
1 1 1 

Roger S. Pulwarty 
Senior Scientist 

National Oceanic and Atmospheric Administration  
 



2 

2 2 



3 

The Making of an Extreme Event: Putting the 
Pieces Together (Dole et al 2014) 

Climatological  Climatological + 
Trend  

Climatological + 
Trend + Boundary 
conditions 
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Boundary +Initial conditions 
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National Integrated Drought Information System 



 

 

 

 

 

 

 

 

Network coordination, Integrated Information (monitoring/forecasting, risk 
assessment/gaming scenarios),   
Drought risk management (capacity, outlook fora and planning) 

Governance Attributes: Alignment, Adaptability 

Regional 
Scale 
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• National Center for Atmospheric 
Research (NCAR) 

• National Drought Mitigation Center 
(NDMC) 

• USDA: Natural Resources 
Conservation Service 

• USFS: Region 2 
• USBR: Eastern Colorado Area 

Office, Great Plains Region, Office of 
Policy and Programs, Research and 
Development 

• USGS: Colorado Water Science 
Center, Central Region, Grand 
Canyon Monitoring and Research 
Center 

• NOAA: Earth System Research 
Laboratory, National Centers for 
Environmental Prediction, National 
Climatic Data Center, National 
Weather Service 

Research and Stakeholder Collaborative network:   
Colorado Basin Early Warning Information System example 

• Colorado Division of Water 
Resources (CDWR) 

• Colorado State Climatologist 
• Colorado River Water 

Conservation District (CRWCD) 
• Colorado Water Conservation 

Board (CWCB) 
• CU – Western Water 

Assessment, CIRES, and 
CADSWES 

• Denver Water Board 
• Northern Colorado Water 

Conservancy District (NCWCD) 
• Wyoming State Engineer 
• Wyoming State Climatologist 
• Utah State Climatologist 
• Western Regional Climate 

Center 
• Mexico CNA 



(NC4  2018, Aghakouchak et al 2018) 
 

1. Extremes, 2. Relative Temperature increases during drought (1965-2014 minus 1902-1951) 

(NC4  2018, Aghakouchak et al 2018) 
 

Southwest U.S.-Northwest 
Mexico 

             ? 
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NCEI, 2020) 



 
National Drought-Resilience Partnership  
Goals 

Goal 1: Data Collection and Integration –key 
data platforms, modeling and   
prediction 
 
Goal 2: Communicating Drought Risk on 
Critical Infrastructure  
 
Goal 3: Drought Planning and Capacity 
Building  
 

Goal 4: Coordination of Federal Drought 
Activity 
  
Goal 5: Market-Based Approaches for 
Infrastructure and Efficiency  
 
Goal 6: Innovative Water Use, Efficiency, 
and Technology 
 



10 



UNDRR GAR 2021  Special Report on Drought 

Section II. Cases: The economic, social, 
cultural, environmental aspects of drought 
assessment, response, mitigation 

SECTION III Drought: From Risk to 
Resilience 
 

Section I. Modernizing our understanding 
of drought 

March 2021 
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Meteorological Drought 
 Reduced precipitation and increased variability 
 Increased temperatures and evaporative demand 
 Drying plants, increased forest and rangeland fires 
 Increased water req. and demands (agric., society) 
 Impacts on biodiversity balance, fauna and flora 

Hydrological Drought 
 Reduced surface fresh water and ground water recharge 
 Reduced hydroelectric production and  industry output 
 Negative effects on tourism   
 Reduced  Water quality 
 Impacts on fish production 

 

Agricultural/Soil Moisture Drought 
 Impacts on rain-fed agriculture 
 Demands on irrigated agriculture 
 Degradation of natural flora 
 Losses in rangeland carrying capacity 
 Increased soil- and land degradation 
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Food and Water Insecurity 
 Reduced agricultural production 
 Reduced animal production 
 Reduced proper Nutrition 
 Reduced transport capacity 

Livelihood Levels 
 Reduced income  
 Increased unemployment 
 Decreased coping capacity 
 Loss of ecosystem services 

Social Vulnerability  
 Human security & community instability 
 Gender-based and intergenerational impacts 
Migration, displacements and conflicts 
 Heat stress, vector-borne diseases, dust, nutrition  

Indirect Im
pacts of D

rought  
Econom

ical, Social and Environm
ental Stresses 

WMO CAgM 

Section I: Complexity of drought staging and drought impacts 



 
Highlighting six areas of concern and opportunity: 
 
1.Risk assessment (sectoral and multi-hazard) 
2.Uncertainties associated with a changing climate (regional 

and local levels) 
3.The increasingly complex pathways of drought impacts: 

Water-Energy-Food nexus 

Section II 
Across cases……….. 

 
4. Benefits of action and costs of inaction 
5.Transboundary coordination on drought: shared visions, shared          
   implementation 
6. The role of technology, efficiency and policy 
7.Links to human security and conflict 



Globally networked risks:  
e.g. modern food systems highly dynamic, complex, formal and informal – 

fundamentally important to food security 



Rabobank, 2012 

Globally networked risks (example)  
e.g. modern food systems are highly dynamic, complex, formal 

and informal – fundamentally important to food security 
Chapter 2 Systemic risks, the Sendai Framework  

and the 2030 Agenda 
  

Optimized for 
- globalized trade 
regimes, 
- efficiency, peace time  
     and 
- relatively stable  
    environment 
 
- Fragile 
- Uncontrollable 
 



Sustainability Partnerships in 
the U.S. – Mexico Drylands 
Region US and Mexico 
Academy of Sciences 2020 

Integration mechanisms  
Characterized  by scope (single issue, multilateral, or 
comprehensive) and then by the level authority and 
formality within each category 
 
Single issue Informal networks: Policy networks that 
emerge from local interactions for joint ventures, service 
contracts to address externalities, dry-year options  
 
Multilateral: Multipurpose districts with a consolidated set 
of public services within geographic territory for example 
drought response by watershed or regional organizations 
 
Comprehensive: Regional integration through embedded 
norms created by overlapping ventures, agreements and 
contracts and coordination across multiple policy domains 
governed by statutory framework e.g. water quality planning 
by a joint river basin authority 
 



Section III. From risk to resilience 
An agenda to strengthen a collaborative framework 
between research and management that: 
 
 
• Maximises the value of existing assets for drought-

related security and resilience 
 

• investments in resilience within communities and 
countries 
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Creating a compelling narrative/vision for a better future:  

Simple 
Risk  

Complicated 
Risks 

Complex, compounding 
and cascading risks 
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Section III From risk to resilience 
1. Characterizing systemic risks 
2. Systemic risk stability domains, disruptions and 

opportunities/entry points (food security, health, drought to 
desertification, transboundary watersheds) 

3. Being proactive: Knowing better (research products, technology 
barriers/opportunities) 

4. Governance and  financing : Networks, capabilities and 
implementation in a changing environment 

 



Risks AND Capabilities 
Pathways 

WEF 

Governance, Coherence and Pathways to 2030 

(IPCC, SREX 2012) 
(TWI2050) 

roger.pulwarty@noaa.gov 
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