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APPROACH OVERVIEW



Purpose and Key Steps

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

Prepare time series at various timescales.
Assess presence and significance of trends.
Select trends to apply based on Kendall’s tau.

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

Adjust monthly time series from WAM.




Methods — The Gist

A time series with a trend
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Methods — The Gist

Fit a trendline (predicts average conditions)
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Methods — The Gist

Extrapolate the trend to estimate average in 2070
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Methods — The Gist

Swing the line from the trended average to the new average
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Methods — The Gist

Goal: 76 years of 2070 hydrology
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Methods — The Gist

Goal: 76 years of 2070 hydrology
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Methods

FLO — Calculate adjustment factor(s) for
incremental flow at each control point.
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EVA — Calculate adjustment factor(s) for
precipitation and gross evaporation
(based on trends in avg temperature) for
each climate division.
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TRENDS IN STREAMFLOW

|dentified Trends and Adjustments to .FLO File



l[dentifying a Trend in Incremental Flow

Trend in Annual Average Incremental Naturalized Flow \

BRSE11 — Brazos River at Seymour
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Adjusting Incremental Flows

Changes to Incremental Naturalized Flow

BRSE11 - Brazos River at Seymour (2070)
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Adjusting Naturalized Flows

Changes to Total Naturalized Flow

BRSE11 - Brazos River at Seymour (2070)
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Basin-Wide Impacts of Trend Adjustments to Flow
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TRENDS IN TEMPERATURE AND PRECIPITATION

Identified Trends and Adjustments to .EVA file



Temperature Trends
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Temperature Trends

Annual Trend, 4103 North Central Climate Division
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Adjustments to EVA File
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FLO and EVA Files — 2070 Conditions

