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The Big Idea: Addressing the risk of climate 
change and hydrologic non-stationarity

Climate Change Hydrologic Change Asset Impacts (public & private)



Historical and projected changes in Earth’s climate

Increasing average temperatures Increasing frequency of extreme precipitation events

HISTORICAL

PROJECTED

Source: 4th National Climate Assessment



Climate is the upper boundary of the terrestrial 
hydrologic system

Climate change affects 
how water is stored and 

partitioned in the 
landscape

Source: University of Waikato



Public and private assets are vulnerable to 
hydrologic hazards (changes in storage and transmission)

Agriculture Infrastructure Recreation & Tourism



So What?

Pretend like nothing 
is happening Data-driven tools based on 

the best available science
climate models

Hydrologic models

Observation networks



Risk = Hazard x Vulnerability

Phase 1 Phase 2

Phase 3



Infrastructure is at risk to increasing frequency and 
severity of extreme precipitation events 

% change in the frequency of extreme precipitation

Source: 4th National Climate Assessment



Intensity-duration-frequency curves: A tool for 
characterizing precipitation event likelihood

Colorado Water Conservation Board



Intensity-duration-frequency curves: A tool for 
characterizing precipitation event likelihood

How much rain falls over 24 hours during the 100-year event in Avon Colorado? 

Colorado Water Conservation Board



Intensity-duration-frequency curves: Cornerstone of 
infrastructure design and decision making

How much 
precipitation?

• IDF Curves

How much 
runoff?

•Hydrological 
Modeling

Inundated 
extent/duration 
& geomorphic 

change

• Hydraulic & 
Geomorphic 
modeling

Colorado Water Conservation Board
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IDF curves are based 
on historical 
observations

Historical precipitation observations

Intensity-Duration-Frequency Curve



Using Global Climate 
Model data to predict 
future IDFs

Future precipitation projections 
from an ensemble of GCMs

Upward shift of IDF curve: n-year event becomes more intense



Changes in the 100-year event across Colorado
(Explore results for yourself in our ESRI Story Map)

https://arcg.is/1KaW5S

Colorado Water Conservation Board

https://www.google.com/url?q=https://arcg.is/1KaW5S&sa=D&source=hangouts&ust=1561667800546000&usg=AFQjCNG-WYRyFYVIFkyx-Nn60or2aEBiPQ


Next steps: Asset-level vulnerability assessment

Colorado Water Conservation Board



Colorado’s snowpack is at risk to climate change. 
The outdoor recreation industry is vulnerable.

McCoy Park SNOTEL

2012

2014

Colorado Water Conservation Board



Colorado’s snowpack is at risk to climate change

Hotter DrierMccoy Park SNOTEL

Colorado Water Conservation Board



Modeling baseline and future snowpack under 
climate scenarios adopted by Colorado Water Plan

Hot & Dry
In-between

… 20th century observed and 
hot & dry 

Scenario Temperature 
Change

Precipitation 
Change

Hot and Dry
+2.3°C -1 - 3%

Between 20th Century Observed and Hot and Dry
+2.1°C + 2 - 5%

Colorado Water Conservation Board



Preliminary results indicate an 8 – 25 % reduction in 
ski season length

Colorado Water Conservation Board



Next steps: Evaluating historical and future 
economic impact of snow drought

Winter sports contribute 
~$5 Billion to Colorado’s 

economy

What is the economic 
consequence of warmer 

and drier climatic 
conditions?

Colorado Water Conservation Board



Risk analysis framework is flexible and suitable to a 
range of client needs
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Thank you for your time

Colorado Water Conservation Board
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