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NCA4 Vol. I: Climate Science Special Report
• NCA4 was developed in two volumes

• NCA4 Vol. I was released Nov 3, 2017
• Key advances:

• Detection and attribution
• Extreme events (tropical cyclones,
tornadoes, atmospheric rivers)
• Downscaled information

• Sea-level rise
• Potential surprises

• Summarized in Our Changing Climate
chapter of NCA4 Vol. II
science2017.globalchange.gov

Focused on Continental US
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NCA4 Vol. II: Chapters
I. Overview
II. Our Changing Climate
III. National Topics
• Water
• Energy Supply, Delivery,
and Demand
• Land Cover and Land Use
Change
• Forests
• Ecosystems, Ecosystem
Services, and Biodiversity
• Coastal Effects
• Oceans and Marine
Resources
• Agriculture and Rural
Communities
• Built Environment, Urban
Systems, and Cities

•
•
•
•

Transportation
Air Quality
Human Health
Tribes and Indigenous
Peoples
• Climate Effects on U.S.
International Interests
• Sector Interactions,
Multiple Stressors, and
Complex Systems

IV. Regional Chapters
•
•
•
•
•
•
•

Northeast
Southeast
U.S. Caribbean
Midwest
Northern Great Plains
Southern Great Plains
Northwest

• Southwest
• Alaska
• Hawai`i and U.S. Affiliated
Pacific Islands
V. Response
• Near-term Adaptation
Needs and Increased
Resiliency
• Reducing Risks through
Emissions Mitigation

VI. Appendices
•
•
•
•
•

Process
Information Quality Act
Data Tools and Scenarios
International
Frequently Asked
Questions

15 Sectors, 10 Regions
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Team effort

USDA Forest Service - 7
NOAA - 5
USGS – 2
Local government - 2
Universities (5) – 7
Private - 4

27 co authors, 1 review editor, 6 technical contributors, 3 USGCRP contributors
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Observed and Projected Climate Change
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Key messages
• Links between observed climate change
and regional risks
• Future climate change projections
• Challenges, opportunities, and success
stories for reducing risk
• Emerging issues

Traceable accounts
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Key message 1: Freshwater availability
Critical to life.
Projected reduction in average rainfall by
the end of the century.

Extreme rainfall events expected to
increase in intensity.
Saltwater intrusion associated with sea
level rise will reduce the quantity and
quality of freshwater in coastal aquifers.
Increasing variability in rainfall events
and increasing temperatures will likely
alter the distribution of ecological life
zones and exacerbate existing problems in
water management, planning, and
infrastructure capacity.
6
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KeyFreshwater
message 1: Freshwater
availability
availability
Statistically downscaled projections
Regional climate
models project
between 18 to > 50%
decline in mean
annual precipitation
through the end of
the century, with
increasing variability
being marked by a
general drying trend
and more frequent
and profound
drought events
(Hayhoe, 2013;
Karmalkar et al.
2013; Khalyani et al.,
2016).

Upper. All model
Ensemble:
A2: 29.80
A1B: 20.69
B1: 18.24

Lower. Bimodal
Ensemble:
A2: 53.81
A1B: 49.49
B1: 36.39

7
2

Key message 1: Freshwater availability
Dynamic downscaling: Projected percent change in annual precipitation
over the U.S. Caribbean for the period 2040–2060 compared to 1985–2005
Based on the results of two
regional climate model
simulations (Wootten et al
2016; Bowden et al. 2019
forthcoming).
Simulations downscale two
global models for the
higher scenario, RCP8.5
(USGCRP 2017)
Within-island changes are
projected to exceed a 10%
reduction in annual rainfall.
Uncertainty remains as to
the location of the largest
reductions within the
islands.

Bowden et al. 2019 forthcoming
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Key message 1: Freshwater availability
Projected changes in annual streamflow

Ten year moving averages of annual streamflow leaving Lago La Plata and Lago Loiza.
Projections were developed using an estimation of water supply entering the reservoir and an
estimation of withdrawals (Van Beusekom et al. 2016).
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Key message 1: Freshwater availability
At Risk - Tropical montane cloud forests in the Luquillo
Mountains of Puerto Rico
Characterized by frequent clouds,
reduced tree height, a high number of
endemic and endangered species, and
high water content of the soil due
reduced solar radiation.

Cloud forests around the world are
vulnerable to warming and drying
conditions expected with climate
change.
Cloud forests on low mountains are
especially vulnerable.
Drying and warming conditions can
increase the elevation at which
clouds form, thereby reducing or
possibly eliminating the cloud cover
shrouding the mountain peaks.
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Key message 2: Marine resources
Marine ecological systems provide
services such as commercial and
recreational fisheries and coastal
protection.

