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APPROACH OVERVIEW



Purpose and Key Steps
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Goal of Assessment: Quantify future changes to surface water supply reliability 
from continuation of observed trends in naturalized flow, temperature, and rainfall.

Step 5 Adjust monthly time series from WAM.

Step 4 Calculate adjustment factors for end year (e.g., 2070).

Step 3 Select trends to apply based on Kendall’s tau.

Step 2 Assess presence and significance of trends.

Step 1 Prepare time series at various timescales.
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A time series with a trend
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Fit a trendline (predicts average conditions)



Methods – The Gist
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Extrapolate the trend to estimate average in 2070
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Swing the line from the trended average to the new average
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Goal: 76 years of 2070 hydrology
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Goal: 76 years of 2070 hydrology



Methods
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FLO – Calculate adjustment factor(s) for 
incremental flow at each control point.

EVA – Calculate adjustment factor(s) for 
precipitation and gross evaporation 
(based on trends in avg temperature) for 
each climate division.



Identified Trends and Adjustments to .FLO File

TRENDS IN STREAMFLOW

TRENDS IN STREAMFLOW



Kendall’s τβ = -0.20
p(Z) = 0.03

Identifying a Trend in Incremental Flow
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Trend in Annual Average Incremental Naturalized Flow



Adjusting Incremental Flows
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Season and 
Condition

Trend Applied 
to Incremental 
Flow

Wet Winter annual
Average Winter annual

Dry Winter annual
Wet Spring annual

Average Spring annual
Dry Spring annual

Wet Summer annual
Average Summer annual

Dry Summer annual

(2070)

Changes to Incremental Naturalized Flow



Adjusting Naturalized Flows
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Season and 
Condition

Trend Applied 
to Incremental 
Flow

Wet Winter annual
Average Winter annual

Dry Winter annual
Wet Spring annual

Average Spring annual
Dry Spring annual

Wet Summer annual
Average Summer annual

Dry Summer annual

(2070)

Changes to Total Naturalized Flow



Basin-Wide Impacts of Trend Adjustments to Flow
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Changes to Naturalized Flow – 
Basin Overview (2070)



Identified Trends and Adjustments to .EVA file

TRENDS IN TEMPERATURE AND PRECIPITATION



Temperature Trends
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Climate 
Division

Trend 
Timescale

Trend Direction Start Year

4101 Annual Increasing 1968

4102 Annual Increasing 1968

4103 Annual Increasing 1968

4104 Annual Increasing 1966

4106 Annual Increasing 1968

4107 Annual Increasing 1968

4108 Annual Increasing 1966



Temperature Trends
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Annual Trend, 4103 North Central Climate Division

Kendall’s τβ = 0.44
p(Z) = 0.00



Adjustments to EVA File
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Adjustments to EVA File
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Changes to Net 
Evaporation – 

Basin Overview (2070)



FLO and EVA Files – 2070 Conditions
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IMPACTS TO WATER SUPPLY



Yield Reductions – Upper Basin
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Fort Phantom Hill 
(-85%)

Hubbard Creek 
(-21%)

Stamford 
(-80%)

Possum Kingdom 
(-27%)

Graham-Eddleman 
(-40%)

Abilene 750 50 -93%

Cisco 1,300 950 -27%

Daniel 225 5 -98%

Fort Phantom Hill 6,900 1,050 -85%

Graham-Eddleman 1,125 680 -40%

Hubbard Creek 26,300 20,700 -21%

Kirby 300 10 -97%

Possum Kingdom 147,700 107,100 -27%

Stamford 4,050 800 -80%

Sweetwater 650 40 -94%

Sweetwater/Trammel 300 50 -83%

Millers Creek 0 0 ---

Total 189,600 131,435 -31%

Firm Yield Comparison

Reservoir Name

2070 

Original

(ac-ft/yr)

2070

with Trends

(ac-ft/yr)

2070 

% Difference

Upper Basin Non-BRA Reservoirs (Upstream of PKR)



Key Findings – Water Supply

Reservoir Firm Yields Run-of-River Diversions

Upper Basin

Middle Basin

BRA System -

Lower Basin (Region H) -
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ATTAINMENT OF ENVIRONMENTAL FLOW STANDARDS



Brazos River near 

South Bend (BRSB23)

Brazos River near 

Palo Pinto (BRPP27)

Brazos River near 

Glen Rose (BRGR30)
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Changes in Regulated Flow



Navasota River near 

Easterly (NAEA66)

Little River near 

Cameron (LRCA58)

Brazos River near 

Hempstead (BRHE68)
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Changes in Regulated Flow



Baseflow during Average Summers

EF = engagement frequency 

EMPR = engaged plus met period reliability 

APS = average percent shortage

Original With Trends

Brazos Main Stem
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Attainment Frequency of Pulse Flows

Little River near Little River (LRLR53) Brazos River near Rosharon (BRRO72)

Brazos River near South Bend (BRSB23) Brazos River at Waco (BRWA41)

Original Hydrology Hydrology With Trends

PEP = Number of Engaged Pulses, as a percent of total required pulses
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CONCLUSIONS



Limitations

• Snapshot of a Trend
• Does not provide the cause for the trend
• Nor how the trend may change in the future

• Uncertainty in Trend Slopes
• Sensitive to start years, temporal scale, and major events

• Reliance on Historical Data
• The future may not follow historical trends

• Single Scenario
• Not an ensemble of potential future hydrology
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Water Planning Implications

• Decreases in Supply

• Surface water reliability in upper basin and RoR reliability in middle basin may decrease, 
warranting additional water management strategies

• Safe yield instead of firm yield to determine reliable supply from reservoirs

• Off-channel storage can increase reliability of RoR supply

• Increases in Supply

• Potential increases in firm reliability of large RoR users in Region H could be considered as 
possible sources to support resiliency and redundancy

• Follow-up study

• A model-based investigation of drivers of inter-decadal trends in streamflow in the Brazos 
River Basin. – Prof. Yu Zhang
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Links to Report and Supplemental Files

• Report link: 
• TWDB contract report #2100012466 (2021)

• Links to supplemental files:
• Trend-adjusted WAM input dataset

• Other WAM input files

• Amended Exhibit C will also refer to the 
study under section 2.3.5.1 and section 3. 
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https://www.twdb.texas.gov/publications/reports/contracted_reports/doc/2100012466.pdf
https://www.twdb.texas.gov/publications/reports/contracted_reports/doc/2100012466_2-F.pdf
https://www.twdb.texas.gov/publications/reports/contracted_reports/doc/2100012466_2-G.pdf


Contact Information

Spencer Schnier 
Spencer@rivulous.com
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