





4.5 DROUGHT SEVERITY IN TEXAS

Droughts are periods of less than average precipitation
over a period of time. The Palmer Drought Severity
Index is often used to quantify long-term drought
conditions and is commonly used by the U.S.
Department of Agriculture to help make policy
decisions such as when to grant emergency drought
assistance. The severity of drought depends upon
several factors, though duration and intensity are
the two primary components. The drought of record
during the 1950s ranks the highest in terms of both
duration and intensity (Table 4.1). However, it should
be noted that drought rankings can be misleading
since a single year of above average rainfall can
interrupt a prolonged drought, reducing its ranking.
Nonetheless, on a statewide basis, the drought of the
1950s still remains the most severe drought the state
has ever experienced based on recorded measurements
of precipitation. Other significant droughts in Texas
occurred in the late 1800s and the 1910s, 1930s, and
1960s. At the end of 2011, the 2011 drought may rank
among the most intense one-year droughts on record

in many climatic divisions.

4.6 CLIMATE VARIABILITY

The climate of Texas is, has been, and will continue
to be variable. Since variability affects the availability
of the state’s water resources, it is recognized by the
regional water planning groups when addressing
needs for water during a repeat of the drought of
record. More discussion on how planning groups
address climate variability and other uncertainties can

be found in Chapter 10, Challenges and Uncertainty.

Climate data are generally available in Texas from the
late 19th century to the present, but this is a relatively
short record that can limit our understanding of

long-term climate variability. Besides the variability
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measured in the record, historic variability can be
estimated through environmental proxies by the study
of tree rings, while future variability can be projected
through the analysis of global climate models. Annual
tree growth, expressed in a tree growth ring, is strongly
influenced by water availability. A dry year results in
a thin growth ring, and a wet year results in a thick
growth ring. By correlating tree growth ring thickness
with precipitation measured during the period of
record, scientists can extend the climatic record back

hundreds of years.

In Texas, scientists have completed precipitation
data reconstructions using post oak and bald cypress
trees. In the San Antonio area (Cleaveland, 2006),
reconstruction of precipitation using post oak trees
from 1648 to 1995 (Figure 4.6) indicates that the highest
annual precipitation was in 1660 (about 212 percent of
average) and the lowest annual precipitation was in

1925 (about 27 percent of average).

Drought periods in this dataset can also be evaluated
with seven-year running averages (Figure 4.7). The
drought of record that ended in 1956 can be seen in
this reconstruction, with the seven-year precipitation
during this period about 79 percent of average. This
record shows two seven-year periods that were drier
than the drought of record: the seven-year period that
ended in 1717 had precipitation of about 73 percent of
average, and the seven-year period that ended in 1755
had a seven-year average precipitation of about 78
percent. There have been about 15 seven-year periods
where precipitation was below 90 percent of average,

indicating an extended drought.

4.7 FUTURE VARIABILITY

Climate scientists have developed models to project

what the Earth’s climate may be like in the future under
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certain assumptions, including the composition of the
atmosphere. In simple terms, the models simulate
incoming solar energy and the outgoing energy in the
form of long-wave radiation. The models also simulate
interactions between the atmosphere, oceans, land,
and ice using well-established physical principles. The
models are capable of estimating future climate based
on assumed changes in the atmosphere that change
the balance between incoming and outgoing energy.
These models can provide quantitative estimates of
future climate variability, particularly at continental
and larger scales (IPCC, 2007). Confidence in these
estimates is higher for some climate variables, such as

temperature, than for others, such as precipitation.

While the climate models provide a framework
for understanding future changes on a global or
continental scale, scientists have noted that local
temperature changes, even over decades to centuries,
may also be strongly influenced by changes in
regional climate patterns and sea surface temperature
variations, making such changes inherently more
complex. According to John W. Nielsen-Gammon,
“If temperatures rise and precipitation decreases as
projected by climate models, droughts as severe as
those in the beginning or middle of the 20th Century
would become increasingly likely” (2011b). However,
the temperature increase began during a period of
unusually cold temperatures. It is only during the last
10 to 15 years that temperatures have become as warm
as during earlier parts of the 20th century, such as the
Dust Bowl of the 1930s and the drought of the 1950s.

Climate scientists have also reported results of model
projections specific to Texas, with the projected
temperature trends computed relative to a simulated
1980 to 1999 average. The projections indicate an
increase of about 1°F for the 2000 to 2019 period, 2°F
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for the 2020 to 2039 period, and close to 4°F for the
2040 to 2059 period (Nielsen-Gammon, 2011c).

Precipitation trends over the 20th century are not
always consistent with climate model projections.
The model results for precipitation indicate a decline
in precipitation toward the middle of the 21st
century. However, the median rate of decline (about
10 percent per century) is smaller than the observed
rate of increase over the past century. Furthermore,
there is considerable disagreement among models
whether there will be an increase or a decrease in
precipitation prior to the middle of the 21st century.
While the climate models tend to agree on the overall
global patterns of precipitation changes, they produce
a wide range of precipitation patterns on the scale of
Texas itself, so that there is no portion of the state that
is more susceptible to declining precipitation in the

model projections than any other.