** Date Copied: Notes: EVA file adjusted for significant trends in precipitation and gross evaporation, as a function of temperature, for t
EV366631 1940 0.226 ©0.285 0.600 ©0.450 ©.582 ©.651 1.065 ©.682 0.803 0.670 0.137 0.228
EV368131 1940 ©0.221 0.244 0.602 0.401 0.553 ©.712 1.085 0.757 0.787 0.629 0.163 0.295 306
__|EV370431 1940 ©0.223 0.188 0.605 ©0.509 0.606 ©.563 1.172 0.637 0.903 0.583 0.223 0.299 405
EV368931 1940 0.217 0.156 0.587 ©0.496 0.646 ©.627 1.149 ©0.702 0.899 0.515 0.149 0.286 406
EV341131 1940 0.288 ©0.241 0.603 0.511 0.535 ©0.667 ©.976 ©0.484 0.784 0.542 0.306 0.316 407
ral'ued flows bas £y341331 1940 0.271 0.178 0.620 ©0.439 0.416 ©0.497 0.944 0.483 0.723 0.549 0.230 0.243 408
40 to 2015 naty 16796 138%ev3aas01 1940 ©0.223 0.126 0.546 ©0.300 ©.349 0.258 0.893 0.568 0.624 0.540 -0.032 0.011 409
0495 o4 796 17|ev371431 1940 ©0.271 0.302 0.595 0.631 0.673 0.613 ©.918 0.709 0.767 0.507 0.300 0.364 506
795 8A2 978 3|ev372031 1940 0.276 ©.238 0.586 ©0.605 0.649 0.575 ©.947 0.562 0.752 0.590 0.206 ©.330 507
53 2 ° 60801 219 £va13331 1940 ©0.321 ©0.204 0.600 ©.385 0.417 ©0.371 0.794 0.586 0.805 0.630 0.230 0.296 508
35683 77 313669 87¢£v220131 1940 0.254 0.147 0.540 ©0.258 0.350 ©.147 ©.933 0.633 0.804 0.669 -0.086 ©.107 509
46335 107270 L0617 7021Ev227031 1940 0.168 0.116  0.498 ©0.073 0.176 ©0.247 0.578 0.765 0.803 0.594 -0.258 -0.094 510
9 6 240030 27 gv225331 1940 0.255 ©.139 0.470 0.192 0.426 0.071 ©.712 0.733 0.838 0.558 -0.126 ©.140 609
63 633822 1367Ev228731 1940 ©.199 ©.090 ©0.422 ©0.021 0.450 -0.037 0.556 ©.748 ©0.768 ©0.427 -0.351 ©0.003 610
76459 273354 3 Evane331 1940 0.078 -0.035 0.321 -0.052 0.100 ©.053 ©.367 ©0.583 0.538 0.383 -0.582 -0.137 611
5530 25/£v299231 1940 ©0.208 -0.070 0.283 0.076 ©.261 -0.186 ©.446 0.680 0.645 ©0.294 -0.238 -90.032 710
129071 12 8 621461 118 £v375931 1940 ©0.118 -0.087 0.263 -0.010 -0.009 -0.237 @.275 0.557 0.477 0.243 -0.677 -0.246 711
47169 195315 3470 3 233225 Jevs31531 1940 0.063 -0.127 0.216 -0.126 0.077 -0.191 ©.258 ©0.287 0.404 0.215 -0.929 -0.445 712
647 6302 616631 13gvae1ea1 1940 0.061 -0.078 0.179 0.074 0.210 0.150 ©.168 0.451 ©.320 0.102 -0.561 -0.301 812
7 199428 29 640842 13 pvs16841 1940 ©0.053 -0.092 0.085 -0.052 0.293 0.078 ©.269 0.300 ©.357 0.219 -0.510 -0.432 813
51 3 256 145059  |EV414231 1940 ©0.285 ©.219 0.593 0.467 0.530 0.412 0.870 0.555 0.785 0.588 0.219 0.318 Abilene
1960 67 EV4146P1 1940 ©0.263 0.233 0.595 0.559 0.628 0.624 ©.971 0.584 0.772 0.503 0.240 0.324 Alan Henry
130 98345 210314 |EV527231 1940 0.168 -0.036 ©0.313 0.032 0.192 -0.134 0.408 0.647 0.605 0.321 -0.431 -0.099 Alcoa
27114 105045 2875 7470 |EV292531 1940 ©0.088 -0.084 0.230 0.063 0.151 -0.080 ©.243 0.485 0.414 0.112 -0.664 -0.274 Allens Creek
0 809 1674 |EV515831 1940 0.156 ©.067 0.398 0.007 0.233 0.166 ©.497 0.687 0.697 0.458 -0.365 -0.051 Aquilla
227 2547 5263 |EV293631 1940 ©0.208 ©.045 ©0.381 ©0.086 0.388 -0.072 0.560 0.726 ©.736 0.391 -0.257 0.005 Belton
o 597 2414 |EV532842 1940 0.048 -0.052 0.181 0.116 0.218 0.127 ©.187 0.384 0.258 0.025 -0.517 -0.285 Brazoria
132 755 8735 |EV526831 1940 0.109 -0.075 0.276 -0.020 0.016 -0.170 ©.296 0.563 ©.491 0.275 -0.655 -0.221 Bryan Utilities
3 207 21919 90675 |EV370631 1940 ©0.219 0.184 0.593 0.483 0.622 0.628 1.138 0.695 ©.878 0.555 0.162 0.284 Buffalo Springs
) 2065 8150 33855 EV530131 1940 0.081 -0.085 ©0.268 -0.085 0.852 -0.105 ©.307 0.462 ©0.446 0.299 -0.725 -0.253 Camp Creek
) 36 1 253 5535|Ev421131 1940 ©0.255 ©.147 0.534 0.286 0.380 ©0.212 ©.887 0.641 0.853 0.657 0.035 0.180 Cisco
) 72 223 11601 Ev421431 1940 ©0.251 ©.145 0.550 ©0.305 0.359 0.253 0.925 0.602 ©.797 0.655 0.030 0.141 Daniel
[} 63 182 797EV344031 1940 ©0.276 ©.195 0.615 0.458 0.447 0.543 0.952 0.483 0.739 0.547 0.250 0.262 Davis
[} 108 243 98/EV549231 1940 0.053 -0.061 ©.180 ©.098 0.215 0.135 ©.180 0.407 ©.279 0.051 -0.532 -0.291 Eagle Nest
11 54 1082 1537 EV416131 1940 ©0.303 ©.210 0.600 0.441 0.468 0.452 0.857 0.510 0.783 0.604 ©.233 0.297 Fort Phantom Hill
197 4809 19EV516231 1940 ©0.210 -0.002 0.339 0.100 0.337 -0.120 0.526 ©0.768 0.697 ©0.343 -0.230 -0.015 Georgetown
Qo ) 2815 1177Ev531131 1940 ©0.083 -0.097 0.253 -0.085 0.043 -0.152 0.288 ©0.431 0.433 0.269 -0.766 -0.295 Gibbons Creek
A 426 910 35/EV345831 1940 0.239 ©.137 0.551 ©6.314 0.357 0.280 ©.924 0.585 ©.743 0.615 0.031 0.108 Graham
) 256 1260 26/EV515631 1940 ©0.198 0.121 0.493 0.116 0.275 0.170 0.660 ©0.732 0.802 0.582 -0.221 -0.015 Granbury
2] 354 ) JEV516331 1940 ©0.180 -0.038 0.312 0.044 0.232 -0.137 0.431 0.665 0.629 0.323 -0.364 -0.069 Granger
0 e 2566 10(Ev421331 1940 ©0.249 0.143 0.552 ©.317 0.360 ©0.281 ©.925 0.593 0.794 0.649 0.058 0.149 Hubbard Creek
A 389 8271 39 EV415031 1940 ©0.295 ©0.213 0.595 0.441 0.495 ©.399 0.848 0.541 0.792 0.599 0.222 0.311 Kirby
821 7113 15037 72Eva34531 1940 ©.143 0.036 0.380 -0.006 ©.279 0.021 0.468 0.673 0.659 0.415 -0.460 -0.059 Lake Creek
1493 12932 2291 EV347031 1940 ©0.253 0.146 0.532 0.270 0.373 0.179 0.896 0.646 ©0.836 0.653 -0.017 0.152 Leon
481 1318 10902 2/EV516531 1940 ©0.098 -0.041 0.313 -0.056 0.097 -0.003 ©.357 0.531 0.503 0.362 -0.640 -0.177 Limestone
L 19761 4 EVa35533 1940 ©0.146 -0.003 0.345 ©0.005 0.212 -0.042 0.426 0.650 0.618 0.371 -0.473 -0.090 Marlin City
(] 2415 ) EV528731 1946 ©0.116 0.010 0.355 -0.022 0.152 ©0.084 ©.418 0.625 0.597 0.416 -0.500 -0.094 Mexia
87 2716 6074 EV344431 1940 ©0.278 0.181 0.611 ©0.412 0.411 0.439 0.906 ©0.490 0.709 0.549 0.184 0.219 Millers Creek
1308 9050 3163 EV403931 1940 ©0.208 ©.117 0.520 0.178 0.256 ©.212 ©.719 0.657 ©.752 0.594 -0.127 0.010 Mineral Wells
681 4713 5588 | EV403131 1940 ©0.227 ©0.129 0.529 0.212 0.29 ©.187 0.810 0.647 0.772 0.624 -0.110 ©.049 Palo Pinto
1203 8327 5608 |EV410631 1940 ©0.161 ©.088 0.437 0.033 0.198 0.173 0.528 0.716 0.738 0.515 -0.315 -0.068 Pat Cleburne
1021 20918 @ |EV515531 1940 0.242 0.139 0.542 0.274 0.350 ©0.190 0.917 0.608 0.735 0.619 -0.065 ©.070 Possum Kingdom
[ 2473 |EV371131 1940 ©0.304 ©0.248 0.793 0.714 0.845 0.843 1.408 0.826 1.103 0.669 0.256 ©.393 Post
397 103?;5-; 1151 |EV515931 1940  0.255 5 0.143  0.506 5109.2225 9.387 ©.1160 0.825 ©0.682 0.821 0.615 -0.105 0.123 Proctor
80 ] 574 438 = 35744 18790
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IMPACTS TO WATER SUPPLY
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Key Findings — Water Supply
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ATTAINMENT OF ENVIRONMENTAL FLOW STANDARDS




