
202

Chapter 1 References
Alley, R.B., J. Marotzke, W.D. Nordhaus, J.T. Overpeck, D.M. 

Peteet, R.A. Pielke, Jr., R.T. Pierrehumbert, P.B. Rhines, 
T.F. Stocker, L.D. Talley, and J.M. Wallace, 2003: Abrupt 
climate change. Science, 299, pp. 2005–2010.

Archer, D., 2007: Methane hydrate stability and anthropogen-
ic climate change, Journal of Geophysical Research—Bio-
geosciences, 4, pp. 521–544.

Berger, A. and M.F. Loutre, 2002: An exceptionally long In-
terglacial ahead? Science, 297, pp. 1287–1288.

Bindoff, N.L., J. Willebrand, V. Artale, A. Cazenave, J. Grego-
ry, S. Gulev, K. Hanawa, C. Le Quéré, S. Levitus, Y. Nojiri, 
C.K. Shum, L.D. Talley, and A. Unnikrishnan, 2007: Obser-
vations: Oceanic climate change and sea level. In: Climate 
Change 2007: The Physical Science Basis. Contribution of 
Working Group I to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change [Solomon, S., 
D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, 
M. Tignor, and H.L. Miller (eds.)]. Cambridge University 
Press, Cambridge, United Kingdom, pp. 385–432.

Blunier, T. and E.J. Brook, 2001: Timing of millennial-scale 
climate change in Antarctica and Greenland during the last 
glacial period. Science, 291, pp. 109–112.

Boswell, R., 2007: Resource potential of methane hydrate 
coming into focus. Journal of Petroleum  Science and En-
gineering, 56, pp. 9–13.

Broecker, W.S., 1997: Thermohaline circulation, the Achilles 
heel of our climate system: Will man-made CO2 upset the 
current balance? Science, 278, pp. 1582–1588.

Brook, E.J., T. Sowers, and J. Orchardo, 1996: Rapid varia-
tions in atmospheric methane concentration during the past 
110 ka. Science, 273, pp. 1087–1091.

Changnon, S.A., R.A. Pielke, Jr., D. Changnon, R.T. Sylves, 
and R. Pulwarty, 2000: Human factors explain the in-
creased losses from weather and climate extremes. Bulletin 
of the American Meteorological Society, 81, pp. 437–442.

Church, J.A., J.M. Gregory, P. Huybrechts, M. Kuhn, K. 
Lambeck, M.T. Nhuan, D. Qin, and P. Woodworth, 2001: 
Changes in sea level. In: Climate Change 2001: The Scien-
tific Basis. Contribution of Working Group I to the Third 
Assessment Report of the Intergovernmental Panel on 
Climate Change [Houghton, J.T., Y. Ding, D.J. Griggs, M. 
Noguer, P.J. van der Linden, X. Dai, K. Maskell, and C.A. 
Johnson (eds.)]. Cambridge University Press, Cambridge, 
United Kingdom, and New York, NY, USA, pp. 639–693.

Clark, P.U., N.G. Pisias, T.S. Stocker, and A.J. Weaver, 2002: 
The role of the thermohaline circulation in abrupt climate 
change. Nature, 415, pp. 863–869.

Clarke, G.K.C., D.W. Leverington, J.T. Teller, and A.S. Dyke, 
2004: Paleohydraulics of the last outburst flood from gla-
cial Lake Agassiz and the 8200 BP cold event. Quaternary 
Science Reviews, 23, pp. 389–407.

Cook, E.R., C. Woodhouse, C.M. Eakin, D.M. Meko, and 
D.W. Stahle, 2004: Long-term aridity changes in the west-
ern United States. Science, 306, pp. 1015–1018.

Dlugokencky, E.J., K.A. Masarie, P.M. Lang, and P.P. Tans, 
1998: Continuing decline in the growth rate of the atmo-
spheric methane burden. Nature, 393, pp. 447–450.

Emile-Geay, J., M.A. Cane, R. Seager, A. Kaplan, and P. 
Almasi, 2007: ENSO as a mediator for the solar influ-
ence on climate. Paleoceanography, 22, doi:10.1029/2006 
PA001304.

Etheridge, D.M., L.P. Steele, R.J. Francey, and R.L. Lan-
genfelds, 1998: Atmospheric methane between 1000 A.D. 
and present: Evidence of anthropogenic emissions and cli-
matic variability. Journal of Geophysical Research, 103, 
pp. 15,979–15,993.

Fairbanks, R.G., 1989: A 17,000-year glacio-eustatic sea 
level record: Influence of glacial melting dates on the 
Younger Dryas event and deep ocean circulation. Nature, 
342, pp. 637–642.

Gregory, J.M., K.W. Dixon, R.J. Stouffer, A.J. Weaver, E. 
Driesschaert, M. Eby, T. Fichefet, H. Hasumi, A. Hu, J.H. 
Jungclaus, I.V. Kamenkovich, A. Levermann, M. Montoya, 
S. Murakami, S. Nawrath, A. Oka, A.P. Sokolov, and R.B. 
Thorpe, 2005: A model intercomparison of changes in the 
Atlantic thermohaline circulation in response to increas-
ing atmospheric CO2 concentration. Geophysical Research 
Letters, 32, L12703, 4 pp., doi:10.1029/2005GL023209.

Grootes, P.M., M. Stuiver, J.W.C. White, S. Johnsen, and J. 
Jouzel, 1993: Comparison of oxygen isotope records from 
the GISP2 and GRIP Greenland ice cores. Nature, 366, 
pp. 552–554.

Hansen, J. and M. Sato, 2001: Trends of measured cli-
mate forcing agents. Proceedings of the National  Acad-
emy of Sciences, 98, pp. 14,778–14,783, doi:10.1073/
pnas.261553698.

Harvey, L.D.D. and Z. Huang, 1995: Evaluation of the poten-
tial impact of methane clathrate destabilization on future 
global warming. Journal of Geophysical Research, 100, 
pp. 2905–2926.

Herweijer, C., R. Seager, E.R. Cook, and J. Emile-Geay, 
2007: North American droughts of the last millennium 
from a gridded network of tree-ring data. Journal of Cli-
mate, 20, pp. 1353–1376.

Hewitt, C.D., A.J. Broccoli, M. Crucifix, J.M. Gregory, J.F.B. 
Mitchell, and R.J. Stouffer, 2006: The effect of a large 
freshwater perturbation on the glacial North Atlantic Ocean 
using a coupled general circulation model. Journal of Cli-
mate, 19, pp. 4436–4447.

Hodell, D.A., J.H. Curtis, and M. Brenner, 1995: Possible role 
of climate in the collapse of Classic Maya civilization. Na-
ture, 375, pp. 391–394.

Holland, M.M., C.M. Bitz, and B. Tremblay, 2006: Future 
abrupt reductions in the summer Arctic sea ice. Geophysical 
Research Letters, 33, L23503, doi:10.1029/2006GL028024.

Huber, C., M. Leuenberger, R. Spahni, J. Fluckiger, J. 
Schwander, T.F. Stocker, S. Johnsen, A. Landais, and J. 
Jouzel, 2006: Isotope calibrated Greenland temperature 
record over marine isotope stage 3 and its relation to CH4. 
Earth and Planetary Science Letters, 243, pp. 504–519.

R
EF

ER
EN

C
ES



203

Abrupt Climate Change

IPCC, 2007, Climate change 2007: The physical science basis. 
Contribution of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change 
[Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. 
Averyt, M. Tignor, and H.L. Miller (eds.)]. Cambridge Univer-
sity Press, Cambridge, United Kingdom, and New York, NY, 
USA, 996 pp.

Jorgenson, M.T., C.H. Racine, J.C. Walters, and T.E. Osterkamp, 
2001: Permafrost degradation and ecological changes associat-
ed with a warming climate in central Alaska. Climatic Change, 
48, pp. 551–579.

Jorgenson, M.T., Y.L. Shur, and E.R. Pullman, 2006: Abrupt in-
crease in permafrost degradation in Arctic Alaska. Geophysical 
Research Letters, 33, L02503, doi:10.1029/2005GL024960.

Kuhlbrodt, T., A. Griesel, M. Montoya, A. Levermann, M. Hof-
mann, and S. Rahmstorf, 2007: On the driving processes of the 
Atlantic meridional overturning circulation. Reviews of Geo-
physics, 45, RG2001, doi:10.1029/2004RG000166.

Kvenvolden, K.A., 1993: Gas hydrates-geological perspective 
and global change. Reviews of Geophysics, 31, pp. 173–187.

MacFarling Meure, C., D. Etheridge, C. Trudinger, P.S. Steele, 
R. Langenfelds, T. van Ommen, A. Smith, and J. Elkins, 
2006: Law Dome CO2, CH4, and N2O records extended to 
2000 years BP. Geophysical Research Letters, 33, L14810, 
doi:10.1029/2006GL026152.

Mann, M.E., M.A. Cane, S.E. Zebiak, and A. Clement, 2005: 
Volcanic and solar forcing of the tropical Pacific over the past 
1000 years. Journal of Climate, 18, pp. 447–456.

Mao, W.L., C.A. Koh, and E.D. Sloan, 2007: Clathrate hydrates 
under pressure. Physics Today, October, 60(10), pp. 42–47.

Meehl, G.A., T.F. Stocker, W.D. Collins, P. Friedlingstein, A.T. 
Gaye, J.M. Gregory, A. Kitoh, R. Knutti, J.M. Murphy, A. 
Noda, S.C.B. Raper, I.G. Watterson, A.J. Weaver, and Z.-C. 
Zhao, 2007: Global Climate Projections. In: Climate Change 
2007: The Physical Science Basis. Contribution of Working 
Group I to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change [Solomon, S., D. Qin, M. 
Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and 
H.L. Miller (eds.)]. Cambridge University Press, Cambridge, 
United Kingdom, pp. 747–845.

Meissner, K.J. and P.U. Clark, 2006: Impact of floods versus rout-
ing events on the thermohaline circulation. Geophysical Re-
search Letters, 33, L15704, doi:10.1029/2006GL026705.

Mercer, J., 1978: West Antarctic ice sheet and CO2 greenhouse 
effect: A threat of disaster. Nature, 271, pp. 321–325.

Newman, M., G.P. Compo, and M.A. Alexander, 2003: ENSO-
forced variability of the Pacific decadal oscillation. Journal of 
Climate, 16, pp. 3853–3857.

Nicholls, R.J., P.P. Wong, V.R. Burkett, J.O. Codignotto, J.E. Hay, 
R.F. McLean, S. Ragoonaden, and C.D. Woodroffe, 2007: 
Coastal systems and low-lying areas. In: Climate Change 
2007: Impacts, Adaptation and Vulnerability. Contribution of 
Working Group II to the Fourth Assessment Report of the In-
tergovernmental Panel on Climate Change [Parry, M.L., O.F. 
Canziani, J.P. Palutikof, P.J. van der Linden, and C.E. Hanson 
(eds.)]. Cambridge University Press, Cambridge, United King-
dom, pp. 315–356.

NRC, 2002: Abrupt Climate Change: Inevitable Surprises. Na-
tional Academy Press, 230 pp.

Overpeck, J.T. and J.E. Cole, 2006: Abrupt change in Earth’s cli-
mate system. Annual Review of Environment and Resources, 
31, pp. 1–31.

Peltier, W.R., G. Vettoretti, and M. Stastna, 2006: Atlan-
tic meridional overturning and climate response to Arc-
tic Ocean freshening. Geophysical Research Letters, 33, 
doi:10.1029/2005GL025251.

Pielke, R.A. and C.W. Landsea, 1998: Normalized hurricane dam-
ages in the United States, 1925–1995. Weather and Forecast-
ing, 13, pp. 621–631.

Rahmstorf, S., 2007: A semi-empirical approach to projecting fu-
ture sea-level rise. Science, 315, pp. 368–370.

Ridley, J.K., P. Huybrechts, J.M. Gregory, and J.A. Lowe, 2005: 
Elimination of the Greenland ice sheet in a high CO2 climate. 
Journal of Climate, 18, pp. 3409–3427.

Ross, T. and N. Lott, 2003: A Climatology of 1980–2003 Extreme 
Weather and Climate Events. National Climatic Data Center 
Technical Report No. 2003-01, 14 pp.

Rowley, R.J., J.C. Kostelnick, D. Braaten,  X. Li, and J. Meisel, 
2007: Risk of rising sea level to population and land area. Eos, 
Transactions, American Geophysical Union, 88(9), pp.  105–
116, doi:10.1029/2007EO090001.

Sachs, J.P. and R.F. Anderson, 2005: Increased productivity in 
the subantarctic ocean during Heinrich events. Nature, 434, 
pp. 1118–1121.

Schulz, H., U. von Rad, and H. Erlenkeuser, 1998: Correlation 
between Arabian Sea and Greenland climate oscillations of the 
past 110,000 years. Nature, 393, pp. 54–57.

Seager, R., M. Ting, I. Held, Y. Kushnir, J. Lu, G. Vecchi, H.-P. 
Huang, N. Harnik, A. Leetmaa, N.-C. Lau, C. Li, J. Velez, and 
N. Naik, 2007: Model projections of an imminent transition to 
a more arid climate in southwestern North America. Science, 
316, pp. 1181–1184.

Shakhova, N., I. Semiletov, and G. Panteleev, 2005: The distribu-
tion of methane on the Siberian Arctic shelves: Implications for 
the marine methane cycle. Geophysical Research Letters, 32, 
doi:10.1029/2005GL022751.

Shin, S.-I., P.D. Sardeshmukh, R.S. Webb, R.J. Oglesby, and J.J. 
Barsugli, 2006: Understanding the mid-Holocene climate. 
Journal of Climate, 19, pp. 2801–2818.

Spence, J.P., M. Eby, and A.J. Weaver, 2008: The sensitivity of 
the Atlantic meridional overturning circulation to freshwater 
forcing at eddy-permitting resolutions. Journal of Climate (in 
press).

Stahle, D.W., F.K. Fye, E.R. Cook, and R.D. Griffin, 2007: Tree-
ring reconstructed megadroughts over North America since 
AD 1300. Climatic Change, 83, pp. 133–149.

Stouffer, R.J., J. Yin, J.M. Gregory, K.W. Dixon, M.J. Spelman, 
W. Hurlin, A.J. Weaver, M. Eby, G.M. Flato, H. Hasumi, A. 
Hu, J.H. Jungclaus, I.V. Kamenkovich, A. Levermann, M. 
Montoya, S. Murakami, S. Nawrath, A. Oka, W.R. Peltier, D.Y. 
Robitaille, A. Sokolov, G. Vettoretti, and S.L. Weber, 2006: In-
vestigating the causes of the response of the thermohaline cir-
culation to past and future climate changes: Journal of Climate, 
19, pp. 1365–1387.



The U.S. Climate Change Science Program References

204

Stroeve, J., M.M. Holland, W. Meier, T. Scambos, and M. Serreze, 
2007: Arctic sea ice decline: Faster than forecast, Geophysical 
Research Letters, 34, L09501, doi:10.1029/2007GL029703.

Tang, Y.M. and M.J. Roberts, 2005: The impact of a bottom 
boundary layer scheme on the North Atlantic Ocean in a global 
coupled climate model. Journal of Physical Oceanography, 
35, pp. 202–217.

Thorpe, R.B., R.A. Wood, and J.F.B. Mitchell, 2004: The sensi-
tivity of the thermohaline circulation response to preindustrial 
and anthropogenic greenhouse gas forcing to the parameter-
ization of mixing across the Greenland-Scotland ridge. Ocean 
Modelling, 7, pp. 259–268.

Vellinga, M.A. and R.A. Wood, 2007: Impacts of thermohaline 
circulation shutdown in the twenty-first century. Climatic 
Change, doi:10.1007/s10584-006-9146-y.

Weaver, A.J. and C. Hillaire-Marcel, 2004: Global warming and 
the next ice age. Science, 304, pp. 400–402.

Webb, T., III, P.J. Bartlein, S.P. Harrison, and K.H. Anderson, 
1993: Vegetation, lake levels, and climate in eastern North 
America for the past 18,000 years. In: Global Climates since 
the Last Glacial Maximum [Wright, H.E., Jr., J.E. Kutzbach, T. 
Webb III, W.F. Ruddiman, F.A. Street-Perrott, and P.J. Bartlein 
(eds.)]. University of Minnesota Press, Minneapolis, MN.

Weiss, H. and R.S. Bradley, 2001: What drives societal collapse? 
Science, 291, pp. 609–610.

Willebrand, J., B. Barnier, C. Boning, C. Dieterich, P.D. Kill-
worth, C. Le Provost, Y. Jia, J.-M. Molines, and A.L. New, 
2001: Circulation characteristics in three eddy-permitting 
models of the North Atlantic. Progress in Oceanography, 48, 
pp. 123–161.

