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More than 100 scientists from 25 coun-

tries came together to address global, 

regional, local, and human pressures inter-

actively affecting continental margin bio-

geochemical cycles, marine food webs, 

and society. Continental margins cover only 

12% of the global ocean area yet account 

for more than 30% of global oceanic pri-

mary production. In addition, continental 

margins are the most intensely used regions 

of the world’s ocean for natural commodi-

ties, including productive fi sheries and min-

eral and petroleum resources. The land 

adjacent to continental margins hosts about 

50% of the world’s population, which will 

bear many direct impacts of global change 

on coastal margins. Understanding both 

naturally and  human- infl uenced alterations 

of biogeochemical cycles and ecosystems 

on continental margins and the processes 

(including feedbacks) that threaten sus-

tainability of these systems is therefore of 

global interest.

The purposes of the meeting were to 

(1) improve understanding of the linked 

biogeochemical, physical, and human 

dimensions of continental margin systems; 

(2) develop accurate predictive capacity 

for continental margin responses to envi-

ronmental and anthropogenic drivers; and 

(3) outline mechanisms for improved under-

standing of accelerating global change on 

continental margins and human society.

The approach—to integrate research and 

resource management strategies of the Inte-

grated Marine Biogeochemistry and Eco-

system Research (IMBER) and Land-Ocean 

Interaction in the Coastal Zone (LOICZ) pro-

grams—addressed the continuum across near-

shore coastal waters (integrated with water-

sheds), the continental shelf, the shelf break, 

and the upper slope of the open ocean.

Over the next 3 months, Jack Middelburg 

and Nancy Rabalais, coconveners of the 

conference and cochairs of the Continental 

Margins Task Team, will coordinate a work-

ing group to synthesize the fi ndings and rec-

ommendations of the meeting. The result 

will be a research plan that combines the 

strengths of the IMBER and LOICZ projects 

and brings the resources of many nations to 

this area of research.

Important features of the draft plan involve 

studying:

• carbon and nitrogen transformations 

and transfers along and across continental 

margins and at  benthic- pelagic and air-sea 

interfaces,

• present conditions and fi t-for- purpose pre-

dictive capability for climate change scenarios,

• processes linking biogeochemical pro-

cesses, primary and secondary production, 

and living resources,

• continental margins as sources or sinks 

of CO
2
 and potential shifts with increasing 

atmospheric CO
2
 and changing biogeochem-

ical cycles,

• comparative continental ecosystem 

analyses, and

• potential regime shifts.

The draft research strategy will be avail-

able on the IMBER (http://www.imber.info) 

and LOICZ (http://www.loicz.org) Web sites 

for community comments early in 2008, prior 

to fi nalization and endorsement at the Inter-

national  Geosphere- Biosphere Programme 

Congress in May 2008. The conference book 

of abstracts (and soon the conference presen-

tations) are available from https://www

.confmanager.com/main.cfm?cid=792.

Much of the success of the conference 

relied on great organization from the local 

organizing committee, the IMBER International 

Project Offi ce staff, and the fi nancial support 

from IMBER, LOICZ, East China Normal Uni-

versity, the Chinese Ministry of Education, the 

National Science Foundation of China, the 

Shanghai Municipality, the Scientifi c Commit-

tee on Oceanic Research (SCOR), and the U.S. 

National Science Foundation.

For further information, contact cochairs 

Jack Middelburg (j.middelburg@nioo.knaw.nl) 

and Nancy Rabalais (nrabalais@lumcon.edu).

—BORIS KELLY-GERREYN, National Oceanogra-
phy Centre, Southampton, U.K.; NANCY RABALAIS, 
Louisiana Universities Marine Consortium, Chauvin; 
JACK MIDDELBURG, Centre for Estuarine and Marine 
Ecology, Netherlands Institute of Ecology, Yerseke; 
SYLVIE ROY, Institut Universitaire Européen de la 
Mer, Plouzané, France; E-mail: Sylvie.Roy@univ-brest
.fr; KON-KEE LIU, Institute of Hydrological and Oce-
anic Sciences, National Central University, Jhongli, 
Taiwan; HELMUTH THOMAS, Department of Ocean-
ography, Dalhousie University, Halifax, Nova Scotia, 
Canada; and JING ZHANG, State Key Laboratory of 
Estuarine and Coastal Research, East China Normal 
University, Shanghai.

Understanding passive margins—thick 

accumulations of sediments built above the 

juncture between continental and oceanic 

crusts—has far-reaching economic and soci-

etal implications. Passive margins underlie 

the coastal regions of most of the conter-

minous United States, extending continu-

ously from Texas eastward to Florida and 

northward to Maine. They hide most of the 

undiscovered hydrocarbon reserves of the 

United States, and they are excellent sites for 

sequestering carbon dioxide. Natural haz-

ards of hurricanes, tsunamis, sea level rise, 

and rapid subsidence, and concerns related 

to the United Nations Law of the Sea, also 

make it imperative to better understand pas-

sive margins, and how they form and evolve. 

