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Weather, climate and extreme 
events are key considerations 
in structural engineering design 
and practice. Weather is defined 

as “the state of the atmosphere with respect to 
wind, temperature, cloudiness, moisture, pressure, 
etc.” (NWS, 2013). Weather generally refers to 
short-term variations on the order of minutes 
to about 15 days (NSIDC, 2012). Climate, on 
the other hand, “is usually defined as the aver-
age weather, or more rigorously, as the statistical 
description in terms of the mean and variability of 
relevant quantities over a period of time ranging 
from months to thousands or millions of years” 
(IPCC, 2007). An extreme event is a weather 
event that is rare at a particular place and time of 
year (IPCC, 2007). For instance, at Washington 
Reagan National Airport on June 25 (Washington 
Post June 26, 2013), the normal high temperature 
is 87°F (climate), the high in 2013 was 93°F 
(weather) and the record high was 100°F in 1997 
(extreme event).
Scientists have reached a consensus that weather, 

climate and extreme events of the past generally 
will not be representative of those of the future. 
Moreover, climate science is not able precisely 
to forecast the climate, weather and extreme 
events of future decades. This poses a challenge 
to structural engineers whose design standards 
are based on the assumptions of stationary cli-
mate, weather and extreme events as observed 
in the past. The Committee on Adaptation to 
a Changing Climate (CACC) of the American 
Society of Civil Engineers (ASCE) is addressing 
this in its white paper, Bridging the Gap between 
Climate Change Science and Civil Engineering 
Practice (ASCE 2013). The purpose of this article 
is to alert structural engineers to this challenge, 

inform them of the 
guidance available 
from the white paper, 
and invite their par-
ticipation in the 
profession’s response 
to the challenge.

Current Climate Science
The Intergovernmental Panel on Climate Change 
(IPCC) is the leading international body for the 
assessment of climate change. It was established 
by the United Nations Environment Programme 
(UNEP) and the World Meteorological Organization 
(WMO) in 1988 to provide the world with a clear 
scientific view on the current state of knowledge in 
climate change and its potential environmental and 
socio-economic impacts. The Table (page 30) shows 
the recent, qualitative IPCC assessment, based on 
observations and global climate models, of future 
weather and extreme events relevant to structural 
engineering design (IPCC 2012).
The U.S. Global Change Research Program 

(USGCRP) involves thirteen federal agencies 
and is led in the White House Office of Science 
and Technology Policy. USGCRP is preparing a 
National Climate Assessment (NCA), which will 
be issued in 2014; a draft has been available since 
January 2013 (NCA 2013). The draft NCA was 
prepared by the National Climate Assessment 
and Development Advisory Committee involving 
over 240 authors, including climate and social 
scientists and engineers. It has chapters on urban 
systems, infrastructure and vulnerability, U.S. 
regions, mitigation and adaptation.
Figure 1, U.S. Average Temperature Projections, 

taken from the draft NCA, illustrates both the 

Figure 1: U.S. Average Temperature Projections (draft NCA 2013).
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Physical Impact Observed Changes Projected Changes

Temperature

Very likely decrease in number of unusually cold days and nights 
at the global scale. Very likely increase in number of unusually 
warm days and nights at the global scale. Medium confidence in 
increase in length or number of warm spells or heat waves in 
many (but not all) regions. Low or medium confidence in trends 
in temperature extremes in some subregions due either to lack of 
observations or varying signal within subregions.

Virtually certain decrease in frequency and magnitude of 
unusually cold days and nights at the global scale. Virtually 
certain increase in frequency and magnitude of unusually 
warm days and nights at the global scale. Very likely increase 
in length, frequency, and/or intensity of warm spells or heat 
waves over most land areas.

Precipitation

Likely statistically significant increases in the number of heavy 
precipitation events (e.g., 95th percentile) in more regions than 
those with statistically significant decreases, but strong regional 
and subregional variations in the trends.

