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Topics

1. Why gage (or gauge)
2. Uses of streamflow and 

climalogical data (slanted to 
flood management)

3. Types of gages and how they 
relate to uses.

4. Different entities involved in 
gaging

Steamboat at Steamboat USGS



Why Gage? A flood centric answer.
• Used in Design and Planning for bridges, floodplains, 

infrastructure, zoning and other uses
• Typically, we understand how big or how often big flooding events occur based 

on the past and repeated measurements of the past.
• Stream gaging is characterized using frequency analysis to get at the probability 

of occurrence and commonly expressed as an x-year storm (100-year storm) in 
order to get that value, you need long-term stream gage records.

• If a watershed is small or does not have gaging, watershed models or hand 
calculations are often used to decide how big to design a crossing or how close 
or far away, we need to be based on potential flooding.  Precipitation 
measurements are cataloged to better understand historical behavior then 
extrapolated into the future.  Like stream gaging, need long-term records to do 
this.   These cataloged and reduced records are the key driving input into these 
models.

• Used in forecasting for large events
• Often gage data for upstream sites and for actual gages plays into forecast 

models for streamflow used when an event is eminent.  Climate data is used to 
develop and calibrate climalogical models used in forecasting.



Why Gage? Other reasons
• Streamflow

• Water allocation and management (instream flows, 
allocation)

• Understanding flow levels for recreational activities 
such as boating and fishing

• Monitoring flow levels for water quality 
management

• Understanding the response of a stream's watershed 
to human activity.

• Climate (temperature, snow depth, melt, wind, 
humidity etc.)

• Streamflow forecasting for crop management (snow)
• Streamflow and water yield for reservoir 

management (snow and antecedent conditions)
• Fire management and warnings (wind, temperature, 

humidity, antecedent conditions)
• Wind warnings for transportation and lake 

navigation
• Road conditions



Truckee River Watershed

Note:
This Watershed involves 
1. A large lake and discharge into a large 

terminal lake (Lake Tahoe attenuates upper 
watershed flows)

2. Several reservoirs and smaller lakes
3. Climatic Biomes from Alpine to Forest to  

Desert.
4. Dominated by rural but also urban areas



Lower Watershed from 
Tahoe City down to Vista is 
a focus 



Why this study?

Essential question: “Do we have 

enough, too little or too much gaging 

in places to accomplish the mission 

of providing enough data to feed into 

design, planning, and forecasting for 

managing peak flow flood events?”

1. Are there enough steamflow gages 

for the purposes we TRFMA need? 

(which is peak flow related 

management)

2. Are there enough climate gages 

taking the appropriate 

measurements needed to further 

our understanding of climatical 

drivers that lead to peak flows?



Types of gages

• Climate: Measures 

of precipitation, type 

of precipitation, wind 

speed and direction, 

temperature, humidity, 

others.

• Stream gage: 

Measures of stage 

(related back to 

streamflow or lake 

volume), water 

quality parameters 

such as temperature, 

sedimentation thru 

turbidity, others.



Not all climate gages are created equal - Snowmelt

• Energy Transfer 

Methods

– Radiation

• transfer of energy by 

electromagnetic waves

– Conduction

• molecule to molecule 

contact

– Convection

• involves mixing

– Advection

• energy transfer by 

mass transport

• In order to model snowmelt 

may need more info and at 

more tightly spaced interval

3 Wind Gages Vert.

3 Temp 

Gages 

Vert.

2 Wind Gages Horz.
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Climate: 

Components of 

Climate stations



Considerations with Climate gages
• Where is it located  - elevation, local 

context and proximity, general topography 
leeward or windward etc.

• What is it measuring and how often 
• For Precipitation is it a weighing or 

tipping bucket or weighing with 
incremental scale.

• For precipitation what are the losses 
with system being used and for 
precipitation type

• For temperature are you located on an 
urban island or shaded or other effects

• For wind what is the local topography 
and how high off the ground is the 
measurement being taken. 



Stream Gage considerations

1. Control and stability of control

2. Where to take a check measurement for

Stage discharge relationship

3.  Strength of stage discharge relationship

4.  Ability to measure high flow is it contained

5.  Length of gaging – moves other issues such as 

Upstream regulation or storage.



Accuracy of gages vary.  Important to  know

1. This one here uses a weir and is likely very accurate 

and consistent

2.   The previous gage lacked that type of control

3. USGS usually rates their gages from good to poor   

with inferred accuracy rates.  Other stream gaging   

entitles often do the same.



Vista Narrows is a very 

important Gage for TRFMA



Vista Narrows near gage ~4500 cfs
October 25, 2021



It starts with data

Starts with Raw numbers  biggest flood for every year 

or sometimes biggest floods over a period of years. 



All kinds of distributions are used.  Through studies the Govt has adopted the 

Log Pearson III distribution because it can be customized to the “skew” of the 

data and it improves the fit and extrapolation.

Truckee River – 1979-2019 Log Pearson III Frequency Analysis for Flooding



US Army 
Corps
Hydrology

• 100 years of Gage data 
adjusted for regulated 
and non- regulated 
conditions

• Frequency analysis to 
get probability- based 
events (i.e. 100-year 
flood)

• Uses Log Person III
• Note: Regulated vs. 