Economic and societal concerns provide 

natural avenues for explaining the impor-

tance of this and other hypothesis-driven 

geoscientifi c research efforts to U.S. taxpay-

ers and political leaders, especially because 

much of the U.S. population lives on or near 

our passive margins. Linkages between fun-

damental geoscientifi c research and soci-

etal issues are relatively visible and easy to 

explain to residents of the tectonically active 

western United States, and comprehensive 

studies of U.S. passive margins present a 

similar opportunity to reach and teach resi-

dents of the eastern and southern United 

States. Furthermore, the economic potential 

of passive margins invites joint study and 

sharing of data by industrial and academic 

scientists.

Existing National Science Foundation 

Programs and Existing Targets

Despite compelling reasons for studying 

passive margins, the U.S. scientifi c commu-

nity is missing the unique opportunity pre-

sented by the U.S. National Science Founda-

tion’s (NSF) EarthScope initiative to study 

these important geologic features. Earth-

Scope is an NSF Earth science program to 

explore the four-dimensional (4-D) structure 

of the North American continent. EarthScope 

provides a framework for integrated stud-

ies across the Earth sciences, built around 

the EarthScope Facility, which consists of 

the Plate Boundary Observatory (PBO), the 

San Andreas Fault Observatory at Depth 

(SAFOD), and the USArray of transportable 

seismometers (www.earthscope.org). The 

USArray—the most important potential tool 

for studying passive margins—is being incre-

mentally deployed from west to east across 

the United States to image mantle structure, 

and it is scheduled to reach the Texas coast 

in 2010 and Maine in 2013.

The GeoSwath initiative is an EarthScope 

effort linked to the USArray to integrate 

geology and geophysical imaging to better 
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understand the 4-D evolution of the conti-

nental United States. GeoSwath emphasizes 

a continuous coast-to-coast perspective 

across the continent’s major geologic prov-

inces (Tikoff et al. [2006]; see also http://

www.globalchange.umich.edu/ben/geo-

swath/). We support the GeoSwath initiative 

and recognize the need to concentrate effort 

in a few sites (currently seven focus regions 

plus a xenolith database). However, USArray 

and GeoSwath, in their present design, stop 

at the waterline, ignoring the opportunity to 

study passive margins. Fully 30% of North 

American continental crust lies beyond the 

shoreline [Cogley, 1984]. 

The continental United States is located 

mostly on the North American tectonic 

plate. The western boundary of the continen-

tal United States and this plate mostly cor-

respond. In contrast, passive margins occur 

in plate interiors, but they are just as impor-

tant as plate boundaries for understanding 

continental evolution. Passive margins are 

built above broad transitional zones, several 

hundred kilometers across, between distinct 

continental and oceanic lithospheres.

Only by studying passive margins can we 

understand how oceanic and continental 

crust and mantle merge. This lithospheric 

transition is buried beneath many kilometers 

of sediments, and it is impossible to study 

except with the sorts of geophysical tools 

that USArray and GeoSwath will use. We 

should not pretend to understand the nature 

and evolution of the North American con-

tinent if we do not understand the passive 

margin lithospheric transition.

As presently envisioned, Earthscope will 

not study U.S. passive margins. The Geo-

Swath initiative addresses passive margin 

development only indirectly, by studying—

within the proposed on-land Appalachian 

focus site—an ancient passive margin dis-

rupted by younger deformation, magma-

tism, and uplift. This entails reconstructing 

deformed and incomplete crustal sections, 

and it will provide few new insights about 

how the transition between continental and 

oceanic lithosphere occurs.

Understanding U.S. passive margins is too 

important to remain a secondary objective of 

Earthscope and GeoSwath; it deserves to be a 

high priority of both. We suggest that two addi-

tional focus regions be designed to similarly 

study the U.S. continental margins along the 

Atlantic and Gulf of Mexico coasts (Figure 1).

We may also be able to use existing NSF 

programs in addition to Earthscope to study 

passive margins; the NSF-MARGINS initiative 

recognizes the importance of understanding 

incipient passive margins through its Ruptur-

ing Continental Lithosphere (RCL) experi-

ment (http://www.nsf-margins.org/RCL/RCL

.html). RCL focuses on active examples of 

continental breakup, especially in the Gulf 

of California focus site (a second focus site 

in the Red Sea was surrendered because 

of security concerns in the Middle East). 

Mature passive margins like those of the 

eastern and southern United States will not 

be studied by RCL as presently articulated. 

Another NSF program that could benefi cially 

link to Earthscope and MARGINS is the 

nascent NSF Ocean Observatories Initiative 

(http://www.orionprogram.org/OOI/).

It will not be easy to study the deeply buried 

lithospheric structure beneath passive margins. 

We also appreciate that USArray and Geo-

Swath are focused on land studies, and that 

the shoreline has traditionally marked an 

operational boundary between land and 

marine geoscientifi c efforts. Whatever these 

obstacles, the fact remains that much of 

the U.S. continent lies beyond the shoreline 

and that better understanding the transition 

between continent and ocean is of para-

mount importance to the U.S. geoscientifi c 

community and broader society.

