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The text below is excerpted from the proposal by the Western Water Assessment 
program at the University of Colorado Boulder, to the NOAA Climate Program Office, for 
a five‐year continuation of funding as a Regional Integrated Sciences and Assessments 
(RISA) program. The project below is one of 11 major projects in the overall WWA 
research portfolio, and one of four under the research theme “Extremes and Climate 
Risk Management.” 
 
For more information, contact Jeff Lukas (lukas@colorado.edu). The WWA website is at 
http://wwa.colorado.edu 
 
 
WWA Project 6. Risk assessment of extreme precipitation and flood events in a non-
stationary climate 

Improved characterization of the risk of 
extreme hydrologic events in a changing climate is 
a high priority for many water-sector stakeholders 
(USACE 2011). In the WWA region, extreme 
precipitation events and destructive flooding can 
be caused by different atmospheric mechanisms. Each mechanism has a different risk 
profile in terms of seasonality, climatic precursors (e.g., ENSO), and variability in 
occurrence over time. Standard statistical approaches for estimating recurrence intervals 
of extreme precipitation and floods tend to lump these mechanisms together. Similarly, 
anthropogenic changes to the hydrologic cycle and atmospheric circulation at global to 
regional scales would be expected to have differential influences on each mechanism 
(e.g., Mahoney et al. 2013). Traditional risk-assessment tools and design standards are 
increasingly recognized as inadequate in a non-stationary hydroclimate. Better 
understanding of the risks associated with different mechanisms of extreme precipitation 
events can potentially improve preparedness and planning. 

The overall objectives of this project are (1) to synthesize the evolving understanding 
of different mechanisms of extreme precipitation for the region, and their expression as 
historical events and in climate projections, and (2) with state and local decision makers, 
to apply this understanding to complement or improve existing planning tools based on 
explicit estimates of precipitation and flood risk, including precipitation-frequency 
estimates (e.g., NOAA Atlas 14), flood-frequency estimates, and probable maximum 
precipitation (PMP) events. For the first few years of the project, we propose to leverage 
two ongoing research efforts funded primarily by one of our regional partners, the Bureau 
of Reclamation, while building our programmatic capacity for co-production in this 
relatively new area for us. 

First, ongoing work by WWA researcher K. Mahoney and colleagues at NOAA and 
NCAR, funded by Reclamation, uses reanalysis data (historic) and downscaled climate 
model output (future) to drive the Weather Research Forecast (WRF) model for high-
resolution simulations of individual storm events. For this work, we will produce a series 
of WRF simulations explicitly designed to inform the forthcoming revision of Colorado 
PMP standards by Applied Weather Associates (AWA) for the Dam Safety Branch of the 
Colorado Division of Water Resources. NOAA NWS stopped issuing updates to their 
nationwide PMP studies after 1999, and AWA is one of the main contractors working 

Question 2.2. How can state-of-the art 
science on extreme precipitation and flood 
events be effectively translated and applied 
for decision-support by state and local 
decision-makers?    



October 2014  Page 2 of 2 

with state and local agencies to revise the NOAA PMPs, which are now 15−35 years old. 
AWA uses storm-based evaluations to derive deterministic values for PMPs, combined 
with precipitation frequency data. The WRF simulations will be used to validate and 
supplement those analyses, by quantifying specific orographic influences on extreme 
precipitation events and generating ensembles of event statistics. This project will bring 
state-of-the-art climate and weather model output to bear on an important and widely 
used risk-assessment approach, and gage the added value of that output. For the second 
phase of the project we will look to expand this work with state and local agencies in 
Utah and Wyoming. 

In a similar vein, WWA researchers Bracken and Rajagopalan are currently 
conducting a multiyear project for Reclamation to examine the spatial and temporal 
variability of extreme precipitation and flood events in the Western U.S. They have 
identified distinct sources of moisture and delivery pathways to spatially coherent regions 
in Western U.S. Using Extreme Value Analysis and resampling the moisture tracks, they 
make time-varying spatially explicit probabilistic estimates of precipitation extremes and 
consequently, hydrologic extremes. They have demonstrated proof-of-concept with initial 
analyses and products, and as they progress they will collaborate with Reclamation’s 
Mid-Pacific Region on application to infrastructure planning. The specific WWA 
contribution to this effort will focus on enhancing the methodology and facilitating the 
application of this research outside of Reclamation, to state and local entities in the 
WWA region, including wastewater and stormwater managers, dam safety officials, and 
transportation departments, as identified in scoping ongoing in fall 2014 and by FEMA 
Region VIII collaborators. This engagement will give us the opportunity to better 
understand the risk-assessment and decision frameworks used by these entities.  
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