
Integrating Assessments of User Needs With 
Intraseasonal Forecast Research:

Developing User-centric Tools for Reservoir 
Management

Andrea J. Ray, Joseph J. Barsugli, and Thomas Hamill

NOAA Earth Systems Research Lab, Physical Sciences Division (formerly CDC), 
Boulder, CO; CIRES University of Colorado, Boulder, CO

USBR Partners: Douglas Blatchford and  
Bruce Williams, United States Bureau of 
Reclamation, Lower Colorado Office



The US Bureau of Reclamation  Lower Colorado Region

New forecast techniques substantially improve the skill and reliability of probabilistic 
weather forecasts during week 1 and 2 (Hamill et al., Mon. Wea. Rev., 2004).

The objective of this project is to work with the USBR to improve the 
usability of these products for their Lower Colorado operations by reducing 
complexity and improving the accessibility of the forecasts.



Map of the lower Colorado River region.
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The system
• serves water users in California and 
Arizona delivers water to Mexico
• generates hydropower 

Davis Dam (Lake Mohave;1.8 million acre-
feet) re-regulates variations in flow from 
peak-power releases upstream at Hoover 
Dam.

Parker Dam (Lake Havasu 648,000 acre-
feet), provides reservoir storage for the 
Colorado River Aqueduct and the Central 
Arizona Project Aqueduct.

…Both reservoirs also provide habitat for 
fish and wildlife and recreation, and capture 
and delay the discharge of runoff from side 
washes below Hoover Dam.

Three large irrigation districts (Coachella 
Valley, Imperial, and Yuma) divert water 
from the Colorado River at or downstream 
from Imperial Dam, which is located near 
Yuma, AZ. 

The USBR System on the Lower Colorado River



Based on global-scale Ensemble Forecast 
done at ESRL
Calibrated using 20+ year reforecast 

database by conditional 
resampling on forecast fields (this 
gives you ~50 past events)

Downscaled probability distribution 
using NARR (32 km) and PRISM 
(5 km)

Product :
Tercile probabilities (upper, lower)
Thresholds: 2.5, 10.0, 25.0, 50.0 mm 

during fcst period
Lead times: 4-6 days; 6-10 days, 8-14 

days
Auxiliary information: climatological

probabilities, terclie thresholds,monthly 
skill statistics)

ESRL Experimental Reforecast-Analog Precipitation
Product



Skill and Reliability

Available in parallel with forecast maps. (Researchers had this 
online  from the beginning)



Linking Water Managers to Forecast Developers

FORECAST DEVELOPERS
(Hamill , Whitaker, Bates)

Respond to new
understanding of user needs

Develop user-centric
features, e.g. new variables

WATER MANAGERS
(Blatchford , Williams, USBR/LCO)

Describe weather impact
on operations

Develop knowledge of
forecast products

Use forecast information
to  better meet

management  goals

INTEGRATION
(Ray, Barsugli )

Perform user needs
assessment

Develop user-centric
information about
forecast products

Facilitate two-way
communication

Project team at Davis Dam.



Providing Information, Training, and Easier Access

•Participant-observation (e.g. in weekly operations conference 
calls)

•Site visits

•Iteration on products in revised formats

•Training in the use and interpretation of these products

•Ongoing needs assessment for new forecast products

Deliverables

•Modified presentation of existing products on ESRL web pages.

•User’s Guide for Water Managers.  A detailed guide to the theory, 
use, and interpretation of ESRL probabilistic week 1-2 forecasts, 
including case studies developed in consultation with USBR.  

� Training Workshop for these ESRL products.  Based on the 
User’s Guide and case studies, and including feedback on how 
information is used. 

� Assist USBR/LCO in the development of a web page that 
integrates several forecast products.



Findings:

• Intra-seasonal forecast information is useful throughout the 
water year, as reservoir operations are adjusted to both 
observed and forecasted conditions of winter snow 
accumulation, spring runoff, warm-season irrigation, and 
municipal and industrial uses.

• At each stage in planning, anomalous intra-seasonal 
temperature or precipitation conditions may significantly 
influence storage and releases planned, often affecting 
planning for many months in the future. 

• Advance warning (days to weeks) of rainy periods in order to 
manage flows from the Bill Williams River and other lower 
tributaries. 

• Advance warning (days to weeks) for temperature anomalies 
in the irrigation district areas in order to better predict low or 
high irrigation demand and better plan releases from Parker 
and Davis Dams.

Initial User Assessment



Management objectives in the Lower Colorado River basin include:

• maximizing storage in Lower Colorado River Reservoirs
• balancing flood control and storage criteria
• improving planning for releases for irrigation
• carrying out other USBR goals such as environmental releases

How Sub-seasonal Climate Variability Affects Reservoir Management



Some social, legal and physical factors result in the  Lower Colorado 
system being particularly sensitive to small changes in flows:

•Reservoir levels at Parker Dam (Lake Havasu) are constrained by 
agreement to a 5’ range because of development around the lake.