Climate scientists have reported that drought is
expected to increase in general worldwide because
of the increase of temperatures and the trend toward
concentration of rainfall into events of shorter duration
(Nielsen-Gammon, 2011c). In Texas, temperatures
are likely to rise; however, future precipitation
trends are difficult to project. If temperatures rise
and precipitation decreases, as projected by climate
models, Texas would begin seeing droughts in the
middle of the 21st century that are as bad or worse as

those in the beginning or middle of the 20th century.

While the study of climate models can certainly
be informative during the regional water planning
process, there is a considerable degree of uncertainty
associated with use of the results at a local or regional
scale. The large-scale spatial resolution of most

climate models (typically at a resolution of 100 to
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200 miles by 100 to 200 miles) are of limited use for
planning regions since most hydrological applications
require information at a 30-mile scale or less. Recent
research, including some funded by TWDB, has been
focused in the area of “downscaling” climate models,
or converting the global-scale output to regional-
scale conditions. The process to produce a finer-scale
climate model can be resource-intensive and can only
be done one region at a time, thus making it difficult to
incorporate the impacts of climate variability in local

or region-specific water supply projections.

4.8 TWDB ONGOING RESEARCH

TWDB has undertaken several efforts to address
potential impacts from climate variability to water
resources in the state and how these impacts can be
addressed in the water planning process. In response
to state legislation, TWDB co-hosted a conference
in El Paso on June 17, 2008, to address the possible
impact of climate change on surface water supplies
from the Rio Grande (Sidebar: The Far West Texas
Climate Change Conference). The agency also hosted
two Water Planning and Climate Change Workshops

As a result of legislation passed during the 80th

Texas Legislative Session, TWDB, in coordination

with the Far West Texas Regional Water Planning

Group, conducted a study regarding the possible

impact of climate change on surface water supplies

from the portion of the Rio Grande in Texas subject
to the Rio Grande Compact. In conducting the study,

TWDB was directed to a convene a conference

within the Far West Texas regional water planning

area to review

* any analysis conducted by a state located west
of Texas regarding the impact of climate change
on surface water supplies in that state;

* any other current analysis of potential impacts
of climate change on surface water resources;
and

e recommendations for incorporating potential
impacts of climate change into the Far West
Texas Regional Water Plan, including potential
impacts to the Rio Grande in Texas subject
to the Rio Grande Compact, and identifying

feasible water management strategies to offset

any potential impacts.

THE FAR WEST TEXAS CLIMATE CHANGE CONFERENCE

The Far West Texas Climate Change Conference
was held June 17, 2008, in El Paso. Over 100
participants attended, including members of the
Far West Texas Regional Water Planning Group
and representatives from state and federal agencies,
environmental organizations, water providers,
universities, and other entities. TWDB published a
report on the results of the conference in December
2008. General policy recommendations from the
conference included
* continuing a regional approach to considering
climate change in regional water planning;
® establishing a consortium to provide a
framework for further research and discussion;
* reconsidering the drought of record as the
benchmark scenario for regional water
planning; and
e providing more funding for research,
data collection, and investments in water

infrastructure.
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in 2008 and 2009 to address the issue of climate on
a state level. The workshops convened experts in
the fields of climate variability and water resources
planning to discuss possible approaches to estimating
the impact of climate variability on water demand and
availability and how to incorporate these approaches

into regional water planning efforts.

In response to recommendations from these experts,
TWDB initiated two research studies. The Uncertainty
and Risk in the Management of Water Resources (INTERA
Incorporated and others, 2010) study developed
a generalized methodology that allows various
sources of uncertainty to be incorporated into the
regional water planning framework. Using estimates
of the probability of specific events, planners will
be able to use this model to analyze a range of
scenarios and potential future outcomes. A second,
on-going research study assessing global climate
models for water resource planning applications
is comparing global climate models to determine
which are most suitable for use in Texas. The study
is also comparing regionalization techniques used
in downscaling of global climate models and will
provide recommendations on the best methodology

for a given region.

The agency also formed a staff workgroup that leads

the agency’s efforts to

* monitor the status of climate science, including
studies for different regions of Texas;

® assess changes predicted by climate models;

* analyze and report data regarding natural climate
variability; and

* evaluate how resilient water management

strategies are in adapting to climate variability

and how regional water planning groups might

address the impacts.
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Until better information is available to determine the
impacts of climate variability on water supplies and
water management strategies evaluated during the
planning process, regional water planning groups
can continue to use safe yield (the annual amount of
water that can be withdrawn from a reservoir for a
period of time longer than the drought of record) and
to plan for more water than required to meet needs,
as methods to address uncertainty and reduce risks.
TWDB will continue to monitor climate policy and
science and incorporate new developments into the
cyclical planning process when appropriate. TWDB
will also continue stakeholder and multi-disciplinary
involvement on a regular basis to review and assess

the progress of the agency’s efforts.
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