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Abstract 
Supplying water to two of the top ten largest cities in the U.S. (i.e. Dallas and Houston), the 
Trinity River Basin (TRB) plays an important role in the Texas’ growth. To meet the needs from 
the increasing water demand, and to mitigate flood risks, a number of reservoirs have been 
constructed during the past 60 years. Due to global warming, the climate has become extremely 
variable, which has exacerbated the frequency and magnitude of extreme events (e.g., flood and 
drought). Therefore, the objective of this study is to evaluate how climate variability and 
population growth will impact water supply reliability in the TRB. To this end, future forcings 
generated from an ensemble of General Circulation Models (GCMs) under different 
Representative Concentration Pathways (RCP) scenarios will be used to drive a fully distributed 
hydrologic model, which has a multi-purpose reservoir module. The Quantile Mapping 
Downscaling method will be adopted to represent the climatic heterogeneity at a fine scale. 
Results for future time periods will be analyzed and compared with the historical baseline to 
exploit the long-term trend. Accordingly, optimal plans to improve the adaptive capacity of the 
water supply—while mitigating the losses due to disasters in the TRB—will be recommended. 
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Title: Connecting Climate Variability with Water Supply Reliability: A Case Study in the 

Trinity River Basin, Texas 

Statement of regional or State water problem 

A reliable water supply system is crucial for sustaining socio-economic development in the 
fast growing State of Texas. The reliability of the water supply affects the availability of 
municipal, industrial, agricultural, and environmental water use. To enhance the reliability level 
of local water supplies, many efforts have been proposed and implemented around the world—
including reservoir construction, water conservation, and salt/brackish water desalination. In the 
past, most water infrastructure projects and policies were designed and operated based on the 
assumption of stationarity—that the local climate is fixed and, on average, the weather moving 
forward will be the same as it has been in the past (Milly et al., 2008). However, with the 
increasing amount of greenhouse gases (GHG) accumulating in the atmosphere, both energy and 
water budget terms have been altered considerably across multiple scales. Consequently, natural 
variability can no longer explain the increased frequency of extreme events (e.g. floods and 
droughts; Zhao et al., 2015). Thus, understanding the extent to which the water supply reliability 
level will be affected by the joint pressures of climate change and population growth is of great 
importance to better support the decision making process in Texas.  

In this study, we focus on the Trinity River Basin (TRB) to evaluate the effect of climate 
change induced variability on water supply reliability. As the longest river (1142 km) flowing 
entirely in Texas, the Trinity River adds an average of 5.7 billion cubic meters of freshwater to 
the Gulf of Mexico per year. However, its streamflow is highly variable due to the large 
precipitation anomalies in the region. Meanwhile, the TRB bears the water supply responsibility 
for Dallas (entirely) and Houston (partially), two of the top ten cities (in terms of population) in 
the US. During the past 60 years, a number of reservoirs have been constructed to mitigate losses 
due to extreme events (e.g., floods and drought) and to increase water resilience. Specifically, 
Lake Livingston, which provides water for the City of Houston, is the second largest reservoir in 
Texas. Even though these reservoirs can meet current water demand, there is a growing concern 
about whether they will be sustainable under the combined pressures from population growth 
and more variable climate conditions. 
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Statement of results or benefits 

Results of this study mainly consist of three parts: trends of climate variability from the past 
into the future, the effects of these trends on the hydrological cycle, and the subsequent impacts 
on the water supply system in the TRB.  



First, the trend analysis of climate variability will be able to demonstrate whether climate 
change will induce more variability. Texas is located in the climate transition zone (from the 
humid zone to the arid/semi-arid zone), which makes it vulnerable to changes in climate 
variability. Several studies show that global climate variability will increase dramatically with 
the growing GHG concentration in the atmosphere. However, for specific regions, this statement 
is still uncertain. Thus, the initial results of this study intend to find the answer by quantitatively 
revealing the changes of climate within the TRB. 

Second, using a modeling approach, the response of the hydrological cycle to this change of 
climate variability will be evaluated. Hydrological variables to be investigated include soil 
moisture, evapotranspiration, streamflow, and reservoir water level.  

Third, due to the inclusion of a reservoir module in our modeling method, water supply 
reliability will be quantified for the entire basin (which bears water supply responsibility for two 
megacities—Dallas and Houston). Using the results obtained, some practical strategies will be 
proposed in this study.  

It is expected that this study will be beneficial for improving the adaptive capacity—and the 
overall sustainability—of Texas water resources management practices, under the substantial 
impacts of a more variable climate. 

