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Process for Including Guidance from the OPC-Science Advisory Team

This Interim Guidance Document was informed by a sub-committee of select experts
from the OPC Science Advisory Team (OPC-SAT):

1. Dr. Dan Cayan, Research Meteorologist, UC San Diego Scripps Institution of
Oceanography & U.S. Geological Survey

2. Dr. Gary Griggs, Director of the UC Santa Cruz Institute of Marine Sciences

Dr. Sam Johnson, Research Geologist, USGS Pacific Science Center

4. Dr. Tony Haymet, Director of the UC San Diego Scripps Institution of
Oceanography

w

Dr. Gary Griggs served as chair of the SLR Interim Guidance subcommittee. In this role,
he received a list of questions compiled by OPC staff and the OPC science advisor. Dr.
Griggs forwarded the questions to identified experts within the OPC-SAT, and
subcommittee members were asked to identify any potential conflicts of interest or
limits to their expertise when answering questions. Members of the subcommittee
communicated with Dr. Griggs as they developed responses to questions, and Dr. Griggs
himself responded to questions. Dr. Griggs received responses from subcommittee
members and compiled and synthesized all responses into a single document that was
disseminated to subcommittee members for comment and consensus. The document
was provided to the OPC staff and science advisor, then disseminated among the CO-
CAT SLR Task Force members.

Introduction to OPC-SAT Responses to SLR Task Force Questions

The CO-CAT has raised a number of specific questions about future sea level rise,
including the different models or projections that have been put forward in recent
years, what assumptions are involved in those models, and their particular strengths
and weaknesses. A group from the OPC’s Science Advisory Team who work in this area
or in related disciplines have reviewed and responded to these questions.

Most of the questions posed focus on global sea level rise rates, which is certainly one
important consideration. Along the California coastline, however, which is tectonically
active, an equally important question is the local sea level rise rates. Global and local sea
level trends differ because the former are directly related to the volume of the world’s
ocean, while the latter are based on long-term water-level measurements relative to the
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land at fixed locations. Just as water levels rise and fall as the ocean volume decreases
and increases with climate change, the Earth’s surface in many areas also moves up and
down adding or subtracting from the global sea level trend. Measured local or regional
sea level trends provide an important parameter to government agencies concerned
with coastal erosion and inundation or flooding in the next several decades.

There are presently 12 coastal tide gages or water level recorders maintained by NOAA,
which extend from Crescent City to San Diego, or one about every 85 miles. These
stations range in the length of their historical record from 33 to 113 years; eight stations
have at least 50 years of record and six have over 75 years of data. With two exceptions
(along the north coast), each of these tide gauges has recorded average sea level rise
rates that fall in the range of 0.83 to 2.22 mm/yr, a surprising narrow range considering
these gauges span 725 miles of tectonically active coastline. The two exceptions are
Humboldt Bay’s North Spit where an average rate of 4.72 mm/yr has been recorded
over the past 33 years, and Crescent City, where the rate is a negative 0.65 mm/yr over
the last 77 years. The record at Humboldt Bay shows sea level is rising at a rate higher
than the global value indicating land subsidence. The record at Crescent City, 100 miles
north, reveals a slight drop in sea level indicating uplift of the land surface in this area is
occurring at a rate greater than global sea level rise.

Short-term local increases in sea level will no doubt be of greater concern to coastal
infrastructure and development in coastal areas over the next several decades than sea
level rise rates. The coast of California has experienced two very large El Nifio events
over the past 20 years, in 1983 and 1997-98, with hundreds of millions of dollars in
storm damage to private property and public infrastructure. The damages occurred
from a combination of elevated sea levels and large storm waves, which often coincided
with high tides. During the 1983 ENSO event, sea levels were the highest ever recorded
in San Diego, Los Angeles and San Francisco, 11.4in., 12.7 in., and 21.2 in., respectively,
above predicted high tides. Over the short-term, these events will be more damaging to
the coastline than the gradual sea level rise we are experiencing.

We are also on a sea level rise curve with an upward slope that will continue far into the
future, most likely at an increasing rate. We cannot predict precisely what the slope of
the curve will be 50 or 100 years into the future, because the curve will depend to a
large degree upon future global greenhouse gas emissions. In the short term however,
say between now and 2050, there are not major differences in the projections of the
most commonly referenced or cited studies.

