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Key Messages

Temperatures in Texas have risen almost 1.5°F since the beginning of the 20th
century. Historically unprecedented warming is projected during this century, with
associated increases in extreme heat events.

Although projected changes in annual precipitation are uncertain, increases in extreme
precipitation events are projected. Higher temperatures will increase soil moisture loss during dry
spells, increasing the intensity of naturally occurring droughts.

Future changes in the number of landfalling hurricanes in Texas are difficult to project. As the climate warms,
hurricane rainfall rates, storm surge height due to sea level rise, and the intensity of the strongest hurricanes are
all projected to increase.

The Texas climate is characterized by hot summers and mild to cool winters. Three geographical features largely influence

the state’s varied climate: the Rocky Mountains block intrusions of moist Pacific air from the west and tend to channel arctic
air masses southward during the winter; the relatively flat central North American continent allows easy north and south
movement of air masses; and the Gulf of Mexico serves as the primary source of moisture, which is most readily available

to the eastern part of the state. As a result of these factors, the state exhibits large east-west variations in precipitation and

is subject to frequent and varied extreme events, including hurricanes, tornadoes, droughts, heat waves, cold waves, and
extreme precipitation. Due to rapid population growth, especially in urban areas, increased demand for limited water supplies
may increase Texas’s vulnerability to naturally occurring droughts.

Temperatures in Texas have risen almost 1.5°F since the beginning of the 20th century (Figure 1). While there is no overall
trend in extremely hot days (Figure 2), the number of very warm nights was particularly high during the 2010s (Figure 3). The
urban heat island effect increased these occurrences in city centers. The summer of 2011 was the warmest summer on record
(since 1895) and broke the state record for highest average number of days with temperatures of 100°F or more. The Dallas-
Fort Worth area endured 40 consecutive days with temperatures higher than 100°F, which was the second-longest streak on
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1900-2020. Projected changes for 2006—-2100 are
from global climate models for two possible futures:
one in which greenhouse gas emissions continue
to increase (higher emissions) and another in which
greenhouse gas emissions increase at a slower rate
(lower emissions). Temperatures in Texas (orange
line) have risen almost 1.5°F since the beginning
of the 20th century. Shading indicates the range
of annual temperatures from the set of models.
Observed temperatures are generally within the
envelope of model simulations of the historical period
(gray shading). Historically unprecedented warming
is projected during this century. Less warming is
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record (1899-2020). The record dry conditions contributed
to the higher temperatures. Daily minimum temperatures
in January typically range from about 20°F in the northern
Panhandle to about 50°F near the mouth of the Rio Grande
River. The annual number of entire days below freezing was
well above average in the 1970s and 1980s but has since
been near the long-term average (Figure 4a).

Precipitation is widely variable across Texas, with normal
amounts ranging from less than 10 inches in the far west to more
than 60 inches in the extreme southeast. Historically significant
droughts occurred in the late 1910s, the early 1950s, and the
early 2010s; the driest calendar years were 1917, 1956, and 2011
(Figure 4b). The driest consecutive 5 years was the 1952-1956
interval and the wettest was the 2015-2019 period. In the 1990s
and early 2000s, the number of 3-inch extreme precipitation
events was above average, and after the dry period of 2005—
2014, they were well above average during the 2015-2020 period
(Figure 4c). The five wettest months on record have all occurred
since the year 2000, led by 9.1 inches in May 2015. Hurricane
Harvey (2017) was the most destructive event in Texas history,
mostly due to the unprecedented rainfall, which contributed to
the second wettest month on record despite affecting only part
of the state. After making landfall on August 25, Harvey slowed
and was nearly stationary for several days near Houston. Rainfall
exceeded 30 inches in many locations, and a few locations had
more than 50 inches (Figure 5). Catastrophic flooding occurred
across much of southeast Texas.

Texas is consistently ranked in the top 10 states affected
by extreme events. In 2020, the state was hit by eleven of
the nation’s billion-dollar disasters. The three most impactful
events were drought, extreme heat, and wildfires. The
warmest and the driest summer in the historical record
helped fuel the worst wildfire season since statewide
records began (approximately 1990), with nearly 4 million
acres burned and almost $750 million in damages. Since the
creation of the United States Drought Monitor Map in 2000,
Texas has been completely drought-free for approximately
8% of the time (2000-2014), and at least half of the state has
been under drought conditions for approximately 42% of the
same period. Paleoclimatic records indicate that droughts as
severe as the one in 2011 have occurred occasionally in the
past 1000 years (Figure 6). Higher temperatures and drought
conditions are likely to increase the severity, frequency, and
extent of wildfires in the future, threatening significant harm
to property, human health, and the livelihood of residents.