Changes in Regulated Flow
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—— Original hydrology
—— Hydrology adjusted for trend
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Baseflow during Average Summers
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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

e Reliance on Historical Data
* The future may not follow historical trends

* Single Scenario
* Not an ensemble of potential future hydrology



Water Planning Implications

e Decreases in Supply

e 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



Links to Report and Supplemental Files

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

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

e Other WAM input files
e Amended Exhibit C will also refer to the

study under section 2.3.5.1 and section 3.

Assessment of How Trends in the Brazos
River Basin May Affect Surface Water
Availability and Attainment of
Environmental Flow Standards

TWDB Contract Number 2100012466

August 2021

Prepared by:

FREESE AND NicHOLS, INC.
10431 Morada Circle, Ste 300
Austin, Texas 78759
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HDR ENGINEERING, INC. TeEXAS WATER DEVELOPMENT BOARD Rivurous, LLC
900 East Pecan St., Na. 300-111

4401 West Gate 8lvd., Sute 400 P.0. Box 13231, Captol Station
Austin, Texas 78745 Austin, Texas 78711 Pflugerville, Texas 78660

Pursuant to House Bil 1, as approved by the 86th Texas Legislature, this study report was funded for the purpose of

studying environmental fiow needs for Texas rivers and estuaries as part of the adaptive management phase of the Senate

8 3 process for envircnmental flows established by the 80th Texas Legislature. The views and conclusions expressed
erein are those of the author(s) and do not necessarily reflect the views of the Texas Water Development Board.


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
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