Responses to Questions posed to the OPC Science Advisory Team

1. What are the strengths and weaknesses of the following approaches for
identifying ranges of future mean global SLR?
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a. Methods that correlate air temperature and global mean sea levels
i. California Energy Commission’s Public Interest Energy Research

(PIER) 2009 Scenarios Project - Dan Cayan et.al
http://www.energy.ca.gov/2009publications/CEC-500-2009-
014/CEC-500-2009-014-F.PDF

ii. Using the full range of IPCC scenarios and the SLR modeling
described in the Proceedings of the National Academies of
Science December 2009 Vermeer and Rahmstorf http://www.pik-
potsdam.de/~stefan/Publications/Journals/vermeer rahmstorf 2
009.pdf

iii. Choosing specific IPCC emission scenarios (e.g. A2, A1F1) and
using the SLR ranges associated with those emission scenarios
based on the Vermeer and Rahmstorf 2009 report

All of these methods are empirical, being run offline using output derived from global
climate models (GCMs). A strength is that they are tied to observed sea level and global
climate. A weakness is that they are very coarse approximations, and are based upon
the previous decades where some processes that may become much more important
such as ice melt from Greenland and Antarctica have been relatively inactive. The
premise that the historically observed relationship between global temperature and sea
level rise will be maintained through the next Century is somewhat shaky, and probably
becomes less valid as global warming advances and climate begins to depart farther
from its 20" Century state. Details of ice melt—where the largest sources are/will be,
what thresholds exist, catastrophic changes due to wholesale slumps and fractures are
all factors that will require the development of highly resolved, physically based models
that are coupled to the climate models.

Cayan et al. 2009 employed the semi-empirical method of Rahmstorf 2007 to estimate
global sea level rise, and also considered the possible effects of dam-filling as described
by Chao et al. 2008. Cayan et al 2009 employed a set of 12 global climate simulations
from 6 GCMs, each having two emissions scenarios (SRES A2 and SRES B1), which is a
subset of the available IPCC GCM runs. The Rahmstorf 2007 scheme has since been
revised by Vermeer and Rahmstorf (2009) using a similar method, but accounting for 2"
order warming effects. The Vermeer and Rahmstorf (2009) scheme, when applied to
the same climate simulations as Rahmstorf (2007) result in higher amounts of sea level
rise by 2100, with the upper portion of the range of estimates exceeding 1.5m sea level
rise by 2100.

b. Methods adopted by U.S. Army Corps of Engineers, which estimate the
“intermediate” and “high” rates of local mean sea-level change using the
modified National Research Council method and the most recent IPCC
projections and adds those to the local rate of vertical land movement.
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http://140.194.76.129/publications/eng-circulars/ec1165-2-
211/entire.pdf

This is a quantification that was derived from information that was available at the time
USACE prescribed the “intermediate” and “high” rates. The USACE intermediate and
high rates exceed those put forward by the IPCC, acknowledging the possibility of
substantial contributions from the melting of land ice. Newer estimates (than employed
by USACE) from empirical estimates that Rahmstorf describes in his summary paper,
would perhaps lead to a higher “high” sea level rise rate. Also, this is a categorization.
For some applications, it may be useful to consider an estimate of sea level rise that is
identically tied to a given climate simulation—this is possible using empirical schemes
such as Vermeer and Rahmstorf 2009, but that is not the case for the USACE categorical
guideline rates.

The weakness of the USACE report is that it relies on an approach and models
developed for a 1987 NRC report. Without reading that report, we assume some of the
basic data and models it relied on have been significantly updated. On the other hand,
the USACE adapts the NRC data to develop a range of 50 to 150 cm for RSL by 2100, not
significantly different from the recent reports cited in Rahmstorf (2010). A strength of
the USACE approach is that it incorporates recent SLR trends and vertical land-level
changes in SLR assessments, and provides a step-by-step schematic for downscaling to
local site-specific projects. It also acknowledges that regular updates will be needed as
new information and models are developed.

c. Projections of historical rates of SLR
i. Linear projections
ii. Non-linear projections

Given non-linear increases in global temperature and the unpredictability of complex
natural systems, linear projection of historical SLR is not valid. Non-linear projections
are based on models - their output will be as good as the model input and algorithms
(i.e., some better than others).