Over the period of 1900 to 2020, Texas endured more than 85
tropical storms and hurricanes (about 3 storms every 4 years);
approximately half of them (46) were hurricanes (Figure 4d).
Since 2000, Texas has experienced 19 named storms, including
8 destructive hurricanes, with Hurricane Harvey (Category

4), Hurricane Rita (Category 3), and Hurricane Ike (Category

2) causing the most significant damage. While Hurricane Rita
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Figure 2: Observed annual number of extremely hot days (maximum
temperature of 100°F or higher) for Texas from 1900 to 2020. Dots
show annual values. Bars show averages over 5-year periods (last
bar is a 6-year average). The horizontal black line shows the long-
term (entire period) average of 20 days. The number of extremely
hot days in Texas was mostly above average between 1910 and
1960 and has been below average since the 1960-1964 period,
with the exception of the 2010-2014 period. Sources: CISESS and
NOAA NCEI. Data: GHCN-Daily from 24 long-term stations.
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Figure 3: Observed annual number of very warm nights (minimum
temperature of 75°F or higher) for Texas from 1900 to 2020. Dots
show annual values. Bars show averages over 5-year periods
(last bar is a 6-year average). The horizontal black line shows the
long-term (entire period) average of 20 days. The 1970s saw a
record low number of very warm nights. That number increased in
the early 21st century, with the record highest number occurring in
the 2010—-2014 period. Sources: CISESS and NOAA NCEI. Data:
GHCN-Daily from 24 long-term stations.
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85833835 3 38 8 % (maximum temperature of 32°F or lower), (b) total annual precipitation,
5-year Period (c) annual number of 3-inch extreme precipitation events (days with

precipitation of 3 inches or more), and (d) total number of hurricane
events (wind speeds reaching hurricane strength somewhere in the state) for Texas from (a, c, d) 1900 to 2020 and (b) 1895 to
2020. In Figures 4a, 4b, and 4c, bars show averages over 5-year periods (last bar is a 6-year average), dots show annual values,
and the horizontal black lines show the long-term (entire period) averages: (a) 2.4 days, (b) 27.2 inches, (c) 0.8 days. In Figure
4d, bars show totals over 5-year periods (last bar is a 6-year total). The number of entire days below freezing was above average
in the 1970s and 1980s, but since then it has been mostly below the long-term average. Annual precipitation has varied year to
year but was well above average during the 2015-2020 period. The number of extreme precipitation events was above average
during the 1990s and early 2000s and again in the 2015—2020 period. A typical reporting station experiences about one 3-inch
precipitation event per year. There is no long-term trend in the number of hurricanes. Sources: CISESS and NOAA NCEI. Data:
(@) GHCN-Daily from 24 long-term stations; (b) nClimDiv; (c) GHCN-Daily from 47 long-term stations.

caused the largest U.S. evacuation in history, Hurricane Harveyis ~ Under both higher and lower emissions pathways,

the costliest hurricane in Texas history, with an estimated $136 historically unprecedented warming is projected by the
billion in damages. Storm surges between 11 and 13 feet along end of this century (Figure 1). However, a large range of

the Texas coast typically have return periods of 25 years (Figure temperature increases is projected under both pathways, and
7). Over the past 30 years (1991-2020), Texas has averaged 149 under the lower pathway, a few projections are only slightly
tornadoes and 4 tornado fatalities per year. Events can occur all warmer than historical records. Increases in the number

year, though activity typically peaks between April and June. of extremely hot days and decreases in the number of
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extremely cold days are projected to accompany the overall
warming. By 2055, an estimated increase of 20—30 days
with temperatures higher than 95°F is projected under one
pathway, with the greatest increase in southwestern Texas.

Future changes in annual average precipitation are generally
projected to be small (Figure 8), but an increase in extreme
precipitation is likely. Furthermore, even if average
precipitation does not change, higher temperatures will
increase the rate of soil moisture loss, likely leading to more
intense naturally occurring droughts. Longer dry spells are
also projected.

Increased drought severity and increased human demand
for surface water will cause changes in streamflow, with
extended reductions of freshwater inflow to Texas bays and
estuaries. These changes in streamflow will cause temporary
or permanent changes to bay salinity and oxygen content,
which will have potentially major impacts on bay and estuary
ecosystems, such as negatively affecting organism growth,
reproduction, and survival.

Future changes in the frequency and severity of tornadoes,
hail, and severe thunderstorms are uncertain. However,
hurricane intensity and rainfall are projected to increase for
Texas as the climate warms.

Hurricane Harvey Rainfall, August 24-31, 2017
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Figure 5: Rainfall totals in southeast Texas from Hurricane
Harvey for August 24-31, 2017. Large areas received more than
30 inches of rainfall, with more than 50 inches in a few locations.
The Houston metro area experienced massive flooding, displacing
tens of thousands of residents and damaging or destroying more
than 100,000 homes and businesses. Source: Martinaitis et al.
2021, Figure 12a. © American Meteorological Society. Used
with permission.

