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OR,  HOW’S  USACE  USING  SCENARIOS  IN  ITS  IMPACTS,  
ADAPTATIONS,  &  VULNERABILITIES  WORK ?




___________________________________________________________ 

Why  Does  USACE  Need  Climate  Scenarios ?


>4K recreation sites;    
>370M annual visits 
 
 ~$18B yr-1 & 500K 
jobs 

>3% of the nation’s  
electricity; 25% of 
its total hydropower 
 
~$800M; ~80B kwh 
in 2011 

environmental 
restoration 
 
~$300M  yr-1 

>700 dams 
 
>14K levee miles  

emergency 
response 

>12M acres of 
protected public 

lands 

>12K miles 
commercial inland 

waterways 

>900 harbors 
 
>2B tons of 
commerce; $160B 
tax revenue in 
2011 

>400 miles 
protected shoreline 
 
>13K miles coastal 
nav channels 

 >80K regulatory 
permits 
 
 >$200B in economic 
development  
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We  Start  with  our  Applications  Decisions

Decision scaling  »  derive the climate response function of the system 

being managed, & use that to help direct us to appropriate  climate 
science & climate change information to the decision problem at 
that scale


 
 
 » moves the emphasis for the water resource 
managers from ‘reduce scientific uncertainty’  to  ‘understand your 
decision terms & the information needed to support action’





 
 
 
 
 



figure courtesy C. Brown, U Massachusetts  

Uncertainty will persist . . .



Manage vulnerabilities & 

residual risks adaptively



Learn to watch for surprise
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Decision  Support (?)

Example :  Snow  to  Rain  Dominated  HUCs


figure adapted from A. Hamlet & R. Norheim, U Washington 



___________________________________________________________ 

What  Types  of  Decisions  are  Required ?  




Typical  Decision  Elements  at  Some  USACE  Reservoirs


Principal Decision Elements 

Flood Risk 
Reduction 

Hydropower 
Generation Fisheries 

Other Objectives 

Water 
Quality Wildlife Recreation Water 

Supply Navigation Irrigation Cultural 
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Some  Science  &  Engineering  Components  of

Those  Decision  Elements


Climatology

–  Analysis of T, P, & SWE




Hydrology


–  Monthly fractional flow 
volumes


–  Median runoff date, 
statistical distribution of 
runoff volumes throughout 
the year


–  Unregulated flow at key 
locations


–  Changes in flood statistics


Flood Control Modeling

–  Refill reliability

–  Flood control curve 

violations

–  How many times can flows 

be controlled at control 
points?




Hydro-regulation Modeling


–  Hydropower load targets

–  Fish flows

–  Water temperature targets

–  Augmentation flow 

potentials changed
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Vulnerability  Assessments  for  USACE  Missions


How  Fast  is  Temperature  Projected  to  Change  Where  We  Operate ?


This index is built from spatial & 
temporal gradients of projected 
climate change.




The velocity of climate change 

represents the instantaneous 
local velocity along Earth’s 
surface needed to maintain 
constant temperatures; it is not 
the rate of species migration.




The global mean velocity is 0.42 km 

yr-1 (A1B scenario) & ranges 
from 0.08 to 1.26 km yr-1.





Climate Change Velocity & USACE Projects 



jeffrey.r.arnold@usace.army.mil                                                                                                

UW | NOAA  Joint  Institute  for  the  Study  of  the  Atmosphere  &  Ocean  


May  2013


___________________________________________________________ 

-XX-


Vulnerability  Assessments  &  Coastal  Change


USGS National Assessment of Coastal Vulnerability : insight into relative 
potential for coastal change from changes in sea level




  Already upgraded for use at National Park Service locations


  Joint update going with USACE, NOAA, and US Navy: a planning 
tool to analyze where physical changes are most likely to occur
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Actionable  Science  for  Sea-level  Vulnerabilities


  1986: characterize observed trends 


  2000: USACE planners consider     
potential for increased global sea-levels


  2009: use 3 scenarios developed for 
USACE Engineering Circular 1165-2-211


  2011: EC 1165-2-212 surveys recent 
science: 0.2m to 1.5m by 2100


  2012: adaptation engineering          
studies continue with applications               
of the EC guidance for USACE        
projects potentially vulnerable to             
sea-level change




___________________________________________________________ 
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Actionable  Science  for  Coastal  Applications:  
Storms  Adding  to  Sea-level  Change


slide courtesy Dave Kriebel, USNA 
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Actionable  Science  for  Coastal  Applications:  
Storms  Adding  to  Sea-level  Change (cont’d)


slide courtesy Dave Kriebel, USNA 
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What  about  Inland  Hydrology ?




USGS  HUC-4s  in  the  CONUS
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USACE  Vulnerability  Assessment  Indicators


What’s  at  Risk ?   What’re  the  Threats ?   How’re  those  Indicated ?

THREAT TO THE 
QUANTITY OR 
RELIABILITY OF 

POWER PRODUCTION 

SOME EXAMPLE INDICATORS, 
BOTH MAGNITUDE & CHANGE 

Peak Q & 
Sediment Load 

CV of Annual Unregulated Streamflow (cumulative & local) 
Annual Streamflow Variability 

Streamflow & Sediment Load Elasticities 
Peak Flow 
… others … 

Min Q & 
Sediment Load 

… as above and … 
Baseflow (cumulative & local) 
Drought Events & Severity 
Matrix of Drought Indices 

Q & Sediment 
Load Timing 

… as above and … 
Storage Reservoir to Mean Annual Flow Ratio 

Date of Highest Springtime Streamflow 

Change 

Flood Magnification or Reduction Factor 
(cumulative & local) 

Wetlands Migration Potential 
Ecosystem Thermal Regime 

… others … 

OTHER COMMON INDICATORS 

Ecosystem Services Ratings 

Biodiversity Indices 

Freshwater Plant & 
Macroinvertebrate 
Communities at Risk 

Urban & Suburban Area 

Population Distributions 

NFIP Communities 

Low Flow (exceeded >90%) 

Flood Flow (exceeded <10%) 

593 indicators at the start; 

reduced to 68 for all USACE 

missions – hydropower has 

19; reduced again & combined 

to 29 for inland hydrology + 

3 coastal for the final scores 
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Vulnerability  Indicators  for  All  USACE  Missions


100  CMIP5  Model  Runs,  All  Scenarios ,  50 “Driest” 2050 Vulnerabilities
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___________________________________________________________ 

Vulnerability  Assessment  for  USACE  Flood Risk




HUC-4  Basins  with  10%  Lowest  Q  Values


100  CMIP5  Model  Runs,  All  Scenarios ,  50 “Driest” 2085 Vulnerabilities
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EXPERIMENTAL PRODUCT  
NOT FOR DECISION-MAKING 

Integrated  Analysis  of  Climate  &  Global  Change  
Vulnerabilities  &  Possible  USACE  Responses




___________________________________________________________ 

Let’s  Not  Wait !







Thanks  for  your  invitation & interest




[ jeffrey.r.arnold@usace.army.mil ]


photo courtesy K. Dixon, NOAA GFDL  


