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Closed Basin - 
• Lake Tahoe Elevation ~ 6,225 ft

• Pyramid Lake Elevation ~ 3,803 ft

Truckee Basin Overview

Drainage Area (mi2)

River Length (mi)

Truckee 
Basin

3,000

120

Colorado 
Basin

244,000

1,450



3

Truckee Carson Modeling Needs
U.S. Water Master /  TROA Admin:

• Accounting (TROA §3.A.1)

• Short-term Operations (TROA §11.C)

• Used to track and meeting “operational 
objectives”

• Seasonal Planning Purposes (TROA §11.C)

• Used to track and meet “seasonal 
objectives” and “annual goals”

U.S. Bureau of  Reclamation: 

• Tool for stakeholders to assess strategies 
or policy changes over varying 
conditions

• Hydrology includes historical, climate 
change, and paleo scenarios

• Varying demand scenarios

TROA Planning RiverWare Model

Managed by US Bureau of  
Reclamation

Known as: Planning Model

TROA Operations and 
Accounting RiverWare Model

Managed by Federal Water Master

Known as: Ops/Accounting Model
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Truckee Carson Modeling
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Today

Accounting Operations Seasonal Planning

Gage Data Deterministic

Forecast
Ensemble

Forecast

Annual Goals

Short-Term Scheduling Basic Scheduling

POR, Climate Change, etc. 
Hydrology

Long Term Planning

Scenario Planning
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Model Synchronization Challenges

Planning Model

Ops/Accounting 
Model

Ops/Accounting 
Development (Daily)

Ops/Accounting 
Development 

intermittently merged to 
Planning Model

Planning Development 
occasionally merged to 

Ops/Accounting Model

Planning Model used for study, 
some development from study 

is merged back to official 
Planning Model
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• Solution: Combined into a single model workspace known as the TROA Model

Recent Efforts: TROA Model

TROA Operations and 
Accounting RiverWare Model

Managed by Federal Water Master

TROA Planning RiverWare Model

Managed by US Bureau of  
Reclamation

TROA RiverWare Model

Managed jointly by Federal Water 
Master and US Bureau of  

Reclamation
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TROA Accounting ModelTROA Operations ModelTROA Planning ModelTROA Model
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Model Synchronization: Proposed Paradigm

TROA Model 
(Ops/Accounting 

Mode)

Ops/Accounting 
Development (Daily)

Planning Model is “created” 
from Ops/Accounting Model. 

Available for use with most up to 
date model logic.

Planning Model 
used for study

Development merged back to 
the Ops/Accounting Model. 
Processes will be set up to 
verify the Planning Models 

performance.
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Scheduling Operations: Short-Term vs Basic

• Logic that kicks in when there is no short-term scheduling

• Should be flexible to handle various conditions (e.g. dry/wet)

• Logic used for seasonal objectives through Planning Model studies 

Short-Term Scheduling
• Guides model operations based on parties’ preferred actions

• Updated through standard scheduling process/meeting cycle

• Typically assumed for ~30 days if  no end date present

Basic Scheduling
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• Meeting all these diverse uses requires 
flexibility

• Ops/Accounting:
• Must be able to handle precise input for 

unique situations

• Every rule has an exception

• Every year is unique 

• Planning/Ensembles
• Evaluate many scenarios

• Robustness is critical

• Need to limit amount of  input

Modeling for Flexibility
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Modeling for Flexibility
Basic/Planning Logic can input Scheduling, when not input
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Verification Study

• Verification study compares actual TROA operations to simulated basic 
scheduling logic in the TROA Model

• Quantitatively analyzes the model performance compared to historic 
operations

• Allows for all of  us to identify what the basic logic does well and what 
may need improvement

12

How well can the TROA Model planning logic reproduce 

historical operations?
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Verification Study
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TROA Model

Convert to 
Planning Model

• Input historic hydrology and initial conditions
• Constrain big picture items (parties start of credit 

water)
• Run the model

WY TROA 
Accounting Model

Quantitative and 
Qualitative Model Review

• Nash-Sutcliffe Efficiency (NSE)

• Percent bias (PBIAS)

• Kling-Gupta Efficiency (KGE)

Quantitative Review

• Reviewing Party objectives

• Does this look right?

• TROA Parties review 

Qualitative Analysis
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WY2018: Tahoe

Accounting Storage Planning Storage Accounting Outflow Planning Outflow

NSE PBIAS KGE

Tahoe.Storage 0.96 0.84 0.98

Tahoe.Outflow 0.35 -2.29 0.42

Accounting 532,001

Planning 536,826

Difference 4,825

Accounting 226,226

Planning 221,052

Difference -5,174

WY Outflow Vol (AF)

Summary Metrics

EOY Storage (AF)

Verification Study: SAMPLE RESULTS
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WY2019: Tahoe

Accounting Storage Planning Storage Accounting Outflow Planning Outflow

NSE PBIAS KGE

Tahoe.Storage 0.99 0.69 0.97

Tahoe.Outflow 0.83 2.99 0.88

Accounting 597,010

Planning 589,636

Difference -7,374

Accounting 295,550

Planning 304,386

Difference 8,836

WY Outflow Vol (AF)

Summary Metrics

EOY Storage (AF)

Verification Study: SAMPLE RESULTS
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Verification Study: SAMPLE RESULTS
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WY2019: TruckeeAtNixon.Gage Outflow

Accounting Planning Difference

Metric Value

NSE 0.93

PBIAS 1.16

KGE 0.94

Accounting 893,427

Planning 903,947

Difference 10,520

Percent Diff. 1.18%

WY Vol (AF)
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WY2019: FR

Accounting Planning

The Accounting model counted water being passed through the reservoirs as New Storage and 
simultaneous Spill while the Planning model just counts the amount stored as New Storage without 
labeling Spill. The amount in storage is the same with the two methods.

Verification Study: SAMPLE RESULTS
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Note: TROA Model is current under review by basin stakeholders.
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• Benefits of  TROA Model:
• Frequent development in Ops/Accounting Model available to Planning Model 

simulations

• Capabilities of  Planning Model available to Ops/Accounting Model for ensembles 
and when scheduling is unavailable

• More rigorous verification/validation processes

• More robust/resilient modeling framework

• Improved efficiency for all Truckee Basin Modeling efforts!

Conclusions: TROA Model
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Questions?
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Caleb Erkman, PE
Hydrologic Modeling Specialist
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