Williams, J.W., B.N. Shuman, T. Webb III, P.J. Bartlein, and P.L. 
Leduc, 2004: Late-Quaternary vegetation dynamics in North 
America: Scaling from taxa to biomes. Ecological Mono-
graphs, 74, pp. 309–334.

Yancheva, G., N.R. Nowaczyk, J. Mingram, P. Dulski, G. Schet-
tler, J.F.W. Negendank, J. Liu, D.M. Seligman, L.C. Peterson, 
and G.H. Haug, 2007: Influence of the intertropical convergence 
zone on the East Asian monsoon. Nature, 445, pp. 74–77.

Yokoyama, Y., K. Lambeck, P. De Deckker, P. Johnson, and K. 
Fifield, 2000: Timing for the maximum of the last glacial 
constrained by lowest sea-level observations. Nature, 406, 
pp. 713–716.

Zwally, H.J., W. Abdalati, T. Herring, K. Larson, J. Saba, and K. 
Steffen, 2002: Surface melt-induced acceleration of Greenland 
ice-sheet flow. Science, 297, pp. 218–222.

CHAPTER 2 REFERENCES
Abdalati, W., W. Krabill, E. Frederick, S. Manizade, C. Martin, J. 

Sonntag, R. Swift, R. Thomas, W. Wright, and J. Yungel, 2001: 
Outlet glacier and margin elevation changes: Near-coastal thin-
ning of the Greenland ice sheet. Journal of Geophysical Re-
search, 106(D24), pp. 33,729–33,741.

Ackert, R.P., S. Mukhopadhyay, B.R. Parizek, and H.W. Borns, 
2007: Ice elevation near the West Antarctic Ice Sheet divide 
during the last glaciation. Geophysical Research Letters, 34, 
doi:10.1029/2007GL031412.

Alley, R.B., S. Anandakrishnan, T.K.S. Dupont, B.R. Parizek, and 
D. Pollard, 2007: Effect of sedimentation on ice-sheet ground-
ing-line stability. Science, 315, pp. 1838–1841.

Anandakrishnan, S., G.A. Catania, R.B. Alley, and H.J. Hor-
gan, 2007: Discovery of till deposition at the grounding line of 
Whillans Ice Stream. Science, 315, pp. 1835–1838.

Arendt, A.A., K.A. Echelmeyer, W.D. Harrison, C.S. Lingle, and 
V.B. Valentine, 2002: Rapid wastage of Alaska glaciers and 
their contribution to rising sea level. Science, 297, pp. 382–386.

Arnold, N. and M. Sharp, 2002: Flow variability in the Scandina-
vian Ice Sheet: Modeling the coupling between ice sheet flow 
and hydrology. Quaternary Science Reviews, 21, pp. 485–502.

Arthern, R., D. Winebrenner, and D. Vaughan, 2006: Antarc-
tic snow accumulation mapped using polarization of 4.3-cm 
wavelength microwave emission. Journal of Geophysical Re-
search, 111, D06107, doi:10.1029/2004JD005667.

Arthern, R. and D. Wingham, 1998: The natural fluctuations of 
firn densification and their effect on the geodetic determination 
of ice sheet mass balance. Climatic Change, 40, pp. 605–624.

Bales, R., J. McConnell, E. Mosley-Thompson, and B. Csatho, 
2001: Accumulation over the Greenland ice sheet from histori-
cal and recent records. Journal of Geophysical Research, 106, 
pp. 33,813–33,825.

Bamber, J.L., R.B. Alley, and I. Joughin, 2007: Rapid response of 
modern day ice sheets to external forcing. Earth and Planetary 
Science Letters, 257, pp. 1–13.

Bard, E., B. Hamelin., M. Arnold., L. Montaggioni., G. Cabioch, 
G. Faure, and F. Rougerie, 1996: Deglacial sea-level record 
from Tahiti corals and the timing of global meltwater discharge. 
Nature, 382, pp. 241–244.

Barletta, V.R., R. Sabadini, and A. Bordoni, 2008: Isolating the 
PGR signal in the GRACE data: Impact on mass balance esti-
mates in Antarctica and Greenland. Geophysical Journal Inter-
national, 172, pp. 18–30.

Bassett, S.E., G.A. Milne, M.J. Bentley, and P. Huybrechts, 2007: 
Modelling Antarctic sea-level data to explore the possibility of 
a dominant Antarctic contribution to meltwater pulse IA. Qua-
ternary Science Reviews, 26, pp. 2113–2127.

Bassett, S.E., G.A. Milne, J.X. Mitrovica, and P.U. Clark, 2005: 
Ice sheet and solid earth influences on far-field sea-level histo-
ries. Science, 309, pp. 925–928.

Bindschadler, R.A., 1983: The importance of pressurised subgla-
cial water in separation and sliding at the glacier bed. Journal 
of Glaciology, 29, pp. 3–19.

Blunier, T. and E.J. Brook, 2001: Timing of millennial-scale cli-
mate change in Antarctica and Greenland during the last glacial 
period. Science, 291, pp. 109–112.

Boon, S. and M.J. Sharp, 2003: The role of hydrologically-
driven ice fracture in drainage system evolution on an Arc-
tic glacier. Geophysical Research Letters, 30(18), 1916, 
doi:10.1029/2003GL018034.

Box, J.E., D.H. Bromwich, B.A. Veenhuis, L.-S. Bai, J.C. Stro-
eve, J.C. Rogers, K. Steffen, T. Haran, and S.-H. Wang, 2006: 
Greenland ice-sheet surface mass balance variability (1988–
2004) from calibrated Polar MM5 output. Journal of Climate, 
19(12), pp. 2783–2800.



205

Abrupt Climate Change

Bromwich, D.H., Z. Guo, L. Bai, and Q.-S. Chen, 2004: Modeled 
Antarctic precipitation. Part I: Spatial and temporal variability. 
Journal of Climate, 17(3), pp. 427–447.

Brown, C.S., M.F. Meier, and A. Post, 1983: Calving Speed of 
Alaska Tidewater Glaciers, with Application to Columbia 
Glacier. U.S. Geological Survey Professional Paper 1258-C, 
13 pp.

Chappell, J., 2002: Sea level changes forced ice breakouts in the 
Last Glacial cycle: New results from coral terraces. Quater-
nary Science Reviews, 21(10), pp. 1229–1240.

Chen, J.L., C.R. Wilson, D.D. Blankenship, and B.D. Tapley, 
2006: Antarctic mass rates from GRACE. Geophysical Re-
search Letters, 33, L11502, doi:10.1029/2006GL026369.

Church, J.A., J.M. Gregory, P. Huybrechts, M. Kuhn, K. Lambeck, 
M.T. Nhuan, D. Qin, and P. Woodworth, 2001: Changes in sea 
level. In: Climate Change 2001: The Scientific Basis. Contribu-
tion of Working Group I to the Third Assessment Report of the 
Intergovernmental Panel on Climate Change [Houghton, J.T., 
Y. Ding, D.J. Griggs, M. Noguer, P.J. van der Linden, X. Dai, 
K. Maskell, and C.A. Johnson (eds.)]. Cambridge University 
Press, Cambridge, United Kingdom, and New York, NY, USA, 
pp. 639–693.

Clark, P.U., R.B. Alley, L.D. Keigwin, J.M. Licciardi, S.J. John-
sen, and H. Wang, 1996: Origin of the first global meltwater 
pulse following the last glacial maximum. Paleoceanography, 
11, pp. 563–577.

Clark, P.U., A.M. McCabe, A.C. Mix, and A.J. Weaver, 2004: The 
19-kyr B.P. meltwater pulse and its global implications. Sci-
ence, 304, pp. 1141–1144.

Clark, P.U., J.X. Mitrovica, G.A. Milne, and M. Tamisiea, 2002: 
Sea-level fingerprinting as a direct test for the source of global 
meltwater pulse IA. Science, 295, pp. 2438–2441.

Clark, P.U. and A.C. Mix, 2002: Ice sheets and sea level of the last 
glacial maximum. Quaternary Science Reviews, 21, pp. 1229–
1240.

Clarke, G.K.C., 1987: Fast glacier flow: Ice streams, surging, 
and tidewater glaciers. Journal of Geophysical Research, 92, 
pp. 8835–8841.

Conway, H., B.L. Hall, G.H. Denton, A.M. Gades, and E.D. Wad-
dington, 1999: Past and future grounding line retreat of the 
west Antarctic Ice Sheet. Science, 286, pp. 280–283.

Cook, A.J., A.J. Fox, D.G. Vaughan, and J.G. Ferrigno, 2005: 
Retreating glacier fronts on the Antarctic Peninsula over  
the past half-century. Science, 308, pp. 541–544, doi:10.1126/
science.1104235.

Copland, L., M.J. Sharp, and P. Nienow, 2003: Links between 
short-term velocity variations and the subglacial hydrology of 
a predominantly cold polythermal glacier. Journal of Glaciol-
ogy, 49, pp. 337–348.

Cuffey, K.M. and S.J. Marshall, 2000: Substantial contribution to 
sea-level rise during the last interglacial from the Greenland ice 
sheet. Nature, 404, pp. 591–594.

Cutler, K.B., R.L. Edwards, F.W. Taylor, H. Cheng, J. Adkins, 
C.D. Gallup, P.M. Cutler, G.S. Burr, and A.L. Bloom, 2003: 
Rapid sea-level fall and deep-ocean temperature change since 
the last interglacial period. Earth and Planetary Science Let-
ters, 206, pp. 253–271.

Davis, C.H., Y. Li, J. McConnell, M.M. Frey, and E. Hanna, 2005: 
Snowfall-driven growth in east Antarctic ice sheet mitigates re-
cent sea-level rise. Science, 308(5730), pp. 1898–1901.

DeAngelis, H. and P. Skvarca, 2003: Glacier surge after ice shelf 
collapse. Science, 299, pp. 1560–1562.

DeConto, R. and D. Pollard, 2003: Rapid Cenozoic glaciation 
of Antarctica induced by declining atmospheric CO2. Nature, 
421, pp. 245–249.

Denton, G.H., R.B. Alley, G.C. Comer, and W.S. Broecker, 2005: 
The role of seasonality in abrupt climate change. Quaternary 
Science Reviews, 24, pp. 1159–1182.

Dyke, A.S., 2004: An outline of North American deglaciation with 
emphasis on central and northern Canada. In: Quaternary Gla-
ciations—Extant and Chronology [Ehlers, J. and P.L. Gibbard 
(eds.)]. Elsevier Science and Technology Books, Amsterdam, 
Part II, 2b, pp. 373–424.

Edwards, R.L., J.W. Beck, G.S. Burr, D.J. Donahue, J.M.A. 
Chappell, A.L. Bloom, E.R.M. Druffel, and F.W. Taylor, 1993: 
A large drop in atmospheric 14C/12C and reduced melting in the 
Younger Dryas, documented with 230Th ages of corals. Science, 
260, pp. 962–968.

Fahnestock, M.A., W. Abdalati, and C. Shuman, 2002: Long melt 
seasons on ice shelves of the Antarctic Peninsula: An analysis 
using satellite based microwave emission measurements. An-
nals of Glaciology, 34, pp. 127–133.

Fairbanks, R.G., 1989: A 17,000-year glacio-eustatic sea level re-
cord: Influence of glacial melting dates on the Younger Dryas 
event and deep ocean circulation. Nature, 342, pp. 637–642.

Fairbanks, R.G., C.D. Charles, and J.D. Wright, 1992: Origin of 
global meltwater pulses, In: Radiocarbon after Four Decades 
[Taylor, R.E., A. Long, and R.S. Kra (eds.)]. Springer-Verlag, 
New York, pp. 473–500.

Flowers, G. and G. Clarke, 2002: A multi-component coupled 
model of glacier hydrology. Journal of Geophysical Research, 
107(B11), p. 2287.

Fricker, H.A., N.W. Young, R. Coleman, J.N. Bassis, and J.-B. 
Minster, 2005: Multi-year monitoring of rift propagation on the 
Amery Ice Shelf, East Antarctica. Geophysical Research Let-
ters, 32, L02502, doi:10.1029/2004GL021036.

Giovinetto, M.B. and J. Zwally, 2000: Spatial distribution of net 
surface accumulation on the Antarctic ice sheet. Annals of Gla-
ciology, 31, pp. 171–178.

Gregory, J.M., P. Huybrechts, and S.C.B. Raper, 2004: Threat-
ened loss of the Greenland ice sheet. Nature, 428, p. 616.

Grosfeld, K. and H. Sandhager, 2004: The evolution of a coupled 
ice shelf–ocean system under different climate states. Global 
and Planetary Change, 42, pp. 107–132.

Haeberli, W., M. Zemp, M. Hoelzle, R. Frauenfelder, M. Hoel-
zle, and A. Kääb, 2005: Fluctuations of Glaciers, 1995–2000 
(vol. VIII). International Commission on Snow and Ice of In-
ternational Association of Hydrological Sciences/UNESCO, 
Paris. http://www.geo.unizh.ch/wgms.

Hanebuth, T., K. Stattegger, and P.M. Grootes, 2000: Rapid flood-
ing of the Sunda Shelf: A late-glacial sea-level record. Science, 
288, pp. 1033–1035.



The U.S. Climate Change Science Program References

206

Hanna, E., P. Huybrechts, I. Janssens, J. Cappelen, K. Steffen, and 
A. Stephens, 2005: Runoff and mass balance of the Greenland 
ice sheet: 1958–2003. Journal of Geophysical Research, 110, 
D13108, doi:10.1029/2004JD005641.

Heroy, D.C. and J.B. Anderson, 2007: Radiocarbon constraints on 
Antarctic Peninsula Ice Sheet retreat following the last glacial 
maximum (LGM): Quaternary Science Reviews, 26, pp. 1235–
1247.

Higgins, A.K., 1991: North Greenland glacier velocities and calf 
ice production. Polarforschung, 60, pp. 1–23.

Hock, R., 2003: Temperature index melt modeling in moun-
tain areas. Journal of Hydrology, 282, doi:10.1016/
S0022-1694(03)00257-9, pp. 104–115.

Holland, D.M., B. deYoung, R. Bachmayer, and R. Thomas, 
2007: Ocean observations at Jakobshavn (abs.). XVI Annual 
Meeting of the West Antarctic Ice Sheet Initiative.

Holland, D.M., S.S. Jacobs, and A. Jenkins, 2003: Modeling Ross 
Sea ice shelf–ocean interaction. Antarctic Science, 15, pp. 13–
23.

Holland, P.R., A. Jenkins, and D.M. Holland, 2008: The response 
of ice-shelf basal melting to variations in ocean temperature. 
Journal of Climate, 21(11), pp. 2558–2572.

Horton, R., C. Herweijer, C. Rosenzweig, J. Liu, V. Gomitz, and 
A.C. Ruane, 2008: Sea level rise projections for current gen-
eration GCMs based on semi-empirical method: Geophysical 
Research Letters, 35, L02715, doi:10.1029/2007GL032486.

Horwath, M. and R. Dietrich, 2006: Errors of regional mass varia-
tions inferred from GRACE monthly solutions. Geophysical 
Research Letters, 33, L07502, doi:10.1029/2005GL0255550.

Howat, I.M., I. Joughin, S. Tulaczyk, and S. Gogineni, 2005: 
Rapid retreat and acceleration of Helheim Glacier, east 
Greenland. Geophysical Research Letters, 32, L22502, 
doi:10.1029/2005GL024737.

Huber, C., M. Leuenberger, R. Spahni, J. Fluckiger, J. Schwan-
der, T.F. Stocker, S. Johnsen, A. Landais, and J. Jouzel, 2006: 
Isotope calibrated Greenland temperature record over marine 
isotope stage 3 and its relation to CH4. Earth and Planetary 
Science Letters, 243(3–4), pp. 504–519.

Hughes, T.J., 1973: Is the West Antarctic ice-sheet disintegrating? 
Journal of Geophysical Research, 78, pp. 7884–7910.

Huybrechts, P., 2002: Sea-level changes at the LGM from ice-
dynamic reconstructions of the Greenland and Antarctic ice 
sheets during the glacial cycles. Quaternary Science Reviews, 
21(1–3), pp. 203–231.

Huybrechts, P., J. Gregory, I. Janssens, and M. Wild, 2004: Mod-
elling Antarctic and Greenland volume changes during the 
20th and 21st centuries forced by GCM time slice integrations. 
Global and Planetary Change, 42(1–4), pp. 83–105.

Iken, A. and R.A. Bindschadler, 1986: Combined measurements 
of subglacial water pressure and surface velocity of Findeleng-
letscher, Switzerland: Conclusions about drainage system and 
sliding mechanism. Journal of Glaciology, 32, pp. 101–119.

ISMASS Committee, 2004: Recommendations for the collection 
and synthesis of Antarctic Ice Sheet mass balance data. Global 
and Planetary Change, 42(1–4), pp. 1–15.

ISOMIP Group, 2007: Ice Shelf–Ocean Model Intercomparison 
Project website. http://efdl.cims.nyu.edu/project_oisi/isomip/.