It should be noted that estimates from observed in situ and remotely sensed sea level
indicate that the rate of sea level rise has increased over the last several decades—
remotely sensed estimates during the last 15 years or so suggest that global sea level is
rising at a rate that exceeds 3mm/year. This increase in the rate of sea level rise, along
with the physical consideration that the ice melt contribution to sea level rise will
increase as warming advances, is a strong argument that linear extrapolations of the sea
level record itself is inadequate for time scales beyond a decade or so. Very likely, the
change in sea level rise will be non-linear, but it will be difficult to achieve a fit to this
rate that maintains its accuracy into the future. To base a projection on sea level alone,
ignoring external variables such as global temperature, seems inferior to methods that


http://140.194.76.129/publications/eng-circulars/ec1165-2-211/entire.pdf�
http://140.194.76.129/publications/eng-circulars/ec1165-2-211/entire.pdf�

State of California Sea-Level Rise Interim Guidance Document
Appendix A

include these driving variables, in that the latter offer at least a coarse mechanistic
perspective and they allow for scenarios that are tied directly to global climate
simulations.

d. Other Methods such as those referenced in “A New View on Sea Level
Rise” article by Stephen Rahmstorf (Nature Reports Climate Change Vol.
4, April 2010.)

Other empirical techniques exist, as illustrated in Rahmstorf’s Review in April 2010
Science. For example, Grinsted et al 2009 use paleoclimate observations/estimates in
addition to observations from the historical instrumental record in their empirical
technique. Interestingly, the range of sea level rise that results from their scheme is
quantitatively similar (though a bit wider) to that obtained using the Vermeer and
Rahmstorf (2009) technique.

2. Which approach or combination of approaches would you recommend for
estimating ranges or mean global sea levels?

It is important to acknowledge that many (if not most) of the current approaches
(except the one used by IPCC which ignores any contribution from ice melt) are giving
similar results (~75 to 150+ cm of SLR by 2100), with the large range reflecting
uncertainties in both emissions scenarios and the evolving science of short-term climate
change modeling. Beyond two decades or so, the present state of the art from empirical
techniques such as Vermeer and Rahmstorf provide useful guidance, presumably
accounting for the contribution from ground-based ice melt from Greenland and
Antarctica.

Both global warming and SLR will continue to be investigated intensively in the next
decade and beyond, and SLR estimates will fluctuate and change as models improve and
new data are generated. Semi-empirical approaches described in Rahmstorf (2010) that
build models based on historical data seem valid but are limited in their ability to
incorporate nonlinear phenomena such as large, rapid ice melts and surges.

3. What is the SAT’s recommendation regarding the use of linear projections of SLR
based on historic observations (method “c(i)” listed above)?

For estimates beyond one or two decades, linear extrapolation is inadequate and would
likely underestimate the actual sea level rise. The SAT does not recommend this
approach.

4. If a SLR projection method is chosen that uses IPCC emissions scenario
information, would it be appropriate to eliminate the B1 scenario (lowest IPCC
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emission scenario) from consideration given current greenhouse gas emissions
and apparent lack of political resolve to reduce them in the near future?

The reason there are different scenarios for emissions and other climate and societal
factors is that we cannot be certain what pathway the future will take. Thus, it seems
advisable to consider a broad range of scenarios. Low SLR projections (all approaches)
should be continuously adjusted upward based on upward-revised, low-end emissions
scenarios and changes in global temperature. Also, IPCC SLR scenarios should not be
considered realistic because of their failure to incorporate contributions from ice melt.

It should be pointed out that, for a given global climate model, the difference between
global and regional temperature produced by different emissions scenarios remains
relatively small until about 2050. It takes decades for the cumulative effect of different
emissions pathways to become distinct, vis-a-vis the atmospheric greenhouse gas
concentration, its effect upon radiative forcing and resultant global warming.