•The U.S. agrees to provide 1.5 MAF annually to Mexico under a 
1944 treaty; however, because the U.S. controls the storage, the
practice is that only water ordered by Mexico is considered 
delivered. Unexpected runoff or unused irrigation deliveries result 
in overdelivery, and a missed opportunity to maintain storage in the 
system.

How Sub-seasonal Climate Variability Affects Reservoir Management

•Water released at Davis Dam takes about 90 hours to travel to Imperial 
Dam. Such lag-times in the system provide an opportunity to use 4-6 day 
and longer forecasts to improve operations.

But why would week 2 forecasts be useful? 



In the winter of 2004-5, for example, drought conditions 
for the previous several years resulted in low storage in 
Lake Mead that lead to a concern with maintaining 
storage in the lower basin reservoirs. At the same time, 
the USBR was working with the U.S. Fish and Wildlife 
Service to provide high spring flows to support habitat 
maintenance in the Bill Williams River under the Multi-
Species Conservation Plan.  The USBR and the Army 
Corps of Engineers (which has flood control 
responsibilities in the Lower Colorado), were concerned 
about the potential for environmental releases and 
periods of heavy rainfall to create flood-level flows that 
could not be managed by the reservoirs. Advance 
warning of this type of  event could increase 
management efficiency. 

How Sub-seasonal Climate Variability Affects Reservoir Management



• Above-, Near-, and Below-
normal are often represented 
by the upper, middle, and lower 
terciles (thirds) of the 
climatological distribution.

• The climatological probability of 
being in each category is 33% 
for reasonably well-behaved 
distributions.

• The threshold values that 

correspond to being Above or
Below normal depend on 
location and month of the year.
(ESRL forecasts provide maps)
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Yuma,AZ August Maximum Temperatures

Terciles and Thresholds



• YUMA, AZ
Mean Annual :    2. 91i n.   
Max.  Annual : 6. 75 ( 1989)
Mi n.  Annual : 0. 31 ( 1953)   
Max. Dai l y: 3. 42 ( August  9, 1989)

# days/ year  wi t h pr eci pi t at i on gr eat er  t han…
0. 01 i n   17
0. 10 7 
0. 50 1
1. 00 0 

Sour ce - - West er n Regi onal  Cl i mat e Cent er  
ht t p: / / www. wr cc. dr i . edu/ ht ml f i l es/ |

What if it’s normal not to rain?



• Threshold exceedence
probability forecasts (for 
example the probability 
of more than 0.1 inch of 
precipitation) can be 
useful where rain is a 
rare event.

• Thresholds exceedence
probabilities are also 
useful for impacts that 
depend on exceeding a 
specific threshold value, 
rather than just being 
above or below normal
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Terciles and Thresholds



Selected NO AA  medium range forecast products.  

 
Product   Lea d t ime 

(days)  
Cover age/ 
Spa t ial Sc ale 

Probabi lity 
catego r ies  

Var iab le Featur es Ex am ple 

  6-10 8-14 other     T P other    

Reforecas t Ana log  

   

US 5km  Tercile  
Thresholds  
Ranges     

Uses 50 -75 his torica l ana logs 
based o n reg iona l matc hing, 
Downscale d to 5 km. 

 

Ensemble -Calibrated 
Station Forecast  

   

US ~200  
stat ions  

Tercil e (T)  
Tercile(de partur e
s) P     

Calibr ated again st station 
observation s. Numerical foreca st 
data also avai lable.  

 

ESRL  

Ensemble -Calibrated 
Hemisp heric Maps  

   

NH +  
Global  
 

250 km Tercil e  

   

Calibr ated again st reanalysi s 
fields. Als o includes fre e 
atmospher e variab les.  

 
6-10 Da y Outlook  
8-14 Da y Outlook  

   

US Large scal e 
features  

Terciles  
(combin ed)  

   

Opera tiona l pro duct.  
Sub jectiv e blend of severa l 
sources.Tex t discussi on of 
ration ale provide d.  

 
CPC  

CDC  MRF Reforecas t  

   

US ~200 stations Terciles  
(combin ed) 

   

CPC version o f ESRLstation 
produc t. Dominan t tercile s 
combin ed into single ma p.  On e of 
many product s blende d into CP C 
outlooks.   

 

NCEP 

Ensemble Products  

   

US + 
Global  
 

125 km Thresholds  
Ranges  

   

Numerou s exper imental produ cts, 
includin g pro babi lity and 
� spaghettiÓ plots.  Unc alibrated 
ensemb le probabi lities.   