Likely increase in frequency of heavy precipitation events 
or increase in proportion of total rainfall from heavy falls 
over many areas of the globe, in particular in the high 
latitudes and tropical regions, and in winter in the northern 
mid-latitudes. 

Winds Low confidence in trends due to insufficient evidence. Low confidence in projections of extreme winds (with the 
exception of wind extremes associated with tropical cyclones).

Tropical Cyclones
Low confidence that any observed long-term (i.e., 40 years or 
more) increases in tropical cyclone activity are robust, after 
accounting for past changes in observing capabilities.

Likely decrease or no change in frequency of tropical 
cyclones. Likely increase in mean maximum wind speed, but 
possibly not in all basins. Likely increase in heavy rainfall 
associated with tropical cyclones.

Extratropical 
Cyclones

Likely poleward shift in extratropical cyclones. Low confidence in 
regional changes in intensity.

Likely impacts on regional cyclone activity but low 
confidence in detailed regional projections due to only partial 
representation of relevant processes in current models. 
Medium confidence in a reduction in the numbers of mid-
latitude storms.

Droughts
Medium confidence that some regions of the world have 
experienced more intense and longer droughts, in particular in 
southern Europe and West Africa, but opposite trends also exist. 

Medium confidence in projected increase in duration and 
intensity of droughts in some regions of the world, including 
southern Europe and the Mediterranean region, central 
Europe, central North America, Central America and Mexico, 
northeast Brazil, and southern Africa. Overall low confidence 
elsewhere because of insufficient agreement of projections.

Floods

Limited to medium evidence available to assess climate-driven 
observed changes in the magnitude and frequency of floods 
at regional scale. Furthermore, there is low agreement in this 
evidence, and thus overall low confidence at the global scale 
regarding even the sign of these changes. High confidence in 
trend toward earlier occurrence of spring peak river flows in 
snowmelt- and glacier-fed rivers.

Low confidence in global projections of changes in flood 
magnitude and frequency because of insufficient evidence. 
Medium confidence (based on physical reasoning) that 
projected increases in heavy precipitation would contribute 
to rain-generated local flooding in some catchments or 
regions. Very likely earlier spring peak flows in snowmelt- 
and glacier-fed rivers.

Extreme Sea 
Level and Coastal 
Impacts

Likely increase in extreme coastal high water worldwide related to 
increases in mean sea level in the late 20th century.

Very likely that mean sea level rise will contribute to upward 
trends in extreme coastal high water levels. High confidence 
that locations currently experiencing coastal erosion and 
inundation will continue to do so due to increasing sea level, 
in the absence of changes in other contributing factors.

Other Impacts 
(Landslides and 
Cold Regions)

Low confidence in global trends in large landslides in some 
regions. Likely increased thawing of permafrost with likely 
resultant physical impacts.

High confidence that changes in heavy precipitation will affect 
landslides in some regions. High confidence that changes in 
heat waves, glacial retreat, and/or permafrost degradation will 
affect high mountain phenomena such as slope instabilities, 
mass movements, and glacial lake outburst floods.

Extreme Events from IPCC(2012).

potential significance of climate change for 
structural engineering and why climate sci-
ence cannot now quantitatively forecast future 
climate, weather and extreme events.
The solid line for the 20th century shows an 

increasing trend, amounting to about 2°F 
for the century, with the observed variations 
from the trend as large as 2° F. The projec-
tions for the 21st century are derived from 
global climate models that consider a variety 

of scenarios for economic development and 
control of greenhouse gas emissions (Moss 
et al. 2010). The lowest curve is based on 
greenhouse gas concentrations peaking at 
490 ppm carbon dioxide (CO2) equivalent 
and then declining; it leads to an additional 
2°F increase in U.S. average temperature in 
the 21st century. The highest curve is based 
on emissions continuing to produce green-
house gas concentration of 1,370 ppm CO2 

equivalent in 2100; it leads to an additional 
9°F increase. The historical trend of atmo-
spheric CO2 is shown in Figure 2. The CO2 
data (red curve) for Mauna Loa, measured 
as the mole fraction in dry air, constitute the 
longest record of direct measurements of CO2 
in the atmosphere. The black curve represents 
the seasonally corrected data.
Greenhouse gas emissions in the 21st century 

will depend upon worldwide private and public 
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policy decisions and actions, which are unpre-
dictable, but can be represented by scenarios 
such as those used in preparing Figure 1.