Unregulated curve.  
USACE reported 
regulation reduced 
flows by half 46,000 in 
1997 to 23,000 cfs.



All the agencies that are 
involved in gaging?

• There are a great number of 

agencies involved – more than 

the logos to the side when you 

include people who are 

involved in cooperative 

gaging.

• In order to really understand 

the overall coverage must 

know what all the agencies 

have as well as our own but 

also better understand our 

own history and data from 

gages.



Questions?

“No one ever steps in the same 
river twice, for it's not the same 
river and they are not the same 
person.”

Heraclitus (paraphrased)

https://www.brainyquote.com/authors/heraclitus-quotes


Flood Warning System 
Gage Network
Presentation - Part 2
Danielle Henderson & Ed Evans



• Brief history of the Flood Warning System network

• TRFMA’s role, responsibilities, priorities for participation

• Partners and stakeholders

• Network components and configuration

• How the system works and what we use it for

• Other important data sources

• Current status + the future of the FWS network

Presentation Outline



Brief History

• 1986 Flood

• 1987–1989 Several MOUs and cooperative funding 

agreements signed to create the early warning flood ALERT 

system gaging network to monitor rain, snow, streamflow, 

and weather conditions in the Truckee River watershed

• 1997 Flood ~ Flood of Record

• 1999–2000 Received federal funding (USACE Section 205 

grant) to expand and upgrade the network ~ required local

sponsor to develop a Flood Warning Plan



Brief History 

• 2005 Flood ~ First time implementing the Flood Warning Plan

• 2010 Program was officially transferred from WC Water 

Resources to TRFMA (staff, assets, funding obligations) 

• 2017 Flooding

• Today Entering the next phase of network operation ~ 

Need to evaluate the system and evolve based on future 

needs, funding, and feasibility



TRFMA’s Role & Responsibilities

• Took over management of the FWS network in 2010

following reorganization at WC Water Resources

• Currently operate and maintain 10 streamflow and 2

precipitation gages in cooperation with USGS (TRFMA’s 

annual cost share ~ $130K and USGS ~ $58K)

• Provide technical assistance to emergency managers at 

REOC during flood events 

• Periodically update the Flood Warning Plan



• Implement the Flood Warning Plan (REOC activation and 

emergency management during floods)

• Develop and calibrate TRFMA’s hydraulic and hydrologic 

models for the Truckee River Flood Project design

• Develop flood inundation maps for regional emergency 

managers

• Archive data for flood frequency analyses and other future 

studies

How We Use the Data



Flood Warning Plan



Network Partners & Stakeholders



Flood Warning System Components

Gage Equipment

• Streamflow

• Precipitation

• Weather Stations

Communication

• Transmitters

• Repeaters

• Towers

• Antennae

Data Storage & Access

• Platforms

• Databases

• Archiving

• Web Access



System Overview – Ed Evans



Live Demo of Google Earth Map



• California Nevada River Forecast Center (NOAA & NWS)

• US Geological Survey Surface Water Data

• National Weather Service Reno

• Snow Telemetry (SNOWTEL) from NRCS

• Ski Resorts  (Alpine Meadows, Palisades Tahoe)

• Western Regional Climate Center (DRI & NOAA)

• California Data Exchange Center

Other Important Data Sources



Live Demo of Contrail Data



Rain Monitoring

• Originated in 1988

• Core function is rainfall collection

• Evolved into river/streamflow



Revisiting 2017
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FIX



Streamflow Monitoring



S Adopted in 2012

S CNRFC Forecast Triggers

S Vista Gage Dependent

S Independent of NWS

S 5 Day Warning 

S Activate REOC

Truckee River Flood 
Warning Plan
Gage House

Sensor Location

12 Feet River 
Height

Measured from Channel Bottom

River Gage Refresher – Truckee @ Vista
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Providing Tools for Emergency Management



Reno – January 8, 2017 Oxbow Study Area



Sparks / Meadows – January 8, 2017 Boynton Slough



Sparks / Meadows – January 8, 2017 Steamboat Creek / NTD



February 2017 ~ More Rain



19.8 feet at 9:00 AM
13,200 cfs



Actual

Predicted



18.04 Feet
7:15 AM

9,800 cfs



5.10” / 14 hrs

3.30” / 14 hrs

1.80” / 10 hrs

12” rain / 4 days

7.5” rain / 4 days

Monitoring the Tributaries



Steamboat Creek Andrew Lane – January 8, 2017



Andrew Lane – January 8, 2017



Rhodes Road – February 7, 2017



Washoe Valley – February 7, 2017







• TRFMA is evaluating the existing FWS network:

o What’s working and what’s not?

o Known issues (access, equipment, budgetary)?

• TRFMA is interviewing key partners to find out how they 

use data from the FWS network and which sites are most 

important for their work

• This information will be compiled in a written report 

(completion anticipated June 2022)

Current Status



• TRFMA is developing recommendations for the future of 

the FWS network. Some potential options:

o Maintain existing network

o Upgrade and/or expand the network

o Streamline (shrink) the network

• Recommendations will be based on the current 

cooperative agreements, TRFMA’s priorities, and our 

understanding of the program 

Future Recommendations



Questions & Group Discussion



www.trfma.org
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