Ivins, E.R. and T.R. James, 2005: Antarctic glacial isostatic adjust-
ment: A new assessment: Antarctic Science, 17, pp. 537–549.

Jacobs, S.S. and C. Giulivi, 1998: Interannual ocean and sea ice 
variability in the Ross Sea. Antarctic Research Series, 75, 
pp. 135–150.

Jacobs, S.S., H.H. Hellmer, and A. Jenkins, 1996: Antarctic ice 
sheet melting in the Southeast Pacific. Geophysical Research 
Letters, 23(9), pp. 957–960, doi:10.1029/96GL00723.

Jenkins, A. and C.S.M. Doake, 1991: Ice-ocean interaction on 
Ronne Ice Shelf, Antarctica. Journal of Geophysical Research, 
96(C1), pp. 791–813, doi:10.1029/90JC01952.

Jezek, K.C., P. Gogineni, and M. Shanableh, 1994: Radar measure-
ments of melt zones on the Greeland Ice Sheet. Geophysical 
Research Letters, 21(1), pp. 33–36, doi:10.1029/93GL03377.

Johannessen, O., K. Khvorostovsky, M. Miles, and L. Bobylev, 
2005: Recent ice-sheet growth in the interior of Greenland. Sci-
ence, 310, pp. 1013–1016.

Joughin, I., W. Abdalati, and M. Fahnestock, 2004: Large fluctua-
tions in speed on Greenland’s Jakobshavn Isbræ glacier. Na-
ture, 432, pp. 608–610.

Joughin, I. and J. Bamber, 2005: Thickening of the ice stream 
catchments feeding the Filchner-Ronne Ice Shelf, Ant-
arctica. Geophysical Research Letters, 32, L17503, 
doi:10.1029/2005GL023844.

Joughin, I.,  E. Rignot, C.E. Rosanova, B.K. Lucchitta, and J. 
Bohlander, 2003: Timing of recent accelerations of Pine Island 
Glacier, Antarctica. Geophysical Research Letters, 30(13), 
1706, doi:10.1029/2003GL017609.

Joughin, I. and S. Tulaczyk, 2002: Positive mass balance of 
the Ross Ice Streams, West Antarctica. Science, 295(5554), 
pp. 476–480.

Joughin, I., S. Tulaczyk, R. Bindschadler, and S.F. Price, 2002: 
Changes in west Antarctic ice stream velocities: Observation 
and analysis. Journal of Geophysical Research, 107(B11), 
2289, doi:10.1029/2001JB001029. 

Kamb, B., 1991: Rheological nonlinearity and flow instability in 
the deforming bed mechanism of ice stream motion. Journal of 
Geophysical Research, 96, pp. 16,585–16,595.

Kaser, G., J.G. Cogley, M.B. Dyurgerov, M.F. Meier, and A. 
Ohmura, 2006: Mass balance of glaciers and ice caps: Consen-
sus estimates for 1961–2004. Geophysical Research Letters, 
33, L19501, doi:10.1029/2006GL027511.

Kawamura, K., F. Parrenin, L. Lisiecki, R. Uemura, F. Vimeux, 
J.P. Severinghaus, M.A. Hutterli, T. Nakazawa, S. Aoki, J. Jou-
zel, M.E. Raymo, K. Matsumoto, H. Nakata, H. Motoyama, 
S. Fujita, K. Goto-Azuma, Y. Fujii, and O. Watanabe, 2007: 
Northern Hemisphere forcing of climatic cycles in Antarctica 
over the past 360,000 years. Nature, 448, pp. 912–917.

Koerner, R.M., 1989: Ice-core evidence for extensive melting of 
the Greenland Ice Sheet in the last interglacial. Science, 244, 
pp. 964–968.

Krabill, W., W. Abdalati, E. Frederick, S. Manizade, C. Martin, J. 
Sonntag, R. Swift, R. Thomas, W. Wright, and J. Yungel, 2000: 
Greenland Ice Sheet: High-elevation balance and peripheral 
thinning. Science, 289, pp. 428–430.



207

Abrupt Climate Change

Krabill, W., W. Abdalati, E.B. Frederick, S.S. Manizad, C.F. Mar-
tin, J.G. Sonntag, R.N. Swift, R.H. Thomas, and J.G. Yungel, 
2002: Aircraft laser altimetry measurement of elevation chang-
es of the Greenland Ice Sheet: Technique and accuracy assess-
ment. Journal of Geodynamics, 34, pp. 357–376.

Krabill, W., E. Hanna, P. Huybrechts, W. Abdalati, J. Cappelen, 
B. Csatho, E. Frederick, S. Manizade, C. Martin, J. Sonntag, 
R. Swift, R. Thomas, and J. Yunge, 2004: Greenland Ice Sheet: 
Increased coastal thinning. Geophysical Research Letters, 31, 
L24402, doi:10.1029/2004GL021533.

Larsen, C.F., R.J. Motyka, A.A. Arendt, K.A. Echelmeyer, and 
P.E. Geissler, 2007: Glacier changes in southeast Alaska 
and northwest British Columbia and contribution to sea 
level rise. Journal of Geophysical Research, 112, F01007, 
doi:10.1029/2006JF000586.

Lemke, P., J. Ren, R.B. Alley, I. Allison, J. Carrasco, G. Flato, Y. 
Fujii, G. Kaser, P. Mote, R.H. Thomas, and T. Zhang, 2007: 
Observations: Changes in snow, ice and frozen ground. In: 
Climate Change 2007: The Physical Science Basis. Contribu-
tion of Working Group I to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change [Solomon, S., 
D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. 
Tignor, and H.L. Miller (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom.

Levitus, S., J.I. Antonov, T.P. Boyer, and C. Stephens, 2000: Warm-
ing of the World Ocean. Science, 287(5461), pp. 2225–2229, 
doi:10.1126/science.287.5461.2225.

Lewis, E.L. and R.G. Perkins, 1986: Ice pumps and their rates. Jour-
nal of Geophysical Research, 91(1986), pp. 11,756–11,762.

Li, J. and J. Zwally, 2004: Modeling the density variation in shal-
low firn layer. Annals of Glaciology, 38, pp. 309–313.

Luthcke, S.B., H.J. Zwally, W. Abdalati, D.D. Rowlands, R.D. 
Ray, R.S. Nerem, F.G. Lemoine, J.J. McCarthy, and D.S. 
Chinn, 2006: Recent Greenland ice mass loss by drainage sys-
tem from satellite gravity observations. Science, 314(5803), 
pp. 1286–1289.

MacAyeal, D.R., 1989: Large-scale flow over a viscous basal 
sediment: Theory and application to Ice Stream B, Antarctica. 
Journal of Geophysical Research, 94, pp. 4071–4087.

Mackintosh, A., D. White, D. Fink, D.B. Gore, J. Pickard, and 
P.C. Fanning, 2007: Exposure ages from mountain dipsticks in 
Mac. Robertson Land, East Antarctica, indicate little change in 
ice-sheet thickness since the last glacial maximum. Geology, 
35, pp. 551–554.

Mair, D., P. Nienow, I. Willis, and M. Sharp, 2001: Spatial pat-
terns of glacier motion during a high-velocity event: Haut 
Glacier d’Arolla, Switzerland. Journal of Glaciology, 47, pp. 
9–20.

Meehl, G.A., T.F. Stocker, W.D. Collins, P. Friedlingstein, A.T. 
Gaye, J.M. Gregory, A. Kitoh, R. Knutti, J.M. Murphy, A. 
Noda, S.C.B. Raper, I.G. Watterson, A.J. Weaver, and Z.-C. 
Zhao, 2007: Global climate projections. In: Climate Change 
2007: The Physical Science Basis. Contribution of Working 
Group I to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change [Solomon, S., D. Qin, M. 
Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and 
H.L. Miller (eds.)]. Cambridge University Press, Cambridge, 
United Kingdom and New York, NY, USA, pp. 747–845.

Meier, M.F., M.B. Dyurgerov, U.K. Rick, S. O’Neel, W.T. Pfef-
fer, R.S. Anderson, S.P. Anderson, and A.F. Glazovskiy, 2007: 
Glaciers dominate eustatic sea-level rise in the 21st century. 
Science, 317, pp. 1064–1067.

Mercer, J., 1978: West Antarctic ice sheet and CO2 greenhouse 
effect: A threat of disaster. Nature, 271(5643), pp. 321–325.

Monaghan, A.J., D.H. Bromwich, R.L. Fogt, S.-H. Wang, P.A. 
Mayewski, D.A. Dixon, A. Ekaykin, M. Frezzotti, I.D. Good-
win, E. Isaksson, S.D. Kaspari, V.I. Morgan, H. Oerter, T. van 
Ommen, C.J. van der Veen, and J.S. Wen, 2006: Insignificant 
change in Antarctic snowfall since the International Geophysi-
cal Year. Science, 313, pp. 827–830.

Morris, E.M. and D.G. Vaughan, 1994: Snow surface tempera-
tures in West Antarctica. Antarctic Science, (6), pp. 529–535.

Muhs, D.R., K.R. Simmons, and B. Steinke, 2002: Timing and 
warmth of the Last Interglacial period: New U-series evidence 
from Hawaii and Bermuda and a new fossil compilation for 
North America. Quaternary Science Reviews, 21, pp.  1355–
1383.

Nakicenovic, N., J. Alcamo, G. Davis, B. de Vries, J. Fenhann, 
S. Gaffin, K. Gregory, A. Grübler, T.Y. Jung, T. Kram, E. Le-
bre La Rovere, L. Michaelis, S. Mori, T. Morita, W. Pepper, 
H. Pitcher, L. Price, K. Riahi, A. Roehrl, H.-H. Rogner, A. 
Sankovski, M. Schlesinger, P. Shukla, S. Smith, R. Swart, S. 
van Rooijen, N. Victor, and Z. Dadi, 2000: Intergovernmental 
Panel on Climate Change Special Report on Emissions Sce-
narios. Cambridge University Press, Cambridge, United King-
dom, 599 pp.

Oerlemans, J., M. Dyurgerov, and R.S.W. van de Wal, 2007: Re-
constructing the glacier contribution to sea-level rise back to 
1850. The Cryosphere, 1(1), pp. 59–65.

O’Neel, S., K. Echelmeyer, and R. Motyka, 2001: Short-term 
dynamics of a retreating tidewater glacier: LeConte Glacier, 
Alaska, USA. Journal of Glaciology, 47, pp. 567–578.

O’Neel, S., W.T. Pfeffer, R.M. Krimmel, and M.F. Meier, 2005: 
Evolving force balance at Columbia Glacier, during its rap-
id retreat. Journal of Geophysical Research, 110, F03012, 
doi:10.1029/2005JF000292.

Otto-Bliesner, B.L., S.J. Marshall, J.T. Overpeck, G.H. Miller, and 
A.X. Hu, 2006: Simulating arctic climate warmth and icefield 
retreat in the last interglaciation. Science, 311, pp. 1751–1753.

Pagani, M., J.C. Zachos, K.H. Freeman, B. Tipple, and S. Bohaty, 
2005: Marked decline in atmospheric carbon dioxide concen-
trations during the Paleogene. Science, 309, pp. 600–603.

Parizek, B.R. and R.B. Alley, 2004: Implications of increased 
Greenland surface melt under global-warming scenarios: Ice-
sheet simulations. Quaternary Science Reviews, 23, pp. 1013–
1027.

Paterson, W.S.B., 1994: The Physics of Glaciers, 3d ed. Elsevier 
Science Ltd., New York.

Pattyn, F., 2002: Transient glacier response with a higher-order 
numerical ice-flow model. Journal of Glaciology, 48(162), 
pp. 467–477.

Pattyn, F., A. Huyghe, S. De Brabander, and B. De Smedt, 
2006: The role of transition zones in marine ice sheet dy-
namics. Journal of Geophysical Research, 111, F02004, 
doi:10.1029/2005JF000394.



The U.S. Climate Change Science Program References

208

Payne, A.J., A. Vieli, A. Shepherd, D.J. Wingham, and E. Rignot, 
2004: Recent dramatic thinning of largest West-Antarctic ice 
stream triggered by oceans. Geophysical Research Letters, 31, 
L23401, doi:10.1029/2004GL021284.

Peltier, W.R., 1998: ‘‘Implicit ice’’ in the global theory of gla-
cial isostatic adjustment. Geophysical Research Letters, 25, 
pp. 3955–3958.

Peltier, W.R., 2004, Global glacial isostatic adjustment and the 
surface of the ice-age Earth: The ICE-5G(VM2) model and 
GRACE. Annual Review, Earth and Planetary Science Letters, 
32, pp. 111–149.

Peltier, W.R., 2005: On the hemispheric origins of meltwater 
pulse 1a: Quaternary Science Reviews, 24, pp. 1655–1671.

Peltier, W.R., and R.G. Fairbanks, 2006: Global glacial ice vol-
ume and Last Glacial Maximum duration from an extended 
Barbados sea level record. Quaternary Science Reviews, 25, 
pp. 3322–3337.

Petit, J.R., J. Jouzel, D. Raynaud, N.I. Barkov, J.-M. Barnola, I. 
Basile, M. Bender, J. Chappellaz, M. Davis, G. Delaygue, M. 
Delmotte, V.M. Kotlyakov, M. Legrand, V.Y. Lipenkov, C. Lo-
rius, L. Pepin, C. Ritz, E. Saltzman, and M. Stievenard, 1999: 
Climate and atmospheric history of the past 420,000 years 
from the Vostok ice core. Nature, 399, pp. 429–436.

Price, S.F., H. Conway, and E.D. Waddington, 2007: Evi-
dence for late Pleistocene thinning of Siple Dome, West 
Antarctica. Journal of Geophysical Research, 112, F03021, 
doi:10.1029/2006JF000725.

Pritchard, H.D. and D.G. Vaughan, 2007: Widespread acceleration 
of tidewater glaciers on the Antarctic Peninsula. Journal of Geo-
physical Research, 112, F03S29, doi:10.1029/2006JF000597.

Rahmstorf, S., 2007: A semi-empirical approach to projecting fu-
ture sea-level rise. Science, 315, pp. 368–370.

Ramillien, G., A. Lombard, A. Cazenave, E.R. Ivins, M. Llubes, 
F. Remy, and R. Biancale, 2006: Interannual variations of the 
mass balance of the Antarctica and Greenland ice sheets from 
GRACE. Global and Planetary Change, 53, pp. 198–208.

Raper, S.C.B. and R.J. Braithwaite, 2006: Low sea level rise 
projections from mountain glaciers and ice caps under global 
warming. Nature, 439, pp. 311–313.

Raynaud, D., J. Chappellaz, C. Ritz, and P. Martinerie, 1997: Air 
content along the Greenland Ice Core Project core: A record of 
surface climatic parameters and elevation in central Greenland. 
Journal of Geophysical Research, 102, pp. 26,607–26,613.

Reeh, N., C. Mayer, H. Miller, H.H. Thomson, and A. Weidick, 
1999: Present and past climate control on fjord glaciations in 
Greenland: Implications for IRD-deposition in the sea. Geo-
physical Research Letters, 26, pp. 1039–1042.

Remy, F., L. Testut, and B. Legresy, 2002: Random fluctuations 
of snow accumulation over Antarctica and their relation to sea 
level change. Climate Dynamics, 19, pp. 267–276.

Ridley, J.K., P. Huybrechts, J.M. Gregory, and J.A. Lowe, 2005: 
Elimination of the Greenland ice sheet in a high CO2 climate. 
Journal of Climate, 18, pp. 3409–3427.

Rignot, E., 2006: Changes in ice flow dynamics and ice mass bal-
ance of the Antarctic Ice Sheet. Philosophical Transactions of 
the Royal Society of London, Series A, 364(1844), pp. 1637–
1655.

Rignot, E., J.L. Bamber, M.R. van den Broeke, C. Davis, Y. Li, W. 
Jan van de Berg, and E. van Meijgaard, 2008: Recent Antarctic 
ice mass loss from radar interferometry and regional climate 
modelling. Nature Geoscience, 1, pp. 106–110.

Rignot, E., G. Casassa G., S. Gogineni,  P. Kanagaratnam, W. 
Krabill, H. Pritchard, A. Rivera, R. Thomas, J. Turner, and D. 
Vaughan, 2005: Recent ice loss from the Fleming and other 
glaciers, Wordie Bay, West Antarctic Peninsula. Geophysical 
Research Letters, 32, L07502, doi:10.1029/2004GL021947.

Rignot, E., G. Casassa, P. Gogineni, W. Krabill, A. Rivera, 
and R. Thomas, 2004a: Accelerated ice discharge from 
the Antarctic Peninsula following the collapse of Lar-
sen B ice shelf. Geophysical Research Letters, 31, L18401, 
doi:10.1029/2004GL020697.

Rignot, E. and S. Jacobs, 2002: Rapid bottom melting wide-
spread near Antarctic Ice Sheet grounding lines. Science, 296, 
pp. 2020–2023.

