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Objectives

• Develop an approach to flood frequency analysis that 
incorporates non-stationarity/climate variability into its 
framework.

• Create new flood probability distribution functions in a flood 
database 

• Establish flood probability scenarios based on climate 
projections

• Collaborate with flood managers in strategy to operationalize 
climate data framework
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IPCC projections indicate that both droughts and floods 
are expected to increase with future climate change, yet 
those involved in the management of these two types of 
extreme events differ markedly in addressing this.  

• Cooperation between 
researchers* and drought 
managers have had some 
success in incorporating 
climate data into 
framework

• Some stakeholders have 
changed strategies in 
adaptation to climate 
variability

• Current flood strategies do 
not incorporate climate data

• Connection between flood-
generating weather and the 
climate producing it is not 
defined for operationalizing

*CLIMAS and LTRR
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A Problem of Scale
• Drought planning operates at 

climatic spatial & temporal 
scales

• Climatic variability is difficult 
to translate to flood 
management because of 
temporal and spatial scale 
mismatches

• Flood forecasters and 
floodplain managers are more 
attuned to weather-scale 
processes and information

• Yet, flood-generating storms 
emerge from larger synoptic 
patterns and climate-scale 
processes

• Incorporating long-term 
climate information into 
operational flood management  
is needed to address the 
challenges of  future climate 
change(Hirschboeck, 1988)
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Flood Policy Shortfalls

• Current flood frequency analysis (100-year flood) does not include causal 
mechanisms

• The 100-year flood, used as a national standard for development and flood 
insurance, “is arbitrarily chosen for regulatory reasons and does not reflect 
anything fundamentally intrinsic to the floodplain” (Pielke, 1999 pp 416)

• Bulletin 17B assumes stationarity; such a constraint stifles management 
adaptation to future climatic conditions

• Current flood probability estimates:
-- are calculated assuming stationarity, “that natural systems fluctuate within 
an unchanging envelope of variability” (Milly et al. 2008, pp 1)
-- lack causal information, regional heterogeneity, and climate variability

• These are known problems for which flood researchers, decision makers, policy 
experts, and federal agencies are seeking practical solutions
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Gauge Shutdown in 1980

Flood of 1983

Sunday, August 8, 2010



Santa Cruz River

1983 Flood
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Watershed Upscaling

• Linking climate, weather and flood 
information across spatial and 
temporal scales is needed  

• The flood hydroclimatology 
database will allow a process-
sensitive upscaling approach that 
complements traditional 
downscaling  approaches  from 
General Circulation Models

• This “bottom up” approach can 
more directly involve flood 
managers working at watershed 
scales

(Hirschboeck, 1988)

Sunday, August 8, 2010



Sunday, August 8, 2010



Sunday, August 8, 2010



Data Sources
• Peaks-above-base  data from U.S. Geological Survey dating back to 1915
• Supplementary data from National Weather Bureau, National Oceanic and 

Atmospheric Administration, NCAR/NCEP Reanalysis, and other sources
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Causal Relationships

#3

• Each flood in database is classified by causal mechanism and linked to larger 
climatic drivers

• Natural variability in the gauged record is sensitive to changes in seasonality and 
locations of storms, resulting in variation in flood frequency, magnitude, and 
duration

• Future flooding will be driven by same causal mechanisms, however, global 
climate change will affect local and regional atmospheric circulation patterns 
driving these mechanisms
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Methods I

Data assessment will include:
• Visually assessment of weather maps and 

reanalysis images
• Manually categorizing historical flood data by 

storm type
• Creating probability distribution functions for 

each category using log Pearson type III 
distribution
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Cooperative Extension
University of Arizona, 2007

Arizona 
Watersheds

Lower Colorado 
River Basin

Study Area

•  In Arizona, three main storm types contribute to the flooding: 
-- winter synoptic events, 
-- summer convective events 
-- tropical storm events

• Possible future climate scenarios that could dramatically alter flooding 
in Arizona:

-- a poleward shift in the winter storm track, more frequent tropical 
storms, or an enhanced summer monsoon
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Data Driven Scenarios
• A scenario is “a coherent, internally consistent and plausible description 

of a possible future state of the world… not a forecast; rather, each 
scenario is one alternative image of how the future can unfold"(IPCC, 2007)

• Scenarios can integrate large uncertainties, will be more robust and 
adaptable in situations where the extent of variability is unknown.

• May provide a framework for flood management and decision-making to 
move forward in addressing floods and climate change

Modified from Holly Hartman, SAHRA, University of Arizona

Stronger Summer 
Monsoon

Shift in Winter 
Stormtrack

Intensified 
Tropical Storms

100-year

500-year

50-year 

25-year 
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Methods II

Scenario Development:
• Adjust PDFs to input from multiple model forecasts
• Develop several scenarios of future flooding for each 

watershed

Collaboration:
• 2 workshops will be scheduled with local and region 

flood managers and stakeholders
• Discuss ability to incorporate data into current policy 

restrictions
• At what scales can data best be operationalized
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