A Call to Action

We call on the U.S. geoscientifi c commu-

nity to discuss how best to reconfi gure exist-

ing geoscientifi c initiatives to help Earth-

scope study passive margins. Perhaps the 

EarthScope science plan could be modifi ed 

so that submerged continental lithosphere 

and the transition to true oceanic litho-

sphere is included. Or perhaps the MARGINS 

science plan, specifi cally RCL, could be 

modifi ed to include mature passive margins 

as a research priority. 

Another possibility is for EarthScope and 

MARGINS-RCL to jointly study passive mar-

gins. A fi rst step was made at the second 

national EarthScope meeting in Monterey, 

Calif. (March 2007), when two joint Geo-

Swath/MARGINS workshops separately 

evaluated possibilities for collaboration at 

the active continental margin in the Pacifi c 

Northwest and across the actively form-

ing passive margin from the Gulf of Califor-

nia to the Salton Trough. MARGINS is con-

templating a second decade of its mission 

and could expand its mission to study pas-

sive margins. GeoSwath and Earthscope 

should look to a future in which funding 

has grown to allow for the incorporation of 

target areas that bestride our passive mar-

gins, and for USArray-type deployments 

that extend offshore to the true continental 

boundary—not limited by the shoreline that 

is a cartographic irrelevance to our scientifi c 

community’s scientifi c goals. 

Only if such creativity fails need we con-

sider developing a new geoscientifi c initia-

tive specifi cally to study U.S. passive mar-

gins. We invite readers to share their ideas 

for the future synergistic development and 

enhancement of the Earthscope, GeoSwath, 

and MARGINS programs to include study of 

this critical component of our nation. 
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Fig. 1. The GeoSwath focus areas numbered 1–7 plus xenolith database [Tikoff et al., 2006] 
placed on the 2005 Geologic Map of North America [Reed et al., 2005]. We have deleted the 
coastline and emboldened the 3000-meter isobath to stress the point that continental geology 
does not stop at the coastline. Additional boxes labeled Passive Margin #1 and Passive Margin 
#2 are just two of many possible candidate focus areas where the U.S. passive continental mar-
gins could be studied. Figure modifications thanks to E. A. Hinz.
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Radiation transfer theory plays an impor-

tant role in atmospheric science. Important 

areas of the application of atmospheric radi-

ative transfer are climate modeling, weather 

prediction, and atmospheric remote sens-

ing. For these application areas, the radia-

tion transfer equation needs to be solved for 

a broad spectral range—from the ultraviolet 

to the infrared part of the electromagnetic 

spectrum—involving multiple scattering 

by molecules and cloud/aerosol particles, 

absorption by atmospheric gases, surface 

refl ection, and emission of radiation by the 

Earth surface and the atmosphere.

Several good books have been written that 

cover the subject of radiation in the atmo-

sphere, with varying degrees of detail (e.g., 

K. N. Liou, An Introduction to Atmospheric 

Radiation, Academic, 2002; J. Lenoble, 

Atmospheric Radiative Transfer, A. Deepak, 

1993; and R. M. Goody and Y. L. Yung, 

Atmospheric  Radiation- Theoretical Basis, 

Oxford University Press, 1995). Thus, it is a 

real challenge to introduce a new book on 

this subject.

Radiation in the Atmosphere: A Course in 

Theoretical Meteorology is, to a large degree, 

self- contained. It provides enough introduc-

tion to the different aspects of atmospheric 

radiation to be useful for readers with dif-

ferent levels of experience. The authors 

should be credited for their clear descrip-

tions of many aspects of radiative trans-

fer theory and for providing enough math-

ematical steps for readers to be able to 

reproduce results. A distinguishing aspect 

of this book is the inclusion of a discussion 

of the  forward- adjoint radiative perturba-

tion theory, which in the past decade has 

become an increasingly important subject, 

especially in the context of remote sensing 

applications.

Similar to many other books on this topic, 

an important limitation is that most of 

Radiation in the Atmosphere focuses on the 

scalar approximation of the radiative trans-

fer equation. For many applications, including 

the retrieval of ozone profi les described 

in chapter 11, the neglect of polarization 

causes signifi cant errors, even if only the 

radiance needs to be calculated. Polariza-

tion is only discussed as sort of a side effect 

of radiative transfer in chapter 10. Radiation 

in the Atmosphere would have been more 

complete, and would have offered a clearer 

added value to existing books, if vector radi-

ative transfer theory had been used through-

out the book. Moreover, since for most solu-

tion techniques of the radiative transfer 

equation as well as for the  forward- adjoint 

perturbation theory, the extension to polar-

ized light has been available for many years. 

The book introduces the radiative transfer 

equation derived using a phenomenological 

approach. The derivation itself is clear, but 

the book does not mention that the radiative 

transfer equation can also be derived in a 

rigorous manner from classical electromag-

netics (Maxwell equations).

The book summarizes some well-known 

methods for solving the scalar radiative trans-

fer problem in a multiply scattering atmo-

sphere (matrix operator, successive orders 

of scattering, discrete ordinate, spherical 

harmonics, Monte Carlo). For each method, 

enough details are given to allow readers 
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