Rignot, E. and P. Kanagaratnam, 2006: Changes in the velocity 
structure of the Greenland Ice Sheet. Science, 311, pp.  986–
990.

Rignot, E. and R.H. Thomas, 2002: Mass balance of polar ice 
sheets. Science, 297(5586), pp. 1502–1506.

Rignot, E., R.H. Thomas, P. Kanagaratnam, G. Casassa, E. 
Frederick, S. Gogineni, W. Krabill, A. Rivera, R. Russell, J. 
Sonntag, R. Swift, and J. Yungel, 2004b: Improved estimation 
of the mass balance of the glaciers draining into the Amund-
sen Sea sector of West Antarctica from the CECS/NASA 2002 
campaign. Annals of Glaciology, 39, 7 pp.

Rignot, E.J., D.G. Vaughan, M. Schmeltz, T. Dupont, and D.R. 
MacAyeal, 2002: Acceleration of Pine Island and Thwaites Gla-
ciers, West Antarctica. Annals of Glaciology, 34, pp. 189–194.

Rinterknecht, V.R., P.U. Clark, G.M. Raisbeck, F. Yiou, A. Bi-
tinas, E.J. Brook, L. Marks, V. Zelčs, J.-P. Lunkka, I.E. Pavlov-
skaya, J.A. Piotrowski, and A. Raukas, 2006: The last deglacia-
tion of the southeastern sector of the Scandinavian Ice Sheet. 
Science, 311, pp. 1449–1452.

Rohling, E.J., K. Grant, C.H. Hemleben, M. Siddall, B.A. Hoogak-
ker,  M. Bolshaw, and M. Kucera, 2008: High rates of sea-level 
rise during the last interglacial period. Nature, 1, pp. 38–42.

Röthlisberger, H., 1972: Water pressure in intra- and subglacial 
channels. Journal of Glaciology, 11(62), pp. 177–204.

Rott, H., W. Rack, P. Skvarca, and H. de Angelis, 2002: Northern 
Larsen Ice Shelf, Antarctica: Further retreat after collapse. An-
nals of Glaciology, 34, pp. 277–282.

Scambos, T., J. Bohlander, C. Shuman, and P. Skvarca, 2004: 
Glacier acceleration and thinning after ice shelf collapse in the 
Larsen B embayment, Antarctica. Geophysical Research Let-
ters, 31, L18401, doi:10,1029/2004GL020670.

Scambos, T., C. Hulbe, and M. Fahnestock, 2003: Climate-in-
duced ice shelf disintegration in the Antarctic Peninsula. Ant-
arctic Research Series, 79, pp. 79–92.

Scambos, T., C. Hulbe, M. Fahnestock, and J. Bohlander, 2000: 
The link between climate warming and break-up of ice shelves 
in the Antarctic Peninsula. Journal of Glaciology, 46, pp. 516–
530.

Schoof, Ch., 2007: Marin ice-sheet dynamics. Part 1. The case 
of rapid sliding. Journal of Fluid Mechanics, 573, pp. 27–55.



209

Abrupt Climate Change

Shackleton, N.J., 2000: The 100,000-year ice-age cycle identified 
and found to lag temperature, carbon dioxide, and orbital ec-
centricity. Science, 289, pp. 1897–1902.

Shepherd, A., D.J. Wingham, and J.A.D. Mansley, 2002: Inland 
thinning of the Amundsen Sea sector, West Antarctica. Geo-
physical Research Letters, 29(10), p. 1364.

Shepherd, A., D. Wingham, T. Payne, and P. Skvarca, 2003: Lars-
en Ice Shelf has progressively thinned. Science, 302, pp. 856–
859.

Shreve, R.L., 1972: Movement of water in glaciers. Journal of 
Glaciology, 11(62), pp. 205–214.

Simms, A.R., K. Lambeck, A. Purcell, J.B. Anderson, and A.B. 
Rodriguez, 2007: Sea-level history of the Gulf of Mexico since 
the last glacial maximum with implications for the melting his-
tory of the Laurentide Ice Sheet. Quaternary Science Reviews, 
26, pp. 920–940.

Steffen, K. and J.E. Box, 2001: Surface climatology of the Green-
land ice sheet: Greenland climate network 1995–1999. Journal 
of Geophysical Research, 106, pp. 33,951–33,964.

Steffen, K., R. Huff, N. Cullen, E. Rignot, and A. Bauder, 2004a: 
Sub-glacier ocean properties and mass balance estimates of 
Petermann Gletscher’s floating tongue in Northwestern Green-
land. In: American Geophysical Union Fall Meeting, San Fran-
cisco, CA, December 13–17, 2004, abstract #C31B-0313.

Steffen, K., S.V. Nghiem, R. Huff, and G. Neumann, 2004b: The 
melt anomaly of 2002 on the Greenland Ice Sheet from active 
and passive microwave satellite observations. Geophysical Re-
search Letters, 31, L20402, doi:10.1029/2004GL020444.

Stirling, C.H., T.M. Esat, K. Lambeck, and M.T. McCulloch, 
1998: Timing and duration of the last interglacial: Evidence for 
a restricted interval of widespread coral reef growth. Earth and 
Planetary Science Letters, 160(3–4), pp. 745–762.

Stirling, C.H., T.M. Esat, M.T. McCulloch, and K. Lambeck, 
1995: High-precision U-series dating of corals from West-
ern Australia and implications for the timing and duration of 
the Last Interglacial. Earth and Planetary Science Letters, 
135(1–4), pp. 115–130.

Stone, J.O., G.A. Balco, D.E. Sugden, M.W. Caffee, L.C. Sass 
III, S.G. Cowdery, and C. Siddoway, 2003: Holocene deglacia-
tion of Marie Byrd Land, West Antarctica. Science, 299(5603), 
pp. 99–102.

Stouffer, R.J., J. Yin, J.M. Gregory, K.W. Dixon, M.J. Spelman, 
W. Hurlin, A.J. Weaver,  M. Eby, G.M. Flato, H. Hasumi, A. 
Hu, J.H. Jungclaus, I.V. Kamenkovich, A. Levermann,  M. 
Montoya, S. Murakami, S. Nawrath, A. Oka, W.R. Peltier, D.Y. 
Robitaille, A. Sokolov, G. Vettoretti, and S.L. Weber, 2006: In-
vestigating the causes of the response of the thermohaline cir-
culation to past and future climate changes. Journal of Climate, 
19, pp. 1365–1387.

Thomas, R., W. Abdalati, E. Frederick, W. Krabill, S. Manizade, 
and K. Steffen, 2003: Investigation of surface melting and dy-
namic thinning on Jakobshavn Isbræ, Greenland. Journal of 
Glaciology, 49, pp. 231–239.

Thomas, R., B. Csatho, C. Davis, C. Kim, W. Krabill, S. Man-
izade, J. McConnell, and J. Sonntag, 2001: Mass balance of 
higher-elevation parts of the Greenland ice sheet. Journal of 
Geophysical Research, 106(D24), pp. 33,707–33,716.

Thomas, R., C. Davis, E. Frederick, W. Krabill, Y. Li, S. Man-
izade, and C. Martin, 2008: A comparison of Greenland ice-
sheet volume changes derived from altimetry measurements. 
Journal of Glaciology, 54(185), pp. 203–212.

Thomas, R., E. Frederick, W. Krabill, S. Manizade, and 
C. Martin, 2006: Progressive increase in ice loss from 
Greenland. Geophysical Research Letters, 33, L10503, 
doi:10.1029/2006GL026075R.

Thomas, R.G., E. Rignot, P. Kanagaratnam, W. Krabill, and G. 
Casassa, 2005: Force-perturbation analysis of Pine Island Gla-
cier, Antarctica, suggests caused for recent acceleration. An-
nals of Glaciology, 39, pp. 133–138.

Thomas, R.H., 2004: Force-perturbation analysis of recent thin-
ning and acceleration of Jakobshavn Isbræ, Greenland. Journal 
of Glaciology, 50(168), pp. 57–66.

Thomas, R.H. and C.R. Bentley, 1978: A model for Holocene re-
treat of the West Antarctic Ice Sheet. Quaternary Research, 10, 
pp. 150–170.

Toggweiler, J.R. and B. Samuels, 1995: Effect of Drake Passage 
on the global thermohaline circulation. Deep-Sea Research, 42, 
pp. 477–500.

Trenberth, K.E., P.D. Jones, P. Ambenje, R. Bojariu, D. Easter-
ling, A.K. Tank, D. Parker, F. Rahimzadeh, J.A. Renwick, M. 
Rusticucci, B. Soden, and P. Zhai, 2007: Observations: Surface 
and atmospheric climate change. In: Climate Change 2007: 
The Physical Science Basis. Contribution of Working Group 
I to the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change [Solomon, S., D. Qin, M. Manning, 
Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and H.L. Miller 
(eds.)]. Cambridge University Press, Cambridge, United King-
dom.

Tulaczyk, S.M., B. Kamb, and H.F. Engelhardt, 2001: Basal me-
chanics of ice stream B, West Antarctica I: Till mechanics. 
Journal of Geophysical Research, 105(B1), pp. 463–481.

van de Berg, W.J., M.R. van den Broeke, C.H. Reijmer, and E. 
van Meijgaard, 2006: Reassessment of the Antarctic surface 
mass balance using calibrated output of a regional atmospheric 
climate model. Journal of Geophysical Research, 111, D11104, 
doi:10.1029/2005JD006495.

van den Broeke, M.R., W.J. van de Berg, and E. van Meijgaard, 
2006: Snowfall in coastal West Antarctica much greater 
than previously assumed. Geophysical Research Letters, 33, 
L02505, doi:10.1029/2005GL025239.

van der Veen, C.J., 1993: Interpretation of short-term ice sheet 
elevation changes inferred from satellite altimetry. Climatic 
Change, 23, pp. 383–405.

Vaughan, D.G., J.L. Bamber, M. Giovinetto, J. Russell, and 
A.P.R. Cooper, 1999: Reassessment of net surface mass bal-
ance in Antarctica. Journal of Climate, 12(4), pp. 933–946.

Vaughan, D.G. and C.S.M. Doake, 1996: Recent atmospheric 
warming and retreat of ice shelves on the Antarctic Peninsula. 
Nature, 379(6563), pp. 328–331.

Vaughan, D.G., G.J. Marshall, W.M. Connolley, C. Parkinson, 
R. Mulvaney, D.A. Hodgson, J.C. King, C.J. Pudsey, and J. 
Turner, 2003: Recent rapid regional climate warming on the 
Antarctic Peninsula. Climatic Change, 60(3), pp. 243–274.



The U.S. Climate Change Science Program References

210

Velicogna, I. and J. Wahr, 2005: Greenland mass balance 
from GRACE. Geophysical Research Letters, 32, L18505, 
doi:10.1029/2005GL023955.

Velicogna, I. and J. Wahr, 2006a: Acceleration of Greenland ice 
mass loss in spring 2004. Nature, 443, pp. 329–331.

Velicogna, I. and J. Wahr, 2006b: Measurements of time-variable 
gravity show mass loss in Antarctica. Science, 311, pp. 1754–1756.

Vieli, A. and A.J. Payne, 2005: Assessing the ability of nu-
merical ice sheet models to simulate grounding line mi-
gration. Journal of Geophysical Research, 110, F01003, 
doi:10.1029/2004JF000202.

Waelbroeck, C., L. Labeyrie, E. Michel, J.C. Duplessy, J.F. Mc-
Manus, K. Lambeck, E. Balbon, and M. Labracherie, 2002: 
Sea-level and deep water temperature changes derived from 
benthic foraminifera isotopic records. Quaternary Science Re-
views, 21, pp. 295–305.

Walker, R. and D.M. Holland, 2007: A two-dimensional coupled 
model for ice shelf-ocean interaction. Ocean Modelling, 17, 
pp. 123–139.

Weaver, A.J., O.A. Saenko, P.U. Clark, and J.X. Mitrovica, 2003: 
Meltwater pulse 1A from Antarctica as a trigger of the Bølling-
Allerød warm period. Science, 299, pp. 1709–1713.

Weertman, J., 1974: Stability of the junction between an ice sheet 
and an ice shelf. Journal of Glaciology, 13, pp. 3–11.

Wingham, D.J., A. Shepherd, A. Muir, and G.J. Marshall, 2006: 
Mass balance of the Antarctic ice sheet. Philosophical Trans-
actions of the Royal Society, A, 364, pp. 1627–1635.

Yokoyama, Y., K. Lambeck, P. De Deckker, P. Johnston, and K. 
Fifield, 2000: Timing of the Last Glacial Maximum from ob-
served sea-level minima. Nature, 406, pp. 713–716.

Zwally, H.J., W. Abdalati, T. Herring, K. Larson, J. Saba, and K. 
Steffen, 2002a: Surface melt-induced acceleration of Green-
land ice-sheet flow. Science, 297(5579), pp. 218–222.

Zwally, H.J., M.B. Giovinetto, J. Li, H.G. Cornejo, M.A. Beckley, 
A.C. Brenner, J.L. Saba, and D. Yi, 2005: Mass changes of 
the Greenland and Antarctic ice sheets and shelves and contri-
butions to sea-level rise: 1992–2002. Journal of Glaciology, 
51(175), pp. 509–527.

Zwally, J., B. Schutz, W. Abdalati, J. Abshire, C. Bentley, A. 
Brenner, J. Bufton, J. Dezio, D. Hancock, D. Harding, T. 
Herring, B. Minster, K. Quinn, S. Palm, J. Spinhirne, and R. 
Thomas, 2002b: ICESat’s laser measurements of polar ice, 
atmosphere, ocean, and land. Journal of Geodynamics, 34, 
pp. 405–445.

CHAPTER 3 REFERENCES
Adams, J.B., M.E. Mann, and C.M. Ammann, 2003: Proxy evi-

dence for an El Niño-like response to volcanic forcing. Nature, 
426, pp. 274–278.

Anderson, C.J., R.W. Arritt, E.S. Takle, Z.T. Pan, W.J. Gutowski, 
F.O. Otieno, R. da Silva, D. Caya, J.H. Christensen, D. Luthi, 
M.A. Gaertner, C. Gallardo, F. Giorgi, S.Y. Hong, C. Jones, 
H.M.H. Juang, J.J. Katzfey, W.M. Lapenta, R. Laprise, J.W. 
Larson, G.E. Liston, J.L. McGregor, R.A. Pielke, J.O. Roads, 
and J.A. Taylor, 2003: Hydrological processes in regional cli-
mate model simulations of the central United States flood of 
June–July 1993. Journal of Hydrometeorology, 4(3), pp. 584–
598.

Anderson, L., M.B. Abbott, B.P. Finney, and S.J. Burns, 2005: 
Regional atmospheric circulation change in the North Pacific 
during the Holocene inferred from lacustrine carbonate oxy-
gen isotopes, Yukon Territory, Canada. Quaternary Research, 
64(1), pp. 21–35.

Asmerom, Y., V. Polyak, S. Burns, and J. Rassmussen, 2007: Solar 
forcing of Holocene climate: New insights from a speleothem 
record, southwestern United States. Geology, 35, pp. 1–4.

Austin, P., A.W. Mackay, O. Palagushkina, and M.J. Leng, 2007: 
A high-resolution diatom-inferred palaeoconductivity and lake 
level record of the Aral Sea for the past 1600 yr. Quaternary 
Research, 67, pp. 383–393.

Backlund, P., A. Janetos, D.S. Schimel, J. Hatfield, M. Ryan, S. 
Archer, and D. Lettenmaier, 2008: Executive Summary. In: 
The effects of climate change on agriculture, land resources, 
water resources, and biodiversity. A Report by the U.S. Cli-
mate Change Science Program and the Subcommittee on Glob-
al Change Research. Washington, DC, USA, 362 pp.

Baker, V.R., R.C. Kochel, and P.C. Patton, 1988: Flood Geomor-
phology. New York, Wiley.

Barber, D.C., A. Dyke, C. Hillaire-Marcel, A.E. Jennings, J.T. 
Andrews, M.W. Kerwin, G. Bilodeau, R. McNeely, J. Southon, 
M.D. Morehead, and J.M. Gagnon, 1999: Forcing of the cold 
event of 8,200 years ago by catastrophic drainage of Lauren-
tide lakes. Nature, 400, pp. 344–348.

Barron, J.A., D. Bukry, and W.E. Dean, 2005: Paleoceanographic 
history of the Guaymas Basin, Gulf of California, during the 
past 15,000 years based on diatoms, silicoflagellates, and bio-
genic sediments. Marine Micropaleontology, 56(3–4), pp. 81–
102.

Bartlein, P.J., K.H. Anderson, P.M. Anderson, M.E. Edwards, C.J. 
Mock, R.S. Thompson, R.S. Webb, T. Webb III, and C. Whit-
lock, 1998: Paleoclimate simulations for North America over 
the past 21,000 years: Features of the simulated climate and 
comparisons with paleoenvironmental data. Quaternary Sci-
ence Reviews, 17(6–7), pp. 549–585.