5. What are pros and cons of using the following options for the outputs from the
suite of models used in assessments such as Dan Cayan et al. 2009 and Vermeer
and Rahmstorf 2009:

a. Average the outputs for all scenarios

Perhaps ok for certain applications, but this of course obscures the underlying emission
scenarios and GCMs and possibly the sea level schemes that are averaged if multiple sea
level models are employed. It also erases the distribution of outcomes.

This is fluid and fertile science and the shelflife of models is relatively short- for
example, compare Rahmstorf (2007) with Vermeer and Rahmstorf (2009) (Figure 1 in
Rahmstorf, 2010). Further changes are highly likely, especially as better understanding
develops of the land-ice response to global warming. Averaging the most recent peer-
reviewed, published model outputs could provide an important "snapshot" of current
thinking, but will almost certainly change in the next several years. (b) and (c) have the
same issues as (a).

This raises two important issues: (1) selecting which SLR models to incorporate in an
assessment of SLR ranges or extremes; (2) any such assessment will likely change in the
next few years.

b. Full range of outputs for all scenarios,
This provides more information to the decision maker so they are aware of the

distribution and, for what its worth, to the underlying climate models and emission
scenarios that are considered.
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It is important to note, though that this distribution, even though populated according
to several simulations/scenarios, is very likely not the true distribution.

c. Use the extremes (highest and/or lowest values) from the full range of
outputs?

This brackets the set of model solutions, but the extremes are continually changing as
new sea level models or schemes come available. Also, it is not clear, if the entire
distribution is not presented, how “rare” the low or high extreme that is selected may
be. Again, the choice of which solutions to use in guiding decision-making depends on
application—how much risk is the decision maker or agency willing to take?

6. What is the SAT’s recommendation regarding how to incorporate likelihood of
certain amounts of SLR occurring at certain dates and how to incorporate
consideration of risk as part of the assessment of the amount of SLR to consider
for different state agency decisions?

This is a moving target, because the science of sea level modeling is rapidly developing
but present estimates applying V/R or another recent empirical technique to a ensemble
of climate simulations are probably a good place to start. Where possible, the
recommendation is to adopt an adaptive strategy, which leaves room for course
corrections as new information emerges (it will surely do so).

The second part of the question, concerning SLR and risk, is a different topic than the
first part and raises several important questions. "How will the CA coast respond to SLR?
What will be the physical, ecosystem, and economic impacts of such responses? What
can we model/predict? What new science or experiments are needed to guide
predictions and models? What are appropriate human responses and their feedbacks,
and how will they affect coastal evolution as well as hazard and risk assessments, etc."
As with other natural hazards (e.g., earthquakes), risk assessment requires a solid
scientific foundation. A whole new era of coastal science and engineering will be
needed to inform SLR risk assessment and confront the SLR challenge.

7. In addition to predicting future sea levels, other factors may also be important.
What research or methods could help identify possible future changes in
a. Tidal amplitude and/or phase, and
b. Extreme events (e.g. high water due to storm surges, ENSO events)?
- What is the SAT’s assessment of superimposing historical
extreme event departures from mean on projected mean
sea levels to estimate future values?

The full set of sea level dynamics is crucial to consider—tides, weather, ENSO and other
shorter range factors must be considered in evaluating extremes, return periods, and
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related issues. As mentioned in the introductory statement, elevated sea levels during
the last two major El Nifio events (1983 and 1997-98) were important factors in the
storm damage that California experienced and, in the short term, will be significantly
larger than sea level rise values.

Superimposing historical extreme event departures on projected higher sea levels
seems like a reasonable starting point, however this approach misses an important
intermediate step. There must also be an understanding/prediction of how the coast,
which is very dynamic, will evolve under rising sea level. For example, there could be
less significant coastal change due to SLR in areas of high sediment supply (e.g., offshore
large northern CA rivers), whereas the coast may recede or change very dramatically in
other areas (low sediment supply, presence of erodible bluffs or dunes, etc.). The
impact of extreme events under SLR may be much less in the first case than in the
second. Once coastal evolution is considered/predicted/understood (which is not easy),
then an informed assessment of the run-up and impact/risk of extreme events under
SLR can proceed.

8. Are there additional investigations/modeling efforts, research, etc., presently
underway that would inform this discussion?