 

HPC  

Medi um-range 
forecasts  

  3-7 

US Large -scale  
maps ; 5 km 
regiona l 
grids  

Dete rmini stic 
(T,P) 
24-hour  Prob. of  
Precip itation 
 

   

Tradi tional weathe r maps and 
dete rmini stic foreca sts. Not the 
primary  focu s of this  study 
because of shorte r rang e and 
non -probab ilistic fram ework.    

ESRL:  Earth Systems  Res earch  Laborabory   CPC: Climate Prediction Cen ter NCEP: Nat ional  Centers  for Environm ental Prediction HPC: Hydr ometeorolo gical 
Predi ction Center.   T: Surfac e tempera ture . P: Precipitation. 

 
 

Challenge for Users: Many forecasts, many products, many 
webpages, much jargon,  and little annotation!



“ Extreme Makeover” : Improving Usability of Existing Products

Work with scientists who developed the product to create a prototype 
web page for these users.  

No New Products
Modify Existing Web pages 



• Lower Colorado River geographic region
• Hydrologic Unit Boundaries within USBR/LC area, including 

units with interbasin transfers to/from LC Region.
• English Units (inches)
• Forecast for probabilities of a range of precipitation (e.g. 0.5 

- 1 in) now available in addition to exceedence  and tercile 
probabilities . 

• Slightly smaller plot size allows easier visibility of auxiliary 
data such as climatological probabilities or skill maps on one 
webpage without scrolling.

• Simplified descriptive text with links to help pages
• Improved labeling

Location, Location, Location



A

C

D E

B

A NOAA/ESRL Organization Identifier

B Product identifier consistent with ESRL webpages
C Forecast lead time (6-10 day fcst) is identified 

explicitly rather than requiring that it be deduced 
from dates.

D Statistic and variable are spelled out

E Units (%) immediately follow the name of the 
quantity that is plotted (probability)

Labeling

E
B

C

D



� GIS Issues: HUCs (Hydrologic Unit Code) boundaries and other overlays are 
available in GIS-derived proprietary and/or interchange  formats (such as ARCview  
Shapefiles). Integrating these into an existing real-time system at ESRL  where the 
forecasts are plotted using a python-based, open source graphics package 
(matplotlib/basemap) that has existing, but minimal GIS support.

� Map projection/interpolation issues: Product exists on Lambert conformal grid. As 
such the plot uses the same map projection as the national map, resulting in, for 
example, the AZ/NM boundary being tilted.  Re-projecting the forecast data would 
involve significant interpolation and take too long to generate.  

� Interactive choice of overlays (GIS-like behavior w/o “GIS” software).  May use 
U.Wisc. AniS Java applet that allows overlays of existing GIF images.  Will also allow 
zooming and animation of images. (up and running in 1 hour!). (Old technology. OK 
as long as zooming is not to the scale where georeferencing errors matter. 

� User Customizability: Restriction on use of web cookies by NOAA IT policy means 
that retained interactive  user-customization that retains settings from session to 
session is difficult or impossible to implement.  Tools are being developed by the 
community to help  (e.g. CLIDDSS by at CLIMAS/Univ. of Arizona).

Technical Issues



Forecasts of conditions in 6-10 days and 8-14 days (week 2) have potential for 
application in management of reservoirs on the Lower Colorado River. However, 
these forecasts are not yet in formats appropriate to many potential users. We 
have partnered with the USBR to improve the usability of ESRL intraseasonal 
forecasts for their Lower Colorado River operations by improving their usability, 
and at the same time learning how NOAA might better provide its suite of 
forecasts in this time scale.

We have identified three priority area for applied research on the intraseasonal 
timescale to support decision-making by these users:  downscaled temperature 
forecasts in irrigation areas; forecasts of large precipitation events in the winter, 
and forecasts of the influence of tropical storm moisture and rainfall. 

Several identified needs require further applied research:
• Downscaled temperature probability forecasts for the area of the major 
irrigation districts; forecast of other quantities that affect irrigation demand, 
such as relative humidity, and joint forecasts of wind and temperature. 
• The extent to which the probabilistic forecasts provide useful information 
about tropical storms or their associated moisture fields.

Final Remarks



Final Remarks

Because USBR/LCO reservoir management challenges and goals are similar in 
many ways to other large-scale reservoir management across the West, the 
results on usability of the products are likely to be transferable to other regions. 
The USBR also works closely with a large number of its own stakeholders in 
reservoir management, so developing products that support these interactions 
will provide insight into the needs of a broader community of water managers. 

*Acknowledgements:  Funding for this project was provided by the United States Bureau of 
Reclamation, Lower Colorado Office, and by the NOAA Earth Systems Research Lab. We also 
acknowledge the assistance of Jeffrey Whitaker and Gary Bates, NOAA/ESRL.

A few observations: 
I entered into an existing 
relationship of trust.
I am interacting with a highly 
functioning group of water 
managers with well established 
procedures, a rich, established 
community of users, and an 
existing quantitative skill set. 

This is a work in progress