Bartlein, P.J. and S.W. Hostetler, 2004: Modeling Paleoclimates. 
In: The Quaternary Period in the United States [Gillespie, 
A.R., S.C. Porter, and B.F. Atwater (eds.)]. Elsevier, Amster-
dam.

Bartlein, P.J. and C. Whitlock, 1993: Paleoclimatic interpretation 
of the Elk Lake pollen record. In: Elk Lake, Minnesota: Evi-
dence for Rapid Climate Change in the North-Central United 
States [Bradbury, J.P. and W.E. Dean (eds.)]. Geological Soci-
ety of America, Boulder, CO.

Bell, G.D. and J.E. Janowiak, 1995: Atmospheric circulation asso-
ciated with the Midwest floods of 1993. Bulletin of the Ameri-
can Meteorological Society, 76(5), pp. 681–695.

Bengtsson, L., K.I. Hodges, and E. Roeckner, 2006: Storm tracks 
and climate change. Journal of Climate, 19, pp. 3518–3543.

Benito, G., M. Lang, M. Barriendos, M.C. Llasat, F. Frances, T. 
Ouarda, V.R. Thorndycraft, Y. Enzel, A. Bardossy, D. Coeur, 
and B. Bobee, 2004: Use of systematic, palaeoflood and histor-
ical data for the improvement of flood risk estimation: Review 
of scientific methods. Natural Hazards, 31(3), pp. 623–643.



211

Abrupt Climate Change

Benson, L., M. Kashgarian, R. Rye, S. Lund, F. Paillet, J. Smoot, 
C. Kester, S. Mensing, D. Meko, and S. Lindström, 2002: Ho-
locene multidecadal and multicentennial droughts affecting 
Northern California and Nevada. Quaternary Science Reviews, 
21, pp. 659–682.

Berger, A.L., 1978: Long-term variations of caloric insolation 
resulting from the Earth’s orbital elements. Quaternary Re-
search, 9, pp. 139–167.

Berger, A. and M.F. Loutre, 1991: Insolation values for the cli-
mate of the last 10 million years. Quaternary Science Reviews, 
10, pp. 297–317.

Biasutti, M. and A. Giannini, 2006: Robust Sahel drying in re-
sponse to late 20th century forcings. Geophysical Research 
Letters, 33, doi:10.1029/2006GL026067.

Bonan, G.B. and L.M. Stillwell-Soller, 1998: Soil water and the 
persistence of floods and droughts in the Mississippi River Ba-
sin. Water Resources Research, 34, pp. 2693–2701.

Booth, R.K., M. Notaro, S.T. Jackson, and J.E. Kutzbach, 2006: 
Widespread drought episodes in the western Great Lakes re-
gion during the past 2000 years: Geographic extent and po-
tential mechanisms. Earth and Planetary Science Letters, 242, 
pp. 415–427.

Bosilovich, M.G. and W.Y. Sun, 1999: Numerical simulation of 
the 1993 Midwestern flood: Local and remote sources of water. 
Journal of Geophysical Research—Atmospheres, 104(D16), 
pp. 19,415–19,423.

Braconnot, P., B. Otto-Bliesner, S. Harrison, S. Joussaume, J.-Y. 
Peterchmitt, A. Abe-Ouchi, M. Crucifix, E. Driesschaert, T. 
Fichefet, C.D. Hewitt, M. Kageyama, A. Kitoh, A. Laîné, M.-F. 
Loutre, O. Marti, U. Merkel, G. Ramstein, P. Valdes, S.L. We-
ber, Y. Yu, and Y. Zhao, 2007a: Results of PMIP2 coupled sim-
ulations of the Mid-Holocene and last glacial maximum—Part 
1: Experiments and large-scale features. Climate of the Past, 
3(2), pp. 261–277.

Braconnot, P., B. Otto-Bliesner, S. Harrison, S. Joussaume, J.-
Y. Peterchmitt, A. Abe-Ouchi, M. Crucifix, E. Driesschaert, T. 
Fichefet, C.D. Hewitt, M. Kageyama, A. Kitoh, M.-F. Loutre, 
O. Marti, U. Merkel, G. Ramstein, P. Valdes, L. Weber, Y. Yu, 
and Y. Zhao, 2007b: Results of PMIP2 coupled simulations of 
the Mid-Holocene and last glacial maximum—Part 2: Feed-
backs with emphasis on the location of the ITCZ and mid- and 
high latitudes heat budget. Climate of the Past, 3(2), pp. 279–
296.

Breshears, D.D., N.S. Cobb, P.M. Rich, K.P. Price, C.D. Allen, 
R.G. Balice, W.H. Romme, J.H. Kastens, M.L. Floyd, J. Bel-
nap, J.J. Anderson, O.B. Myers, and C.W. Meyer, 2005: Re-
gional vegetation die-off in response to global-change type 
drought. Proceedings of the National Academy of Sciences, 
102(42), pp. 15,144–15,148.

Cane, M.A., A.C. Clement, A. Kaplan, Y. Kushnir, D. Pozdnya-
kov, R. Seager, S.E. Zebiak, and R. Murtugudde, 1997: Twen-
tieth-century sea surface temperature trends. Science, 275, 
pp. 957–960.

Castro, C.L., T.B. McKee, and R.A. Pielke, Sr., 2001:  The rela-
tionship of the North American monsoon to tropical and North 
Pacific sea surface temperatures as revealed by observational 
analyses.  Journal of Climate, 14, pp. 4449–4473.

Castro, C.L., R.A. Pielke, Sr., and J.O. Adegoke, 2007a: Inves-
tigation of the summer climate of the contiguous U.S. and 
Mexico using the Regional Atmospheric Modeling System 
(RAMS). Part I: Model climatology (1950–2002). Journal of 
Climate, 20, pp. 3866–3887.

Castro, C.L., R.A. Pielke, Sr., J.O. Adegoke, S.D. Schubert, and 
P.J. Pegion, 2007b: Investigation of the summer climate of the 
contiguous U.S. and Mexico using the Regional Atmospheric 
Modeling System (RAMS). Part II: Model climate variability. 
Journal of Climate, 20, pp. 3888–3901.

Chiang, J.C.H. and A.S. Sobel, 2002: Tropical tropospheric tem-
perature variations caused by ENSO and their influence on 
the remote tropical climate. Journal of Climate, 15, pp. 2616–
2631.

Christensen, N. and D.P. Lettenmaier, 2006: A multimodel en-
semble approach to assessment of climate change impacts on 
the hydrology and water resources of the Colorado River basin. 
Hydrology and Earth System Sciences Discussion, 3, pp. 1–44.

Claussen, M., 2001: Earth system models. In: Understanding the 
Earth System [Ehlers, E. and T. Krafft (eds.)]. Springer, Berlin, 
pp. 147–162.

Claussen, M., P. Hoelzmann, H.J. Pachur, C. Kubatzki, V. 
Brovkin, and A. Ganopolski, 1999: Simulation of an abrupt 
change in Saharan vegetation in the mid-Holocene. Geophysi-
cal Research Letters, 26(14), pp. 2037–2040.

Clement, R., R. Seager, and M.A. Cane, 2000: Suppression of El 
Niño during the mid-Holocene due to changes in the Earth’s 
orbit. Paleoceanography, 15, pp. 731–737.

Clement, A.C., R. Seager, M.A. Cane, and S.E. Zebiak, 1996: An 
ocean dynamical thermostat. Journal of Climate, 9, pp. 2190–
2196.

Climate Research Committee, National Research Council, 
1995: Natural Climate Variability on Decade-to-Century Time 
Scales. National Academy Press, Washington, DC, 644 pp.

Cobb, K., C.D. Charles, H. Cheng, and R.L. Edwards, 2003: El 
Niño/southern oscillation and tropical Pacific climate during 
the last millennium. Nature, 424, pp. 271–276.

COHMAP Members, 1988: Climatic changes of the last 18,000 
years: Observations and model simulations. Science, 241, 
pp. 1043–1052.

Cole, J.E. and E.R. Cook, 1998: The changing relationship be-
tween ENSO variability and moisture balance in the conti-
nental United States. Geophysical Research Letters, 25(24), 
pp. 4529–4532.

Cole, J.E., J.T. Overpeck, and E.R. Cook, 2002: Multiyear 
La Niña events and persistent drought in the contigu-
ous United States. Geophysical Research Letters, 29(13), 
doi:10.1029/2001GL013561.

Committee on Radiative Forcing Effects on Climate, 2005: Ra-
diative Forcing of Climate Change. National Academy Press.

Cook, B.I., G.B. Bonan, and S. Levis, 2006: Soil moisture feed-
backs to precipitation in southern Africa. Journal of Climate, 
19, pp. 4198–4206.

Cook, B.I., R.L. Miller, and R. Seager, 2008: Dust and sea 
surface temperature forcing of the 1930s “Dust Bowl” 
drought. Geophysical Research Letters, 35, L08710, 
doi:10.1029/2008GL033486.



The U.S. Climate Change Science Program References

212

Cook, E.R. and G.C. Jacoby, Jr., 1977: Tree-ring drought relation-
ships in the Hudson Valley, New York. Science, 198, pp. 399–
401.

Cook, E.R., M. Kablack, and G.C. Jacoby, 1988: The 1986 drought 
in the southeastern United States: How rare an event was it? 
Journal of Geophysical Research—Atmospheres, 93(D1), 
pp. 14,257–14,260.

Cook, E.R. and P.J. Krusic. 2004a: The North American Drought 
Atlas. Lamont-Doherty Earth Observatory and the National 
Science Foundation.

Cook, E.R. and P.J. Krusic, 2004b: North American summer PDSI 
reconstructions. IGBP PAGES/World Data Center for Paleo-
climatology Data Contribution Series No. 2004-045. NOAA/
NGDC Paleoclimatology Program, Boulder, CO, 24 pp.

Cook, E.R., D.M. Meko, D.W. Stahle, and M.K. Cleaveland, 
1999: Drought reconstructions for the continental United 
States. Journal of Climate, 12, pp. 1145–1162.

Cook, E.R., R. Seager, M.A. Cane, and D.W. Stahle, 2007: North 
American drought: Reconstructions, causes and consequences. 
Earth Science Reviews, 81, pp. 93–134.

Cook, E.R., C.A. Woodhouse, C.M. Eakin, D.M. Meko, and D.W. 
Stahle, 2004: Long-term aridity changes in the western United 
States. Science, 306, pp. 1015–1018.

Crucifix, M., P. Braconnot, S. Harrison, and B. Otto-Bliesner, 
2005: Second phase of Paleoclimate Modelling Intercompari-
son Project. Eos, Transactions of the American Geophysical 
Union, 86(28), doi:10.1029/2005EO280003.

Dean, W.E., R.M. Forester, and J.P. Bradbury, 2002: Early Holo-
cene change in atmospheric circulation in the Northern Great 
Plains: An upstream view of the 8.2 ka cold event. Quaternary 
Science Reviews, 21(16–17), pp. 1763–1775.

Déry, S.J. and R.D. Brown, 2007: Recent Northern Hemisphere 
snow cover extent trends and implications for the snow-
albedo feedback. Geophysical Research Letters, 34(22), 
doi:1029/2007GL031474.

deMenocal, P., J. Ortiz, T. Guilderson, J. Adkins, M. Sarnthein, L. 
Baker, and M. Yarusinsky, 2000: Abrupt onset and termination 
of the African Humid Period: Rapid climate responses to grad-
ual insolation forcing. Quaternary Science Reviews, 19(1–5), 
pp. 347–361.

Diffenbaugh, N.S., M. Ashfaq, B. Shuman, J.W. Williams, and 
P.J. Bartlein, 2006: Summer aridity in the United States: Re-
sponse to mid-Holocene changes in insolation and sea sur-
face temperature. Geophysical Research Letters, 33, L22712, 
doi:10.1029/2006GL028012.

Diffenbaugh, N.S. and L.C. Sloan, 2002: Global climate sen-
sitivity to land surface change: The Mid Holocene re-
visited. Geophysical Research Letters, 29(10), 1476, 
doi:10.1029/2002GL014880.

Douglass, A.E., 1929: The secret of the southwest solved with 
talkative tree rings. National Geographic Magazine, Decem-
ber, pp. 736–770.

Douglass, A.E., 1935: Dating Pueblo Bonito and other ruins of the 
southwest. National Geographic Society Contributed Technical 
Papers. Pueblo Bonito Series 1, pp. 1–74.

Dyer, J.L. and T.L. Mote, 2006: Spatial variability and trends in 
observed show depth over North America. Geophysical Re-
search Letters, 33, doi:10.1029/2006GRL027258.

Dyke, A.S., 2004: An outline of North American deglaciation 
with emphasis on central and northern Canada. In: Quaternary 
Glaciations—Extent and Chronology, Part II: North America 
[Ehlers, J. and P.L. Gibbard (eds.)]. Elsevier, Amsterdam, 
pp. 373–424.

Easterling, D.R., J.L. Evans, P.Y. Groisman, T.R. Karl, K.E. Kun-
kel, and P. Ambenje, 2000: Observed variability and trends in 
extreme climate events: A brief review. Bulletin of the Ameri-
can Meteorological Society, 81(3), pp. 417–425.

Egan, T., 2006: The Worst Hard Time. Houghton Mifflin, 340 pp.
Ely, L., 1997: Response of extreme floods in the southwestern 

United States to climatic variations in the late Holocene. Geo-
morphology, 19, pp. 175–201.

Ely, L.L., Y. Enzel, V.R. Baker, and D.R. Cayan, 1993: A 5000-year 
record of extreme floods and climate change in the southwest-
ern United States. Science, 262, pp. 410–412.

Emile-Geay, J., M.A. Cane, R. Seager, A. Kaplan, and P. Almasi, 
2007: ENSO as a mediator for the solar influence on climate. 
Paleoceanography, 22, doi:10.1029/2006PA001304.

Enfield, D.B., A.M. Mestas-Nunez, and P.J. Trimble, 2001: The 
Atlantic multidecadal oscillation and its relation to rainfall and 
river flows in the continental U.S. Geophysical Research Let-
ters, 28(10), pp. 2077–2080.

Enzel, Y., L.L. Ely, P.K. House, V.R. Baker, and R.H. Webb, 1993: 
Paleoflood evidence for a natural upper bound to flood magni-
tudes in the Colorado River Basin. Water Resources Research, 
29(7), pp. 2287–2297.

Esper, J., E.R. Cook, and F. Schweingruber, 2002: Low-frequency 
signals in long tree-ring chronologies for reconstructing past 
temperature variability. Science, 295, pp. 2250–2253.

Field, C.B., L.D. Mortsch, M. Brklacich, D.L. Forbes, P. Kovacs, 
J.A. Patz, S.W. Running, and M.J. Scott, 2007: North America. 
In: Climate Change 2007: Impacts, Adaptation and Vulner-
ability. Contribution of Working Group II to the Fourth As-
sessment Report of the Intergovernmental Panel on Climate 
Change [Parry, M.L., O.F. Canziani, J.P. Palutikof, P.J. van der 
Linden, and C.E. Hanson (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom, pp. 617–652.

Foley, J.A., M.T. Coe, M. Scheffer, and G.L. Wang, 2003: Regime 
shifts in the Sahara and Sahel: Interactions between ecologi-
cal and climatic systems in northern Africa. Ecosystems, 6(6), 
pp. 524–539.

Forman, S.L., R. Oglesby, and R.S. Webb, 2001: Temporal and 
spatial patterns of Holocene dune activity on the Great Plains 
of North America: Megadroughts and climate links. Global 
and Planetary Change, 29(1–2), pp. 1–29.

Forster, P., V. Ramaswamy, P. Artaxo, T. Berntsen, R. Betts, D.W. 
Fahey, J. Haywood, J. Lean, D.C. Lowe, G. Myhre, J. Ngan-
ga, R. Prinn, G. Raga, M. Schulz, and R. Van Dorland, 2007: 
Changes in atmospheric constituents and in radiative forcing. 
In: Climate Change 2007: The Physical Science Basis. Contri-
bution of Working Group I to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change [Solomon, S., 
D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. 
Tignor, and H.L. Miller (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom, and New York, NY, USA.



213

Abrupt Climate Change

Fowler, H.J. and C.G. Kilsby, 2007: Using regional climate model 
data to simulate historical and future river flows in northwest 
England. Climatic Change, 80, pp. 337–367.

Fritts, H.C., 1976: Tree Rings and Climate. Academic Press, Lon-
don, 567 pp.

Fulp, T., 2005: How low can it go? Southwest Hydrology, March/
April, 4(2), pp. 16–17, 28.

Fye, F.K., D.W. Stahle, and E.R. Cook, 2003: Paleoclimatic ana-
logs to 20th century moisture regimes across the USA. Bulletin 
of the American Meteorological Society, 84(7), pp. 901–909.