What Can Engineers Do?
The purpose of the ASCE Committee on 
Adaptation to a Changing Climate (CACC) 
is to identify and communicate the technical 
requirements and civil engineering challenges 
for adaptation to climate change. Based on 
the results obtained, response activities may be 
planned in the Technical Activities Divisions, 
Technical Councils, Institutes, and other ele-
ments of ASCE. These activities may include 
recommendations for initiatives related to:

•  climate change and its effect on the 
safety, health and welfare of the public 
as it interfaces with civil engineering 
infrastructure; and

•  appropriate standards, loading 
criteria, and evaluation and design 
procedures for the built and natural 
environment, and related research 
and monitoring needs.

The purposes of the CACC white paper 
Bridging the Gap between Climate Change 
Science and Civil Engineering Practice (ASCE 
2013) include the following:

•  Fostering understanding and 
transparency of analytical methods 
necessary to update and describe 
climate, weather and extreme events for 
planning and engineering design of the 
built and natural environments.

•  Identifying (and evaluating) methods 
to assess impacts and vulnerabilities 
caused by changing climate conditions 
on the built and natural environments.

•  Promoting development and 
communication of best practices 
in civil engineering for addressing 
uncertainties associated with changing 
conditions, including climate, 
weather, extreme events, and the 
nature and extent of the built and 
natural environments.

Engineers can join in research with climate 
and weather scientists to develop integrated 
models for climate, weather and extreme 
events (National Academies 2012), which, 
combined with observations, can give 
probabilistic guidance for the conditions 

for which structures should be 
designed, constructed, operated 
and maintained.
Before such research is conducted 

and its results are incorporated into 
structural standards – a process 
that may take a decade or more 
– the question arises of what struc-
tural engineers can do to comply 
with the most fundamental canon 
in the ASCE Code of Ethics: 
“Engineers shall hold paramount 
the safety, health and welfare of the 
public and shall strive to comply 
with the principles of sustainable 
development in the performance 
of their professional duties.”
There is useful guidance in the 

concept of “long life, loose fit, low energy” 
as expressed by Alex Gordon, president of 
the Royal Institute of British Architects 
(Gordon 1972):

•  Long life contributes to sustainability 
and reduction of greenhouse gas 
emissions through conservation of 
materials and energy required for 
removal and replacement. Long life 
can be promoted by siting to avoid 
susceptibility to flooding and wildfires, 
and using structural systems and details 
that are inherently resistant to extremes 
of temperature, wind and precipitation. 
However, shorter service lives, where 
economical, will provide opportunities 
to account for better knowledge of 
climate/weather/extremes in design of 
future replacements.

•  Loose fit means making structures 
adaptable to conditions that could 
not be foreseen during the original 
design – a quality already widely 
exemplified by older structures in 
useful service today.

•  Low energy, including the embodied 
energy in original construction 
and the operating energy over the 
structure’s service life, provides both 
economic benefits and reductions in 
the greenhouse gas emissions driving 
climate change.

Engineers can and should share their 
insights in adapting to climate change with 
case studies published in STRUCTURE® 

magazine and other media. They will 
ultimately guide the evolution of struc-
tural standards and practices. Engineering 
research, in collaboration with climate and 
social scientists, can improve both obser-
vations of climate/weather/extremes and 
modeling to provide a probabilistic under-
standing of the changing nature of hazards, 
risks and benefits as bases for appropriately 
evolving engineering standards.▪

Figure 2: Atmospheric CO2 at Mauna Loa Observatory 
(www.esrl.noaa.gov/gmd/ccgg/trends/).
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