Basin scale sea level variability must be better understood. Observational and modeling
studies are needed to understand large scale decadal structure such as the recent
pattern we have been observing, wherein the eastern North Pacific has experienced
little or no sea level rise during the last decade while the far western Pacific has
exhibited rates of sea level rise that more than double the global rate.

Dynamics and structure of how sea level changes are manifested in the San Francisco
Bay/Sacramento-San Joaquin Delta, which contains crucial infrastructure and is the
critically important hub for California’s water supply conveyance.

There is obviously and appropriately a lot of emphasis on how much SLR to expect and
plan for. However, there needs to be equal emphasis placed on how the coast will
evolve under SLR, including feedbacks and impacts of different human responses. As
stated above, a whole new era of coastal science and engineering will be needed to
confront the SLR challenge and CA coastal zone managers need to acknowledge and
prepare for that.

9. What other questions should we be asking that we haven’t asked? What other
considerations should be brought to bear on this topic?

More modeling and analysis is need to evaluate the contributions of fresh water floods,
along with high oceanic sea levels, to water levels along certain coastal segments and
especially in the San Francisco Bay/Delta.
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Continued observations and modeling of wind waves are needed to better understand
variability and changes in wave climate and significant wave events. Further work is
needed to couple the waves with tides and sea level, shallow water bathymetry and
coastal topography, leading to understanding beach run-up. The critical period for
California is nearly always associated with winter storm phenomenon, particularly
during ENSO events, but warm season conditions should also be assessed.

The continuing retreat and evolution of the coastline, as well as the hazards that
individual areas are exposed to, varies along the length of California’s coast depending
upon factors such as :

1) Geomorphology (steep rugged terrain such as Big Sur or Humboldt and
Mendocino counties, which is generally undeveloped); low bluffs and raised
terraces that are typically intensively developed (much of northern San
Diego, Orange, Santa Barbara, Santa Cruz and San Mateo counties); coastal
lowlands (much of the Santa Monica Bay to Newport Beach area, and the San
Diego area, for example).

2) Coastal uplift or subsidence. Although much of the California coast south of
Cape Mendocino is slowly being uplifted, the rates are too low to
significantly mitigate for SLR. The situation is different north of Cape
Mendocino, where an expected plate boundary earthquake is likely to
produce coseismic uplift near Cape Mendocino (because of proximity to the
deformation front) and coseismic subsidence farther north. These regional
tectonic differences are evident in the tide gauge records from Crescent City
and Humboldt Bay discussed earlier.

Thus, the combined affects of global warming and tectonics on SLR may be
greatest (by a large amount) in northernmost California - this needs further
consideration and study.

Coastal hazards will therefore vary geographically and will result from a combination of
sea level rise and tectonic uplift or subsidence, as well a changing storm wave climate.
California has several different coastal environments, which are exposed to different
risks, risks that will in all likelihood increase in the future. Each of these needs to be
understood, their risks assessed and adaptation measures developed.

a. Inundation or coastal flooding along the low lying portions of the open
coast- About 300 miles of California’s coast consists of low relief coastal
plains fronted with beaches. Much of the beach development of these low
lying areas is concentrated in Southern California, but also in Monterey Bay,
where homes, hotels, infrastructure as well as state parks have been built at
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beach level. These have all been damaged in recent years by storm waves
during ENSO events with elevated sea levels and it is realistic to expect that
the frequency of these incidents will almost certainly increase in the future
as sea level continues to slowly rise.

b. Inundation of low-lying areas around San Francisco Bay- San Francisco and
Oakland airports and portions of the South Bay will suffer major inundation
with 3 feet of sea level rise. This is a major issue but clearly a different
problem than the open coast faces.

c. Coastal erosion of cliffs, bluffs and dunes: this process has been going on for
the past 18,000 years since the last Ice Age ended. Sea level has risen about
350-400 feet during this period as the ice sheets melted and glaciers
retreated. This process and the landward migration of the coastline is
continuing today at average rates of a few inches to as much as 10 feet per
year, depending primarily on local geologic conditions, wave energy and sea
level rise. All evidence indicates that these rates will rise in the future.
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