Fye, F.K., D.W. Stahle, and E.R. Cook, 2004: Twentieth century 
sea surface temperature patterns in the Pacific during decadal 
moisture regimes over the USA. Earth Interactions, 8(22), 
pp. 1–22.

Fye, F.K., D.W. Stahle, E.R. Cook, and M.K. Cleaveland, 2006: 
NAO influence on sub-decadal moisture variability over cen-
tral North America. Geophysical Research Letters, 33, L15707, 
doi:10.1029/2006GL026656.

Gajewski, K., A. Viau, M. Sawada, D. Atkinson, and S. Wilson, 
2001: Sphagnum peatland distribution in North America and 
Eurasia during the past 21,000 years. Global Biogeochemical 
Cycles, 15(2), pp. 297–310.

Gallimore, R., R. Jacob, and J. Kutzbach, 2005: Coupled atmo-
sphere-ocean-vegetation simulations for modern and mid-Ho-
locene climates: Role of extratropical vegetation cover feed-
backs. Climate Dynamics, 25(7–8), pp. 755–776.

Garcin, Y., A. Vincens, D. Williamson, G. Buchet, and J. Gui-
ot, 2007: Abrupt resumption of the African Monsoon at the 
Younger Dryas-Holocene climatic transition. Quaternary Sci-
ence Reviews, 26(5–6), pp. 690–704.

Gerten, D. and R. Adrian, 2000: Climate-driven changes in spring 
plankton dynamics and the sensitivity of shallow polymictic 
lakes to the North Atlantic oscillation. Limnology and Ocean-
ography, 45, pp. 1058–1066.

Giannini, A., R. Saravanan, and P. Chang, 2003: Oceanic forc-
ing of Sahel rainfall on internannual to interdecadal timescales. 
Science, 302, pp. 1027–1030.

Giorgi, F., L.O. Mearns, C. Shields, and L. Mayer, 1996: A re-
gional model study of the importance of local versus remote 
controls of the 1988 drought and the 1993 flood over the cen-
tral United States. Journal of Climate, 9(5), pp. 1150–1162.

Gleick, P.H. and L. Nash, 1991: The Societal and Environmental 
Costs of the Continuing California Drought. Pacific Institute 
for Studies in Development, Environment, and Security, Oak-
land, CA.

Goddard, L. and N.E. Graham, 1999: Importance of the In-
dian Ocean for simulating rainfall anomalies over eastern 
and southern Africa. Journal of Geophysical Research, 104, 
pp. 19,099–19,116.

Graham, N.E., M.K. Hughes, C.M. Ammann, K.M. Cobb, M.P. 
Hoerling, D.J. Kennett, J.P. Kennett, B. Rein, L. Stott, P.E. 
Wigand, and T. Xu, 2007: Tropical Pacific-mid latitude telecon-
nections in medieval times. Climatic Change, 83, pp. 241–285.

Griles, J.S., 2004: Building on Success, Facing the Challenges 
Ahead. Paper presented at Colorado River Water Users Asso-
ciation, Las Vegas, NV, December 2004. 

Groisman, P.Y., R.W. Knight, D.R. Easterling, T.R. Karl, G.C. He-
gerl, and V.N. Razuvaev, 2005: Trends in intense precipitation 
in the climate record. Journal of Climate, 18, pp. 1326–1350.

Groisman, P.Y., R.W. Knight, T.R. Karl, D.R. Easterling, B. Sun, 
and J.H. Lawrimore, 2004: Contemporary changes of the hy-
drological cycle over the contiguous United States: Trends de-
rived from in situ observations. Journal of Hydrometeorology, 
5, pp. 64–85.

Grootes, P.M., M. Stuiver, J.W.C. White, S. Johnsen, and J. Jouzel, 
1993: Comparison of oxygen isotope records from the GISP2 
and GRIP Greenland ice cores. Nature, 366, pp. 552–554.

Gutowski, W.J., G.C. Hegerl, G.J. Holland, T.R. Knutson, L.O. 
Mearns, R.J. Stouffer, P.J. Webster, M.F. Wehner, F.W. Zwiers, 
2008: Causes of Observed Changes in Extremes and Projec-
tions of Future Changes in Weather and Climate Extremes in a 
Changing Climate. Regions of Focus: North America, Hawaii, 
Caribbean, and U.S. Pacific Islands. T.R. Karl, G.A. Meehl, 
C.D. Miller, S.J. Hassol, A.M. Waple, and W.L. Murray (eds.). 
A Report by the U.S. Climate Change Science Program and the 
Subcommittee on Global Change Research, Washington, DC.

Hales, K., J.D. Neelin, and N. Zeng, 2006: Interaction of vegeta-
tion and atmospheric dynamical mechanisms in the mid-holo-
cene African monsoon. Journal of Climate, 19(16), pp. 4105–
4120.

Hall, R.I., P.R. Leavitt, R. Quinlan, A.S. Dixit, and J.P. Smol, 
1999: Effects of agriculture, urbanization, and climate on water 
quality in the northern Great Plains. Limnology and Oceanog-
raphy, 44, pp. 739-756.

Hamlet, A.F., P.W. Mote, M.P. Clark, and D.P. Lettenmaier, 2007: 
Twentieth-century trends in runoff, evapotranspiration, and 
soil moisture in the western United States: Journal of Climate, 
20, pp. 1468–1486.

Hansen, Z.K. and G.D. Libecap, 2004: Small farms, externalities 
and the Dust Bowl of the 1930s. Journal of Political Economy, 
112, pp. 665–694.

Harrison, S.P., J.E. Kutzbach, Z. Liu, P.J. Bartlein, B. Otto-
Bliesner, D. Muhs, I.C. Prentice, and R.S. Thompson, 2003: 
Mid-Holocene climates of the Americas: A dynamical re-
sponse to changed seasonality. Climate Dynamics, 20(7–8), 
pp. 663–688.

Haug, G.H., K.A. Hughen, D.M. Sigman, L.C. Peterson, and U. 
Rohl, 2001: Southward migration of the Intertropical Conver-
gence Zone through the Holocene. Science, 293, pp.  1304–
1308.

Hausmann, S., A.F. Lotter, J.F.N. van Leeuwen, Ch. Ohlendorf, 
G. Lemcke, E. Grönlund, and M. Sturm, 2002: Interactions of 
climate and land use documented in the varved sediments of 
Seebergsee in the Swiss Alps. The Holocene, 12(3), pp. 279–
289.

Hegerl, G.C., T.J. Crowley, M. Allen, W.T. Hyde, H.N. Pollack, 
J. Smerdon, and E. Zorita, 2007: Detection of human influence 
on a new, validated 1500-year temperature reconstruction. 
Journal of Climate, 20(4), pp. 650–666.

Hegerl, G.C., T.J. Crowley, S.K. Baum, K. Kim, and W.T. 
Hyde, 2003: Detection of volcanic, solar and greenhouse gas 
signals in paleo-reconstructions of Northern Hemispheric 
temperature. Geophysical Research Letters, 30(5), 1242, 
doi:10.1029/2002GL016635.



The U.S. Climate Change Science Program References

214

Heim, R.R., Jr., 2002: A review of twentieth-century drought indi-
ces used in the United States. Bulletin of the American Meteo-
rological Society, 83(8), pp. 1149–1165.

Held, I.M., T.L. Delworth, J. Lu, K.L. Findell, and T.R. Knutson, 
2005: Simulation of Sahel drought in the 20th and 21st centu-
ries. Proceedings of the National Academies of Science, 102, 
pp. 17,891–17,896.

Held, I.M. and B.J. Soden, 2006: Robust responses of the hy-
drological cycle to global warming. Journal of Climate, 19, 
pp. 5686–5699.

Hendrix, C.S. and S.M. Glaser, 2007: Trends and triggers: Cli-
mate, climate change and civil conflict in sub-Saharan Africa. 
Political Geography, 26, pp. 695–715.

Herweijer, C., R. Seager, and E.R. Cook, 2006: North American 
droughts of the mid-to-late nineteenth century: A history, simu-
lation and implication for medieval drought. The Holocene, 
16(2), pp. 159–171.

Herweijer, C., R. Seager, E.R. Cook, and J. Emile-Geay, 2007: 
North American droughts of the last millennium from a 
gridded network of tree-ring data. Journal of Climate, 20, 
pp. 1353–1376.

Higgins, R.W., Y. Yao, and X.L. Wang, 1997: Influence of the 
North American monsoon system on the U.S. summer precipi-
tation regime. Journal of Climate, 10, pp. 2600–2622.

Hirschboeck, K.K., 1989: Climate and floods. In: Hydrology of 
Floods and Droughts: Hydrologic Perspectives on Water Is-
sues. U.S. Geological Survey National Water Summary 1988–
89—Floods and Droughts, pp. 67–88.

Hirschboeck, K.K., 2003: Floods, paleofloods, and drought: In-
sights from the Upper Tails. CLIVAR/PAGES/IPCC Drought 
Workshop, November 18–21, Tucson, AZ, 6 pp.

Hoerling, M. and J. Eischeid, 2007: Past peak water in the South-
west. Southwest Hydrology, 6, 5 pp.

Hoerling, M., G. Hegerl, D. Karoly, A. Kumar, and D. Rind, 2008:  
Attribution of the Causes of Climate Variations and Trends 
over North America during the Modern Reanalysis Period in 
Reanalysis of Historical Climate Data for Key Atmospheric 
Features: Implications for Attribution of Causes of Observed 
Change. A Report by the U.S. Climate Change Science Pro-
gram and the Subcommittee on Global Change Research [Ran-
dall Dole, Martin Hoerling, and Siegfried Schubert (eds.)].
National Oceanic and Atmospheric Administration, National 
Climatic Data Center, Asheville, NC, pp. 47–92.

Hoerling, M., J. Hurrell, J. Eischeid, and A. Phillips, 2006: Detec-
tion and attribution of twentieth century northern and southern 
African rainfall change. Journal of Climate, 19, pp.  3989–
4008.

Hoerling, M. and A. Kumar, 2003: A perfect ocean for drought. 
Science, 299, pp. 691–694.

Hong, S.Y. and Z.T. Pan, 2000: Impact of soil moisture anomalies 
on seasonal, summertime circulation over North America in a 
regional climate model. Journal of Geophysical Research, 105, 
pp. 29,625–29,634.

House, P.K., R.H. Webb, V.R. Baker, and D.R. Levish, 2002: An-
cient floods, modern hazards: Principles and applications of 
paleoflood hydrology. In: Water Science and Application 5. 
American Geophysical Union, Washington, DC.

Hoyt, J.C., 1936: Droughts of 1930–34. U.S. Geological Survey 
Water-Supply Paper 680, 106 pp.

Huang, H.-P., R. Seager, and Y. Kushnir, 2005: The 1976/77 
transition in precipitation over the Americas and the influence 
of tropical sea surface temperatures. Climate Dynamics, 24, 
pp. 721–740.

Hurrell, J.W., 1995: Decadal trends in the North Atlantic oscil-
lation: Regional temperatures and precipitation. Science, 269, 
pp. 676–679.

IPCC, 2007: Climate Change 2007. The Physical Science Basis. 
Contribution of Working Group I to the Fourth Assessment 
Report of the Intergovernmental Panel on Climate Change 
[Solomon, S., D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. 
Averyt, M. Tignor, and H.L. Miller (eds.)]. Cambridge Univer-
sity Press, Cambridge, United Kingdom, and New York, NY, 
USA, 996 pp.

Isenberg, A.C., 2000: The Destruction of the Bison: An Environ-
mental History 1750–1920. Cambridge University Press, Cam-
bridge, United Kingdom, 206 pp.

Jansen, E., J. Overpeck, K.R. Briffa, J.-C. Duplessy, F. Joos, V. 
Masson-Delmotte, D. Olago, B. Otto-Bliesner, W.R. Peltier, S. 
Rahmstorf, R. Ramesh, D. Raynaud, D. Rind, O. Solomina, 
R. Villalba, and D. Zhang, 2007: Palaeoclimate. In: Climate 
Change 2007. The Physical Science Basis. Contribution of 
Working Group I to the Fourth Assessment Report of the Inter-
governmental Panel on Climate Change [Solomon, S., D. Qin, 
M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, 
and H.L. Miller (eds.)]. Cambridge University Press. Cam-
bridge, United Kingdom, pp. 433–497.

Jolly, D., S.P. Harrison, B. Damnati, and R. Bonnefille, 1998: 
Simulated climate and biomes of Africa during the late Quater-
nary: Comparison with pollen and lake status data. Quaternary 
Science Reviews, 17(6–7), pp. 629–657.

Jones, P.D. and M.E. Mann, 2004: Climate over past 
millennia. Reviews of Geophysics, 42, RG2002, 
doi:10.1029/2003RG000143.

Jones, R.N., L. Zhang, F.H.S. Chiew, and W.C. Boughton, 2006: 
Estimating the sensitivity of mean annual runoff to climate 
change using selected hydrological models. Advances in Water 
Resources, 29(10), pp. 1419–1429.

Joos, F. and R. Spahni, 2008: Rates of change in natural and an-
thropogenic radiative forcing over the past 20,000 years: Pro-
ceedings of the National Academy of Sciences of the United 
States of America, 105, pp. 1425–1430.

Joussaume, S., K.E. Taylor, P. Braconnot, J.F.B. Mitchell, J.E. 
Kutzbach, S.P. Harrison, I.C. Prentice, A.J. Broccoli, A. Abe-
Ouchi, P.J. Bartlein, C. Bonfils, B. Dong, J. Guiot, K. Hert-
erich, C.D. Hewitt, D. Jolly, J.W. Kim, A. Kislov, A. Kitoh, 
M.F. Loutre, V. Masson, B. McAvaney, N. McFarlane, N. de 
Noblet, W.R. Peltier, J.Y. Peterschmitt, D. Pollard, D. Rind, 
J.F. Royer, M.E. Schlesinger, J. Syktus, S. Thompson, P. Val-
des, G. Vettoretti, R.S. Webb, and U. Wyputta, 1999: Monsoon 
changes for 6000 years ago: Results of 18 simulations from the 
Paleoclimate Modeling Intercomparison Project (PMIP). Geo-
physical Research Letters, 26(7), pp. 859–862.



215

Abrupt Climate Change

Kalnay, E., M. Kanamitsu, R. Kistler, W. Collins, D. Deaven, L. 
Gandin, M. Iredell, S. Saha, G. White, J. Woollen, Y. Zhu, A. 
Leetmaa, B. Reynolds, M. Chelliah, W. Ebisuzaki, W. Hig-
gins, J. Janowiak, K. Mo, C. Ropelewski, J. Wang, R. Jenne, 
and D. Joseph, 1996: The NCEP/NCAR 40-Year Reanalysis 
Project. Bulletin of the American Meteorological Society, 77, 
pp. 437–471.

Kaplan, A., M.A. Cane, Y. Kushnir, A.C. Clement, M.B. Blumen-
thal, and B. Rajagopalan, 1998: Analyses of global sea surface 
temperature 1856–1991. Journal of Geophysical Research, 
103(C9), pp. 18,567–18,589.

Kaplan, J.O., N.H. Bigelow, I.C. Prentice, S.P. Harrison, P.J. 
Bartlein, T.R. Christensen, W. Cramer, N.V. Matveyeva, A.D. 
McGuire, D.F. Murray, V.Y. Razzhivin, B. Smith, D.A. Walker, 
P.M. Anderson, A.A. Andreev, L.B. Brubaker, M.E. Edwards, 
and A.V. Lozhkin, 2003: Climate change and Arctic ecosys-
tems: 2. Modeling, paleodata-model comparisons, and future 
projections. Journal of Geophysical Research, 108(D19), 
8171, doi:10.1029/2002JD002559.

Karl, T.R. and P.J. Young, 1987: The 1986 Southeast drought in 
historical perspective. Bulletin of the American Meteorological 
Society, 68(7), pp. 773–778.

Karoly, D.J., A. Risbey, A. Reynolds, and K. Braganza, 2003: 
Global warming contributes to Australia’s worst drought. Aus-
tralasian Science, April, pp. 14–17.

Karspeck, A.R., R. Seager, and M.A. Cane, 2004: Predictability 
of tropical Pacific decadal variability in an intermediate model. 
Journal of Climate, 17, pp. 1167–1180.

King, A.W., L. Dilling, G.P. Zimmerman, D.M. Fairman, R.A. 
Houghton, G. Marland, A.Z. Rose, and T.J. Wilbanks, 2007: 
What Is the Carbon Cycle and Why Care? In: The First State 
of the Carbon Cycle Report (SOCCR): The North American 
Carbon Budget and Implications for the Global Carbon Cycle. 
A Report by the U.S. Climate Change Science Program and 
the Subcommittee on Global Change Research [King, A.W., L. 
Dilling, G.P. Zimmerman, D.M. Fairman, R.A. Houghton, G. 
Marland, A.Z. Rose, and T.J. Wilbanks (eds.)]. National Oce-
anic and Atmospheric Administration, National Climatic Data 
Center, Asheville, NC, USA, pp. 15–20.

