NOAA 

Memorandum of Understanding 

• First signed in 1983; 

 

• Renewed December 2012; 

 

• Allows for development of cross-

agency Subsidiary Agreements. 

Subsidiary Agreement: 

Cooperation on Drought 

“establish a framework by which agencies 

within the Departments of Commerce and 

Agriculture can work together towards 

improving their capabilities to monitor and 

plan for drought, and support risk 

management strategies, with particular 

emphasis placed on serving the interests of 

the agricultural and forestry communities.” 
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Developing a Coordinated National Soil 

Moisture Network 

National Workshops -Recommendations 

• Expert Working Group -Plan of Action 

• Develop a sub-national pilot system 

• Develop a nationwide “best available” product by 

blending data from disparate sources 

 

 NIDIS complements the National 

Drought Resilience Partnership goals: 

• integrates information on key 
indicators of drought and drought 
impacts 

• Provides usable, reliable, and timely 
forecasts of drought drought and 
impacts 
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28 28 

Are Transitions to Semi-Permanent Drought Imminent? 

Effect of Long Term Global Ocean Warming and 
Radiative Forcing since 1880 

ECHAM5 Historical Simulations 
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Lake Tahoe Recent Drought History 

• Water levels in Lake Tahoe are 

good indicators of persistent 

hydrologic droughts 

 

• Many years in a row of no outflow 

into Truckee River (30s & 90s) 
 

• Lower water levels in the 90s than 

in 30s due to increased demands 

 

• One very wet winter  

can break a persistent drought 

in the region 
 

• Need many very wet winters 

for reservoirs with large 

storage deficits (i.e. Lake 

Mead) 

 
 

Legal Limit 

Natural Rim 

No Outflow 

Huntington et al 2014 
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NIDIS Evaluation 

92% 86% 85% 82% 78% 

“Comparing readiness for drought before 2002 with 
now…….. “ 

NDMC  
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How often should criteria for  

“robustness” be (re)considered? 

 

Focus on capacity and improving decisions-as well 

as “big data” (heterogeneity, scale, timeliness, complexity)  

Innovation Evaluation 

Learning 

Monitoring 
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Thank you! 

Drought.gov  

NDMC 

Ending At Midnight - January 5, 2015

Graph Updated 01/06/2015 04:45 PM

LEGEND

Capacity

(TAF)

% of Capacity |% of Historical
Average

Historical

Average

Trinity Lake

34% | 50%

Shasta Reservoir

42% | 66%
Lake Oroville

39% | 62%
Folsom Lake

45% | 91%

New Melones

23% | 40%
Don Pedro Reservoir

39% | 59%

Exchequer Reservoir

7% | 16%

San Luis Reservoir

43% | 62%

Millerton Lake

35% | 64%

Pyramid Lake

94% | 105%
Castaic Lake

36% | 45%

Pine Flat Reservoir

13% | 31%

Coordination 
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Forecasting Tools Development-NIDIS CTB 

• Updated Optimal Climate Normals (Temperature & Precipitation Trends) 

• Improved Understanding of Drought and Ocean Conditions 

• ENSO Plume Model Forecasts 

• Improved Understanding of Drought and Land Conditions 

• Reliability Conditioned on Decadal Variability 

• National MultiModel Ensemble (NMME) 

• Land-Data Assimilation System (LDAS) 

• NOAA Drought Outlook 

• Experimental Climate Divisions and Regional Drought Forecasts 

 

30 
DAYS 

1 
SEASON 

Heat Waves 

Storm Track Variations 

Madden-Julian 

Oscillation 

El Niño-Southern 

Oscillation + ????? 

3 
YEARS 

10 
YEARS 

Decadal Variability 

Solar Variability 

Deep Ocean Circulation 

Greenhouse Gases 

30 
YEARS 

100 
YEARS SHORT-TERM INTERANNUAL DECADE-TO- 

CENTURY 
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National Integrated Drought Information System: 
Public Law 109-430; reauthorized in 2014 PL 113-086 
• integrates information on key indicators of drought 

and drought impacts 
• Provides usable, reliable, and timely forecasts of 

drought drought and impacts 
• Improve national  coordination of  soil moisture 

monitoring  
 

Information sharing 
and collaboration 
across  all levels of 
government to 
promote drought 
preparedness & 
planning   

NOAA and President’s  
Climate Action Plan 

NIDIS complements the National Drought Resilience 
Partnership goals 

  