 

Nature, scope, and objectives of the project, including a timeline of activities 

Nature 
This project is a systematic analysis of basin scale water supply reliability under the impacts 

of climate variability. Some basic features of this project are as follows: 

1. It focuses on one Texas river basin (i.e., TRB), which is of the highest importance for 
Texas urban water supply. 

2. It will evaluate the effects of large climate variability on the water supply system at the 
basin scale.  

3. It will take into account climate uncertainties, such as the GCM uncertainty and the GHG 
emission uncertainty. 

4. Results from this project will be used to assist decision making related to future water 
resources management practices. 

5. The methodology of this study is applicable to most of the managed watersheds 
throughout the world. 

 

Scope 
The scope of this project focuses on the TRB. Because it is a basin scale study, the potential 

beneficial groups include: policy makers for the basin, current and potential water users in the 
area, and two megacities (i.e. Dallas and Houston).  



 

Objective 
The objective of this study is to evaluate future water supply reliability in the TRB through 

simulating reservoir storage in this basin under various scenarios.  

 

Timeline of activities 
1. March 2016 – March 2016: Literature review 
2. April 2016 – June 2016: Model input data preparation 
3. July 2016 – October 2016: Model calibration, validation, and scenario based simulations 
4. November 2016 – December 2016: Results analysis 
5. January 2017 – February 2017: Project finalization and report writing 

 

Methods, procedures, and facilities 

Climate variability includes natural long-term variability and short-term GHG induced 
variability. Basically, the natural long-term variability range is bounded by a specific envelope, 
while the near-term variability increases with the rising GHG concentration (resulting in overall 
increases of climate variability). In this study, to assess the trend of climate variability, three time 
periods (i.e. 1970-1999, 2020-2049, and 2070-2099) will be compared. A physically-based and 
fully-distributed hydrologic model (i.e. the Distributed Hydrology Soil Vegetation Model, 
DHSVM) will be used to conduct the study. Due to its high spatial/temporal resolution and its 
accurate representation of most of the hydrological processes, DHSVM is highly appropriate for 
regional water resources management. However, the current public version of DHSVM lacks the 
capability for reservoir simulation. Thus, the applicant developed a new multi-purpose reservoir 
module and tested it over Lake Whitney (Zhao et al., 2016). This newly integrated model will be 
employed in this study. 

First of all, to guarantee the applicability of the model, calibration and validation will be 
implemented. Then simulation will be made during the three study periods. During the historical 
period, observed climatology from Livneh et al. (2013) will be used to drive the model. For the 
two future periods, forcings from the Coupled Model Intercomparison Project Phase 5 (CMIP5) 
will be employed. Trend analysis will be implemented based on the results comparison between 
these three periods. In order to take the GHG emission uncertainty into account, all four 
Representative Concentration Pathways (RCPs) will be incorporated into the simulations. 
Detailed modeling steps are proposed as follows:  

1. Bias-corrected projected forcing data will be downloaded and then spatially and 
temporally downscaled using the quantile mapping method. The quantile mapping method 
is selected because it can successfully capture the distribution of future climate (in terms 
of both mean and variance). Accordingly, the future climate variability can be 
incorporated into the downscaled forcing data.  

2. Driven by the downscaled forcing data under different RCPs, DHSVM will be employed 
to investigate the climate change effects on streamflow and reservoir systems.  

3. Future water supply reliability (with population growth and its uncertainty incorporated) 
will be calculated and compared with the baseline run (i.e. 1970-1999).  



4. Based on the results of the analyses, feasible adaptive strategies for reservoir management 
in the TRB will be proposed.  
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Related research 

This USGS Graduate Research Program is related to the other program the applicant is 
working on – the Mills Scholars Program for 2015-2016, entitled “Future water availability in 
Texas cities under urbanization and climate change: A case study in Dallas”. However, the scope 
for the Mills program is focused on the city of Dallas and the combined effects of urbanization 
and climate change. Climate change effects will be evaluated based on magnitude changes (e.g. 
the observed and predicted amount of precipitation change from 1970-1999 to 2020-2049). This 
USGS program will be focused on the basin scale (i.e. TRB) and on connecting climate 
variability with water supply reliability. Climate variability will be the major concern because it 
has a tighter connection with extreme events such as flood and drought, which are more critical 
issues in water resources management. The matching fund to this project is from Dr. Huilin Gao. 

 

Training potential 

This proposed study will mainly be carried out by the applicant, who is currently a Ph.D student.  
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