Knight, D.B., R.E. Davis, S.C. Sheridan, D.M. Hondula, L.J. 
Sitka, M. Deaton, T.R. Lee, S.D. Gawtry, P.J. Stenger, F. 
Mazzei, and B.P. Kenny, 2008: Increasing frequencies of 
warm and humid air masses over the conterminous United 
States from 1948 to 2005. Geophysical Research Letters, 35, 
doi:10.1029/2008GL033697.

Knight, J.R., R.J. Allan, C.K. Folland, M. Vellinga, and M.E. 
Mann, 2005: A signature of persistent natural thermohaline 
circulation cycles in observed climate. Geophysical Research 
Letters, 32, doi:10.1029/2005GL024233.

Knox, J.C., 1972: Valley alluviation in southwestern Wisconsin. 
Annals of the Association of American Geographers, 62(3), 
pp. 401–410.

Knox, J.C., 1985: Responses of floods to Holocene climatic-
change in the Upper Mississippi Valley. Quaternary Research, 
23(3), pp. 287–300.

Knox, J.C., 1993: Large increases in flood magnitude in response 
to modest changes in climate. Nature, 361, pp. 430–432.

Knox, J.C., 2000: Sensitivity of modern and Holocene floods to cli-
mate change. Quaternary Science Reviews, 19, pp. 439–457.

Kochel, R.C. and V.R. Baker, 1982: Paleoflood hydrology. Science, 
215(4531), pp. 353–361, doi: 10.1126/science.215.4531.353.

Kohfeld, K.E. and S.P. Harrison, 2000: How well can we simulate 
past climates? Evaluating the models using global palaeoen-
vironmental datasets. Quaternary Science Reviews, 19(1–5), 
pp. 321–346.

Koster, R., P.A. Dirmeyer, Z. Guo, G. Bonan, E. Chan, P. Cox, 
C.T. Gordon, S. Kanae, E. Kowalczyk, D. Lawrence, P. Liu, 
C.-H. Lu, S. Malyshev, B. McAvaney, K. Mitchell, D. Mocko, 
T. Oki, K. Oleson, A. Pitman, Y.C. Sud, C.M. Taylor, D. 
Verseghy, R. Vasic, Y. Xue, and T. Yamada, 2004: Regions of 
strong coupling between soil moisture and precipitation. Sci-
ence, 305(5687), pp. 1138–1140.

Kröpelin, S., D. Verschuren, A.M. Lezine, H. Eggermont, C. Coc-
quyt, P. Francus, J.P. Cazet, M. Fagot, B. Rumes, J.M. Russell, 
F. Darius, D.J. Conley, M. Schuster, H. von Suchodoletz, and 
D.R. Engstrom, 2008: Climate-driven ecosystem succession in 
the Sahara: The past 6000 years. Science, 320, pp. 765–768.

Kundzewicz, Z.W., L.J. Mata, N.W. Arnell, P. Döll, P. Kabat, B. 
Jiménez, K.A. Miller, T. Oki, Z. Sen, and I.A. Shiklomanov, 
2007: Freshwater resources and their management. In: Climate 
Change 2007. Impacts, Adaptation and Vulnerability. Contri-
bution of Working Group II to the Fourth Assessment Report 
of the Intergovernmental Panel on Climate Change [Parry, 
M.L., O.F. Canziani, J.P. Palutikof, P.J. van der Linden, and 
C.E. Hanson (eds.)]. Cambridge University Press, Cambridge, 
United Kingdom, pp. 173–210.

Kunkel, K.E., P.D. Bromirski, H.E. Brooks, T. Cavazos, A.V. 
Douglas, D.R. Easterling, K.A. Emanuel, P.Ya. Groisman, 
G.J. Holland, T.R. Knutson, J.P. Kossin, P.D. Komar, D.H. 
Levinson, R.L. Smith, 2008: Observed Changes in Weather 
and Climate Extremes in Weather and Climate Extremes in a 
Changing Climate. Regions of Focus: North America, Hawaii, 
Caribbean, and U.S. Pacific Islands. T.R. Karl, G.A. Meehl, 
C.D. Miller, S.J. Hassol, A.M. Waple, and W.L. Murray (eds.). 
A Report by the U.S. Climate Change Science Program and the 
Subcommittee on Global Change Research, Washington, DC.

Kunkel, K.E., 2003: North American trends in extreme precipita-
tion. Natural Hazards, 29(2), pp. 291–305.

Kunkel, K.E., S.A. Changnon, and J.R. Angel, 1994: Climatic as-
pects of the 1993 Upper Mississippi River Basin flood. Bulletin 
of the American Meteorological Society, 75(5), pp. 811–822.

Kunkel, K.E., D.R. Easterling, K. Redmond, and K. Hubbard, 
2003: Temporal variations of extreme precipitation events in 
the United States: 1895–2000. Geophysical Research Letters, 
30(17), doi:10.1029/2003GL018052.

Kushnir, Y., 1994: Interdecadal variations in North Atlantic sea 
surface temperature and associated atmospheric conditions. 
Journal of Climate, 7, pp. 141–157.

Kutzbach, J.E. and Z. Liu, 1997: Response of the African mon-
soon to orbital forcing and ocean feedbacks in the middle Ho-
locene. Science, 278, pp. 440–443.

Kutzbach, J.E. and B.L. Otto-Bliesner, 1982: The sensitivity of the 
African-Asian monsoonal climate to orbital parameter changes 
for 9000 yr B.P. in a low-resolution general circulation model. 
Journal of the Atmospheric Sciences, 39(6), pp. 1177–1188.



The U.S. Climate Change Science Program References

216

Kutzbach, J.E. and W.F. Ruddiman, 1993: Model description, 
external forcing, and surface boundary conditions. In: Global 
Climates since the Last Glacial Maximum [Wright, H.E., Jr., 
J.E. Kutzbach, T. Webb III, W.F. Ruddiman, F.A. Street-Per-
rott, and P.J. Bartlein (eds.)]. University of Minnesota Press, 
Minneapolis, MN.

Kutzbach, J.E. and F.A. Street-Perrott, 1985: Milankovitch forc-
ing of flucuations in the level of tropical lakes from 18 to 0 kyr 
BP. Nature, 317, pp. 130–134.

Laird, K.R., S.C. Fritz, K.A. Maasch, and B.F. Cumming II, 1996: 
Greater drought intensity and frequency before A.D. 1200 in 
the Northern Great Plains, USA. Nature, 384, pp. 552–554.

LaMarche, V.C., Jr., 1974: Paleoclimatic inferences from long 
tree-ring records. Science, 183, pp. 1043–1048.

Lamb, H.H., 1965, The early medieval warm epoch and its se-
quel. Palaeogeography, Palaeoclimatology, Palaeoecology, 1, 
pp. 13–37.

Lau, N.C., A. Leetmaa, and M.J. Nath, 2006: Attribution of atmo-
spheric variations in the 1997–2003 period to SST anomalies 
in the Pacific and Indian Ocean basins. Journal of Climate, 19, 
pp. 3607–3628.

Lebo, M.E., J.H. Reuter, C.R. Goldman, and C.L. Rhodes, 1994: 
Interannual variability of nitrogen limitation in a desert lake: 
Influence of regional climate. Canadian Journal of Fisheries 
and Aquatic Sciences, 51, pp. 862–872.

Lettenmaier, D., D. Major, L. Poff, and S. Running, 2008: Water 
Resources. In: The effects of climate change on agriculture, 
land resources, water resources, and biodiversity. A Report by 
the U.S. Climate Change Science Program and the subcommit-
tee on Global Change Research. Washington, DC, 362 pp.

Levis, S., G.B. Bonan, and C. Bonfils, 2004: Soil feedback drives 
the mid-Holocene North African monsoon northward in fully 
coupled CCSM2 simulations with a dynamic vegetation mod-
el. Climate Dynamics, 23(7–8), pp. 791–802.

Li, W., R. Fu, and R.E. Dickinson, 2006: Rainfall and its season-
ality over the Amazon in the 21st century as assessed by the 
coupled models for the IPCC AR4. Journal of Geophysical Re-
search, 111, D02111, doi:10.1029/2005JD006355.

Libecap, G.D. and Z.K. Hansen, 2002: “Rain follows the plough” 
and dryfarming doctrine: The climate information problem and 
homestead failure in the upper Great Plains 1890–1925. Jour-
nal of Economic History, 62, pp. 86–120.

Liu, A.Z., M. Ting, and H. Wang, 1998: Maintenance of circula-
tion anomalies during the 1988 drought and 1993 floods over 
the United States. Journal of the Atmospheric Sciences, 55(17), 
pp. 2810–2832.

Liu, Z. and M. Alexander, 2007: Atmospheric bridge, oceanic tun-
nel, and global climatic teleconnections. Reviews of Geophys-
ics, 45, RG2005, doi:10.1029/2005RG000172.

Liu, Z., E. Brady, and J. Lynch-Steiglitz, 2003: Global ocean re-
sponse to orbital forcing in the Holocene. Paleoceanography, 
18(2), 1054, doi:10.1029/2002PA000826.

Liu, Z., S.P. Harrison, J. Kutzbach, and B. Otto-Bliesner, 2004: 
Global monsoons in the mid-Holocene and oceanic feedback. 
Climate Dynamics, 22(2–3), pp. 157–182.

Liu, Z., Y. Wang, R. Gallimore, F. Gasse, T. Johnson, P. deMeno-
cal, J. Adkins, M. Notaro, I.C. Prentice, J. Kutzbach, R. Jacob, 
P. Behling, L. Wang, and E. Ong, 2007: Simulating the transient 
evolution and abrupt change of Northern Africa atmosphere-
ocean-terrestrial ecosystem in the Holocene. Quaternary Sci-
ence Reviews, 26(13–14), pp. 1818–1837.

Liu, Z., Y. Wang, R. Gallimore, M. Notaro, and I.C. Prentice, 
2006: On the cause of abrupt vegetation collapse in North 
Africa during the Holocene: Climate variability vs. veg-
etation feedback. Geophysical Research Letters, 33, L22709, 
doi:10.1029/2006GL028062.

Lobell, D.B., M.B. Burke, C. Tebaldi, M.D. Mastrandrea, W.P. 
Falcon, and R.L. Naylor, 2008: Prioritizing climate change 
adaptation needs for food security in 2030. Science, 319, 
pp. 607–610.

Lu, J., G. Vecchi, and T. Reichler, 2007: Expansion of the Hadley 
Cell under global warming. Geophysical Research Letters, 34, 
doi:10.1029/2006GL028443.

MacDonald, G.M., D.W. Beilman, K.V. Kremenetski, Y.W. Sheng, 
L.C. Smith, and A.A. Velichko, 2006: Rapid early development 
of circumarctic peatlands and atmospheric CH4 and CO2 varia-
tions. Science, 314(5797), pp. 285–288.

Maguire, R., 2005: The effects of drought in lower basin river 
operations. Southwest Hydrology, March/April, pp. 22–23, 38.

Mann, M.E., M.A. Cane, S.E. Zebiak, and A. Clement, 2005: 
Volcanic and solar forcing of the tropical Pacific over the past 
1000 years. Journal of Climate, 18, pp. 447–456.

Mann, M.E. and K.A. Emanuel, 2005: Hurricane trends linked 
to climate change. Eos, Transactions, American Geophysical 
Union, 87(24), pp. 233, 238, 244.

Manuel, J., 2008: Drought in the Southeast: Lessons for wa-
ter management. Environmental Health Perspective, 116,
pp. A68–A171.

Maurer, E.P., 2007: Uncertainty in hydrologic impacts of climate 
change in the Sierra Nevada, California, under two emissions 
scenarios. Climatic Change, 82, pp. 309–325.

Mayewski, P.A., W. Karlén, K.A. Maasch, L.D. Meeker, E.A. 
Meyerson, F. Gasse, S. van Kreveld, K. Holmgren, J. Lee-
Thorp, G. Rosqvist, F. Rack, M. Staubwasser, R.R. Schneider, 
E.J. Steig, E.E. Rohling, and J.C. Stager, 2004: Holocene cli-
mate variability. Quaternary Research, 62(3), pp. 243–255.

McCabe, G.J., M.A. Palecki, and J.L. Betancourt, 2004: Pacific 
and Atlantic Ocean influences on multidecadal drought fre-
quency in the United States. Proceedings of the National Acad-
emies of Science, 101(12), pp. 4136–4141.

Meehl, G.A., T.F. Stocker, W.D. Collins, P. Friedlingstein, A.T. 
Gaye, J.M. Gregory, A. Kitoh, R. Knutti, J.M. Murphy, A. 
Noda, S.C.B. Raper, I.G. Watterson, A.J. Weaver, and Z.-C. 
Zhao, 2007: Global Climate Projections. In: Climate Change 
2007. The Physical Science Basis. Contribution of Working 
Group I to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change [Solomon, S., D. Qin, M. 
Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and 
H.L. Miller (eds.)]. Cambridge University Press, Cambridge, 
United Kingdom, and New York, NY, USA, pp. 747–845.



217

Abrupt Climate Change

Meko, D.M., C.A. Woodhouse, C.A. Baisan, T. Knight, J.J. Lukas, 
M.K. Hughes, and M.W. Salzer, 2007: Medieval drought in the 
upper Colorado River Basin. Geophysical Research Letters, 
34, L10705, doi:10.1029/2007GL029988.

Miao, X.D., J.A. Mason, J.B. Swinehart, D.B. Loope, P.R. Han-
son, R.J. Goble, and X.D. Liu, 2007: A 10,000 year record of 
dune activity, dust storms, and severe drought in the central 
Great Plains. Geology, 35(2), pp. 119–122.

Mock, C.J. and A.R. Brunelle-Daines, 1999: A modern analogue 
of western United States summer palaeoclimate at 6000 years 
before present. The Holocene, 9(5), pp. 541–545.

Moore, J.N., J.T. Harper, and M.C. Greenwood, 2007: Signifi-
cance of trends toward earlier snowmelt runoff, Columbia and 
Missouri Basin headwaters, western United States. Geophysi-
cal Research Letters, 34(16), doi:10.1029/2007GL032022.

Morrill, C., J.T. Overpeck, and J.E. Cole, 2003: A synthesis of 
abrupt changes in the Asian summer monsoon since the last 
deglaciation. Holocene, 13(4), pp. 465–476.

Mosley, M.P. and A.I. McKerchar, 1993: Streamflow. In: Hand-
book of Hydrology [Maidment, D.R. (ed.)]. McGraw-Hill, New 
York, pp. 8.1–8.39.

Mote, P., A. Hamlet, and E. Salathé, 2008: Has spring snowpack 
declined in the Washington Cascades? Hydrology and Earth 
System Sciences, 12, pp. 193–206.

Mote, P.W., 2006, Climate-driven variability and trends in moun-
tain snowpack in western North America: Journal of Climate, 
19, doi: 10.1175/JCLI3971.1, pp. 6209–6220.

Mote, P.W., A.F. Hamlet, M.P. Clark, and D.P. Lettenmaier, 2005: 
Declining mountain snowpack in western North America. Bul-
letin of the American Meteorological Society, 86, doi: 10.1175/
BAMS-86-1-39, pp. 39–49.

Namias, J., 1966: Nature and possible causes of the Northeastern 
United States drought during 1962–65. Monthly Weather Re-
view, 94(9), doi: 10.1175/1520-0493(1966)094, pp. 543–554.

Namias, J., 1991: Spring and summer 1988 drought over the Great 
Plains: Causes and predictions. Journal of Climate, 4, doi: 
10.1175/1520-0442(1991)004, pp. 54–65.

National Assessment, 2000. Water: The Potential Consequences 
of Climate Variability and Change for the Water Resources of 
the United States. The Report of the Water Sector Assessment 
Team of the National Assessment of the Potential Consequences 
of Climate Variability and Change for the U.S. Global Change 
Research Program [Gleick, P. (ed.)]. U.S. Global Change Re-
search Program, 151 pp.

National Integrated Drought Information System Implemen-
tation Team, 2007: National Integrated Drought Information 
System Implementation Plan: A Pathway for National Resil-
ience, 29 pp. http://www.drought.gov/pdf/NIDIS-IPFinal-
June07.pdf.

Nemec, J. and J.C. Schaake, 1982: Sensitivity of water resource 
systems to climate variation. Hydrologic Sciences Journal, 27, 
pp. 327–343.

Newman, M., G.P. Compo, and M.A. Alexander, 2003: ENSO-
forced variability of the Pacific Decadal Oscillation. Journal of 
Climate, 16, pp. 3853–3857.

Nicholls, N., 2004: The changing nature of Australian droughts. 
Climatic Change, 63, pp. 323–336.

Nicholson, S.E., B. Some, and B. Kone, 2000: An analysis of re-
cent rainfall conditions in West Africa, including the rainy sea-
sons of the 1997 and 1998 La Niña years. Journal of Climate, 
13, pp. 2628–2640.