Systems are threatened by changes
in ocean surface temperature, ocean
acidification, sea level rise, and
changes in the frequency and
intensity of storm events.

CO2, SST, and pH
Annual time series from
1993 to 2016 of atmospheric
carbon dioxide (CO2 ;
black line), sea surface
temperature (red line), and
seawater pH (blue line) for
the Caribbean region

Degradation of coral and other
marine habitats can result in
changes in the distribution of species
and the loss of live coral cover,
sponges, and other key species.
Changes will likely disrupt
ecosystem services, producing
subsequent effects on Caribbean
island economies.
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Key message 3: Coastal systems
Coasts are a central feature of Caribbean
island communities.
Coastal zones dominate island
economies and are home to critical
infrastructure, public and private
property, cultural heritage, and natural
ecological systems.

Sea level rise, combined with stronger
wave action and higher storm surges,
will worsen coastal flooding and
increase coastal erosion, likely leading
to diminished beach area, loss of storm
surge barriers, decreased tourism, and
negative effects on livelihoods and wellbeing.
Adaptive planning and nature-based
strategies, combined with active
community participation and traditional
knowledge, are beginning to be
deployed to reduce the risks of a
changing climate.

Observed sea level rise
trends in Puerto Rico
(black) and the U.S. Virgin
Islands (gray) reflect an
increase in sea level of
about 2.0 mm per year
between 1962 (for PR)/ 1975
(USVI) and 2017. The insets
show a closer look at more
recent trends from 2000–
2017 that measure a rise in
sea level of about 6.0 mm
per year. Future projections
of sea level are shown
under three different
scenarios.
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Key message 4: Rising temperatures

1
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Key message 4: Rising temperatures
Changes to average and
extreme temperatures have
direct and indirect effects on
organisms and strong
interactions with
hydrological cycles, resulting
in a variety of impacts.

Increases in average
temperatures will likely lead
to decreases in agricultural
productivity, changes in
habitats and wildlife
distributions, and risks to
human health, especially in
vulnerable populations.
As maximum and minimum
temperatures increase, there
are likely to be fewer cool
nights and more frequent
hot days, which will affect
the quality of life in the U.S.
Caribbean.

Deviation from 45-year average annual number of days greater
than 90°F, from data from 10 climate stations in Puerto Rico.
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Key message 4: Rising temperatures

Minimum of 1 day a week with record breaking heat compared to historical
climate. Some years could experience high frequency (~4 days per week).
Source: Bowden et al. 2019 forthcoming
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Key message 5: Disaster risk response to extreme events
Increasing frequency or intensity
of extreme events threatens life,
property, and economy in the
Caribbean.

Irma and Maria combined
Calculated Wind and Rain

Extreme events such as flooding
and droughts are projected to
increase in frequency and intensity.
Increasing hurricane intensity and
rainfall rates will affect human
health and well-being, economic
development, conservation, and
agricultural productivity.
Increased resilience will depend on
collaboration and integrated
planning, preparation, and
responses across the region.
Van Beusekom et al. 2018
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Key message 5: Disaster risk response to extreme events

Alvarez et al. in preparation
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Key message 5: Disaster risk response to extreme events
Changing the scenario

Maria

Bigger
hurricane
- Irma
winds

• More EVI loss

Slower
hurricane
– Mitch
speed

• More EVI loss
• More loss of
vegetation area

More rain
– Harvey
rains

• 9% more probability
of landslides

Maria

Increase
forest
fragment
ation

• More EVI loss
• More loss of
vegetation area
• 3% more probability
of landslides

Harvey

Irma

•

•

•

•

•

Hurricane Maria (and
Irma) caused 31% of the
vegetation to be lost and
Maria caused 34% of the
area to have a landslide
density of at least one in
1 km2.
A storm with slower that
average forward speed
or more precipitation
would have caused
significantly more
damage.
The largest factor in the
amount of damage was
the the initial EVI for
vegetation damage and
slope for landslide
damage.
The second largest factor
was the amount of
energy doing the
damage.
This study does find
evidence that increased
fragmentation will
increase damage.

Van Beusekom et al. 2018

Key message 6: Regional collaboration increases adaptive capacity
Shared knowledge,
collaborative research and
monitoring, and sustainable
institutional adaptive capacity:
Can support and speed up
disaster recovery, reduce loss
of life, enhance food security,
and improve economic
opportunity in the U.S.
Caribbean.

Increased regional cooperation and stronger partnerships in the Caribbean can expand
the region’s collective ability to achieve effective actions that build climate change
resilience, reduce vulnerability to extreme events, and assist in recovery efforts.
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Communicating best adaptive practices
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