Since 1900, global average sea level has risen by about 7-8
inches. It is projected to rise another 1-8 feet, with a likely
range of 1-4 feet, by 2100 as a result of both past and future
emissions from human activities (Figure 9). Sea level rise has
caused an increase in tidal floods associated with nuisance-
level impacts. Nuisance floods are events in which water
levels exceed the local threshold (set by NOAA’s National
Weather Service) for minor impacts. These events can
damage infrastructure, cause road closures, and overwhelm
storm drains. As sea level has risen along the Texas coastline,
the number of tidal flood days has also increased, with the
greatest number occurring in 2020 (Figure 10). Future sea
level rise will increase the frequency of nuisance flooding and
the potential for greater damage from storm surge.

Texas Palmer Drought Severity Index
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Figure 6: Time series of the Palmer Drought Severity Index for
Texas from the year 1000 to 2020. Values for 1895-2020 (red)
are based on measured temperature and precipitation. Values
prior to 1895 (blue) are estimated from indirect measures such
as tree rings. The variances between the two segments may not
be homogeneous because of these data and methodological
differences. The fluctuating black line is a running 20-year average.
Periods of drought are common in Texas; the most severe droughts
since 1895 were those in 1956 and 2011. Prior to 1895, droughts of
the 1956 and 2011 severity occurred occasionally. Sources: CISESS
and NOAA NCEI. Data: nClimDiv and NADAv2.
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Figure 7: Storm surge heights occurring at selected average return
intervals (10, 25, 50, and 100 years) along the northeast coast
of Texas. Sources: CISESS and NOAA NCEI. Data: Needham
et al. 2012.
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Projected Change in Annual Precipiation
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Figure 8: Projected changes in total annual precipitation (%) for the
middle of the 21st century compared to the late 20th century under
a higher emissions pathway. Hatching represents areas where
the majority of climate models indicate a statistically significant
change. Texas is part of a large area in the southwestern and central
United States with projected decreases in annual precipitation, but
most models do not indicate that these changes are statistically
significant. Sources: CISESS and NEMAC. Data: CMIP5.
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Figure 9: Global mean sea level (GMSL) change from 1800 to 2100.
Projections include the six U.S. Interagency Sea Level Rise Task
Force GMSL scenarios (Low, navy blue; Intermediate-Low, royal
blue; Intermediate, cyan; Intermediate-High, green; High, orange;
and Extreme, red curves) relative to historical geological, tide gauge,
and satellite altimeter GMSL reconstructions from 1800-2015 (black
and magenta lines) and the very likely ranges in 2100 under both
lower and higher emissions futures (teal and dark red boxes). Global
sea level rise projections range from 1 to 8 feet by 2100, with a
likely range of 1 to 4 feet. Source: adapted from Sweet et al. 2017.

Observed and Projected Annual Number
of Tidal Floods for Port Isabel, TX
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Figure 10: Number of tidal flood days per year at Port Isabel, TX, for
the observed record (1944-2020; orange bars) and projections for
2 NOAA (2017) sea level rise scenarios (2021-2100): Intermediate
(dark blue bars) and Intermediate-Low (light blue bars). The NOAA
(2017) scenarios are based on local projections of the GMSL
scenarios shown in Figure 9. Sea level rise has caused a gradual
increase in tidal floods associated with nuisance-level impacts.
The greatest number of tidal flood days (all days exceeding the
nuisance-level threshold) occurred in 2020 at Port Isabel. Projected
increases are large even under the Intermediate-Low scenario.
Under the Intermediate scenario, tidal flooding is projected to occur
nearly every day of the year by the end of the century. Additional
information on tidal flooding observations and scenarios is available
at https://statesummaries.ncics.org/technicaldetails. Sources:
CISESS and NOAA NOS.

Technical details on observations and projections are available online at https://statesummaries.ncics.org/technicaldetails.

WWW.NCEI.NOAA.GOV | HTTPS://STATESUMMARIES.NCICS.ORG/CHAPTER/TX/ | LEAD AUTHORS: JENNIFER RUNKLE, KENNETH E. KUNKEL

CONTRIBUTORS: JOHN NIELSON-GAMMON, REBEKAH FRANKSON, SARAH M. CHAMPION, BROOKE C. STEWART, LUIGI ROMOLO, WILLIAM SWEET

TEXAS | 5


http://WWW.NCEI.NOAA.GOV
https://statesummaries.ncics.org/chapter/tx/
https://statesummaries.ncics.org/technicaldetails
https://statesummaries.ncics.org/technicaldetails