Nigam, S. and A. Ruiz-Barradas, 2006: Great Plains hydroclimate 
variability: The view from North American regional reanalysis. 
Journal of Climate, 19, pp. 3004–3010.

Nordas, R. and N.P. Gleditsch, 2007: Climate change and conflict. 
Political Geography, 26, pp. 627–638.

Notaro, M., Y. Wang, Z. Liu, R. Gallimore, and S. Levis, 2008: 
Combined statistical and dynamical assessment of simulated 
vegetation-rainfall interactions in North Africa during the 
mid-Holocene. Global Change Biology, 14(2), pp. 347–368, 
doi:10.1111/j.1365-2486.2007.01495.x.

O’Connor, J.E. and J.E. Costa, 2003: Large Floods in the United 
States: Where they Happen and Why. U.S. Geological Survey 
Circular 1245, 19 pp. http://pubs.usgs.gov/circ/2003/circ1245/.

O’Connor, J.E. and J.E. Costa, 2004: The World’s Largest Floods, 
Past and Present: Their Causes and Magnitudes. U.S. Geo-
logical Survey Circular 1254, 13 pp. http://pubs.usgs.gov/
circ/2004/circ1254/.

Oglesby, R.J., 1991: Springtime soil moisture, natural climatic 
variability, and North American drought as simulated by the 
NCAR community climate model 1. Journal of Climate, 4(9), 
pp. 890–897.

Oglesby, R.J., and D.J. Erickson III, 1989: Soil moisture and the 
persistence of North American drought. Journal of Climate, 
2(11), pp. 1362–1380.

Ostler, D.A., 2005: Upper Colorado River basin perspectives on 
the drought. Southwest Hydrology, March/April, pp. 18, 29.

Otto-Bliesner, B.L., E.C. Brady, G. Clauzet, R. Tomas, S. Levis, 
and Z. Kothavala, 2006: Last Glacial Maximum and Holocene 
climate in CCSM3. Journal of Climate, 19, pp. 2526–2544.

Overland, J.E., D.B. Percival, and H.O. Mofjeld, 2006: Regime 
shifts and red noise in the North Pacific. In: Deep-Sea Research 
Part I. Oceanographic Research Papers, 53(4), pp. 582–588.

Pal, J.S. and E.A.B. Eltahir, 2002: Teleconnections of soil 
moisture and rainfall during the 1993 midwest summer 
flood. Geophysical Research Letters, 29(18), L13202, 
doi:10.1029/2004GL019836.

Pal, J.S., F. Giorgi, and X.Q. Bi, 2004: Consistency of recent Eu-
ropean summer precipitation trends and extremes with future 
regional climate projections. Geophysical Research Letters, 
31(13).

Palmer, T.N. and C. Brankoviç, 1989: The 1988 U.S. drought 
linked to anomalous sea surface temperature. Nature, 
338(6210), pp. 54–57.

Palmer, W.C., 1965: Meteorological Drought. Weather Bureau 
Research Paper 45, U.S. Department of Commerce, Washing-
ton, DC, 58 pp.

Pederson, D.C., D.M. Peteet, D. Kurdyla, and T. Guilderson, 
2005: Medieval warming, Little Ice Age, and European impact 
on the environment during the last millennium in the lower 
Hudson Valley, New York, USA. Quaternary Research, 63, 
pp. 238–249.



The U.S. Climate Change Science Program References

218

Peteet, D., 2001: Late Glacial Climate Variability and General 
Circulation Model (GCM) Experiments: An Overview. In: In-
terhemispheric Climate Linkages [Markgraf, V. (ed.)]. Aca-
demic Press, San Diego, CA. 

Peterson, T.C., D.M. Anderson, S.J. Cohen, M. Cortez-Vázquez, 
R.J. Murnane, C. Parmesan, D. Phillips, R.S. Pulwarty, and 
J.M.R. Stone, 2008: Why Weather and Climate Extremes Mat-
ter. In: Weather and Climate Extremes in a Changing Climate. 
Regions of Focus: North America, Hawaii, Caribbean, and 
U.S. Pacific Islands. A Report by the U.S. Climate Change Sci-
ence Program and the Subcommittee on Global Change Re-
search [Karl, T.R., G.A. Meehl, C.D. Miller, S.J. Hassol, A.M. 
Waple, and W.L. Murray (eds.)]. Department of Commerce, 
NOAA National Climatic Data Center, Washington, DC, USA, 
164 pp.

Pilgrim, D.H. and I. Cordery, 1993: Flood runoff. In: Handbook of 
Hydrology [Maidment, D.R. (ed.)]. McGraw-Hill, New York, 
pp. 9.1–9.42.

Poore, R.Z., M.J. Pavich, and H.D. Grissino-Mayer, 2005: Re-
cord of the North American southwest monsoon from Gulf of 
Mexico sediment cores. Geology, 33(3), pp. 209–212.

Raleigh, C. and H. Urdal, 2007: Climate change, environmen-
tal degradation and armed conflict. Political Geography, 26, 
pp. 674–694.

Rasmussen, J.B.T., V.J. Polyak, and Y. Asmerom, 2006: Evidence 
for Pacific-modulated precipitation variability during the late 
Holocene from the southwestern USA. Geophysical Research 
Letters, 33(8), L08701, doi:10.1029/2006GL025714.

Rayner, N.A., D.E. Parker, E.B. Horton, C.K. Folland, L.V. Alex-
ander, D.P. Rowell, E.C. Kent, and A. Kaplan, 2003: Globally 
complete analyses of sea surface temperature, sea ice and night 
marine air temperature, 1871–2000. Journal of Geophysical 
Research, 108(D14), 4407, doi:10.1029/2002JD002670.

Renssen, H., V. Brovkin, T. Fichefet, and H. Goosse, 2006: Simu-
lation of the Holocene climate evolution in Northern Africa: 
The termination of the African Humid Period. Quaternary In-
ternational, 150, pp. 95–102.

Rosenzweig, C., D.C. Major, K. Demong, C. Stanton, R. Horton, 
and M. Stults, 2007: Managing climate change risks in New 
York City’s water systems: Assessment and adaptation plan-
ning. Mitigation and Adaptation Strategies for Global Change, 
pp. 1391–1409, doi: 10.1007/s11027-006-9070-5.

Ruddiman, W.F., 2006: Orbital changes and climate. Quaternary 
Science Reviews, 25(23–24), pp. 3092–3112.

Rudnick, D.L. and R.E. Davis, 2003: Red noise and regime shifts. 
Deep Sea Research I, 50, pp. 691–699.

Ruiz-Barradas, A. and S. Nigam, 2005: Warm season rainfall 
over the U.S. Great Plains in observations, NCEP and ERA-40 
reanalyses, and NCAR and NASA atmospheric model simula-
tions. Journal of Climate, 18, pp. 1808–1830.

Saltzman, B., 2002: Dynamical Paleoclimatology: Generalized 
Theory of Global Climate Change. Academic Press, San Di-
ego, 354 pp.

Schindler, D.W., S.E. Bayley, B.R. Parker, K.G. Beaty, and D.R. 
Cruikshank, 1996a: The effects of climatic warming on the 
properties of boreal lakes and streams at the Experimental 
Lakes Area, northwestern Ontario. Limnology and Oceanogra-
phy, 41, pp. 1004–1017.

Schindler, D.W., P.J. Curtis, B.R. Parker, and M.P. Stainton, 
1996b: Consequences of climate warming and lake acidifica-
tion for UV-B penetration in North American boreal lakes. Na-
ture, 379, pp. 705–708.

Schneider, E.K., 1977: Axially symmetric steady-state models of 
the basic state for instability and climate studies. Part II: Non-
linear calculations. Journal of the Atmospheric Sciences, 34, 
pp. 280–296.

Schneider, N. and B.D. Cornuelle, 2005: The forcing of the Pa-
cific decadal oscillation. Journal of Climate, 18(21), pp. 4355–
4373.

Schubert, S.D., M.J. Suarez, P.J. Region, R.D. Koster, and J.T. 
Bacmeister, 2004a: Causes of long-term drought in the United 
States Great Plains. Journal of Climate, 17, pp. 485–503.

Schubert, S.D., M.J. Suarez, P.J. Region, R.D. Koster, and J.T. 
Bacmeister, 2004b: On the cause of the 1930s Dust Bowl. Sci-
ence, 303, pp. 1855–1859.

Seager, R., 2007: The turn-of-the-century drought across North 
America: Dynamics, global context and past analogues. Jour-
nal of Climate, 20, pp. 5527–5552.

Seager, R., R. Burgman, Y. Kushnir, A. Clement, N. Naik, and J. 
Velez, 2008: Tropical Pacific forcing of North American me-
dieval megadroughts: Testing the concept with an atmosphere 
model forced by coral-reconstructed SSTs. Journal of Climate, 
21(23), pp. 6175–6190.

Seager, R., N. Graham, C. Herweijer, A.L. Gordon, Y. Kushnir, 
and E. Cook, 2007a: Blueprints for Medieval hydroclimate. 
Quaternary Science Reviews, 26, pp. 2322–2336.

Seager, R., N. Harnik, Y. Kushnir, W.A. Robinson, and J. Miller, 
2003: Mechanisms of hemispherically symmetric climate vari-
ability. Journal of Climate, 16, pp. 296–298.

Seager, R., N. Harnik, W.A. Robinson, Y. Kushnir, M. Ting, H.P. 
Huang, and J. Velez, 2005a: Mechanisms of ENSO-forcing of 
hemispherically symmetric precipitation variability. Quarterly 
Journal of the Royal Meteorological Society, 131, pp. 1501–
1527.

Seager, R., Y. Kushnir, C. Herweijer, N. Naik, and J. Velez, 2005b: 
Modeling of tropical forcing of persistent droughts and pluvials 
over western North America: 1856–2000. Journal of Climate, 
18(19), pp. 4065–4088.

Seager, R., Y. Kushnir, M. Ting, M. Cane, N. Naik, and J. Velez, 
2007b: Would advance knowledge of 1930s SSTs have allowed 
prediction of the Dust Bowl drought? Journal of Climate , 21, 
pp. 3261–3281, doi:10.1175/2007JCLI2134.1.

Seager, R., M. Ting, I. Held, Y. Kushnir, J. Lu, G. Vecchi, H.-P. 
Huang, N. Harnik, A. Leetmaa, N.-C. Lau, C. Li, J. Velez, and 
N. Naik, 2007c: Model projections of an imminent transition 
to a more arid climate in southwestern North America. Science, 
316, pp. 1181–1184.

Seager, R., A. Tzanova, and J. Nakamura, 2009: Drought in the 
Southeastern United States: Causes, variability over the last 
millennium and the potential for future hydroclimatic change. 
Journal of Climate (in review).

Seidel, D.J., Q. Fu, W.J. Randel, and T.J. Reichler, 2008: Widening 
of the tropical belt in a changing climate. Nature, Geoscience, 
1, pp. 21–24. Published online December 2, 2007, doi:10.1038/
ngeo.2007.38.



219

Abrupt Climate Change

Shin, S.-I., P.D. Sardeshmukh, R.S. Webb, R.J. Oglesby, and J.J. 
Barsugli, 2006: Understanding the mid-Holocene climate. 
Journal of Climate, 19(12), pp. 2801–2818, doi:10.1175/
JCLI3733.1.

Shinker, J.J., P.J. Bartlein, and B. Shuman, 2006: Synoptic and 
dynamic climate controls of North American mid-continental 
aridity. Quaternary Science Reviews, 25, pp. 1401–1417.

Shuman, B., P. Bartlein, N. Logar, P. Newby, and T. Webb III, 
2002: Parallel climate and vegetation responses to the early 
Holocene collapse of the Laurentide Ice Sheet. Quaternary 
Science Reviews, 21(16–17), pp. 1793–1805.

Shuman, B., P.J. Bartlein, and T. Webb III, 2005: The magnitudes 
of millennial- and orbital-scale climatic change in eastern 
North America during the Late Quaternary. Quaternary Sci-
ence Reviews, 24(20–21), pp. 2194–2206.

Shuman, B., P.J. Bartlein, and T. Webb III, 2007: Response to 
“Comments on: ‘The magnitude of millennial- and orbital-
scale climatic change in eastern North America during the 
Late-Quaternary’ by Shuman et al.” Quaternary Science Re-
views, 26(1–2), pp. 268–273.

Shuman, B. and B. Finney, 2007: Lake Level Studies—North 
America. In: Encyclopedia of Quaternary Science [Elias, S.A. 
(ed.)]. Elsevier, Amsterdam, pp. 1374–1383.

Shuman, B., J.W. Williams, N.S. Diffenbaugh, M. Ashfaq, and 
P.J. Bartlein, 2009: The effects of insolation and soil-moisture 
behavior on moisture patterns and variability in the central 
United States during the mid-Holocene. Quaternary Science 
Reviews (in review).

Sinha, A., K. Cannariato, L.D. Stott, H. Chaing, R.L. Edwards, 
M.G. Yadava, R. Ramesh, and I.B. Singh, 2007:  A 900-year 
(600 to 1500 A.D.) record of the Indian summer monsoon pre-
cipitation from the core monsoon zone of India. Geophysical 
Research Letters, 34, doi:10.1029/2007GL030431.

Soden, B.J., R.T. Wetherald, L. Stenchikov, and A. Robock, 2002: 
Global cooling after the eruption of Mount Pinatubo: A test of 
climate feedback by water vapor. Science, 296(5568), pp. 727–
730, doi:10.1126/science.296.5568.727.

Stahle, D.W., M.K. Cleaveland, D.B. Blanton, M.D. Therrell, and 
D.A. Gay, 1998: The lost colony and Jamestown droughts. Sci-
ence, 280(5363), pp. 564–567.

Stahle, D.W., M.K. Cleaveland, and J.G. Hehr, 1988: North Caro-
lina climate change reconstructed from tree rings: A.D. 372 to 
1985. Science, 240, pp. 1517–1520.

Stahle, D.W., E.R. Cook, M.K. Cleaveland, M.D. Therrell, D.M. 
Meko, H.D. Grissino-Mayer, E. Watson, and B.H. Luckman, 
2000: Tree-ring data document 16th century megadrought over 
North America. Eos, Transactions, American Geophysical 
Union, 81(12), pp. 121, 125.

Stahle, D.W., F.K. Fye, E.R. Cook, and R.D. Griffin, 2007: Tree-
ring reconstructed megadroughts over North America since 
AD 1300. Climatic Change, 83, pp. 133–149.

Stine, S., 1994: Extreme and persistent drought in California and 
Patagonia during mediaeval time. Nature, 369, pp. 546–549.

Stockton, C.W. and G.C. Jacoby, 1976: Long-term Surface-water 
Supply and Streamflow Trends in the Upper Colorado River 
Basin. Lake Powell Research Project Bulletin No. 18, National 
Science Foundation, 70 pp.

Stone, J.R. and S.C. Fritz, 2006: Multidecadal drought and Ho-
locene climate instability in the Rocky Mountains. Geology, 
34(5), pp. 409–412.

Stuiver, M., P.M. Grootes, and T.F. Braziunas, 1995: The GISP2 
δ18O climate record of the past 16,500 years and the role of 
the sun, ocean, and volcanoes. Quaternary Research, 44(3), 
pp. 341–354.

Sutton, R.T. and D.R.L. Hodson, 2005: Atlantic Ocean forcing of 
North American and European summer climate. Science, 309, 
pp. 115–118.

Swetnam, T.W. and J.L. Betancourt, 1998: Mesoscale disturbance 
and ecological response to decadal climate variability in the 
American southwest. Journal of Climate, 11, pp. 3128–3147.

Texier, D., N. de Noblet, S.P. Harrison, A. Haxeltine, D. Jolly, 
S. Joussaume, F. Laarif, I.C. Prentice, and P. Tarasov, 1997: 
Quantifying the role of biosphere-atmosphere feedbacks in 
climate change: Coupled model simulations for 6000 years 
BP and comparison with palaeodata for northern Eurasia and 
northern Africa. Climate Dynamics, 13, pp. 865–882.

Thompson, R.S., C. Whitlock, P.J. Bartlein, S.P. Harrison, and 
W.G. Spaulding, 1993: Climatic changes in Western United 
States since 18,000 yr B.P. In: Global Climates since the Last 
Glacial Maximum [Wright, H.E., Jr., J.E. Kutzbach, T. Webb 
III, W.F. Ruddiman, F.A. Street-Perrott, and P.J. Bartlein (eds.)]. 
University of Minnesota Press, Minneapolis, MN, 569 pp.

Trenberth, K.E., G.W. Branstator, D. Karoly, A. Kumar, N.-C. 
Lau, and C. Ropelewski, 1998: Progress during TOGA in un-
derstanding and modeling global teleconnections associated 
with tropical sea surface temperature. Journal of Geophysical 
Research, 103, pp. 14,291–14,324.

Trenberth, K.E., A. Dai, R.M. Rasmussen, and D.B. Parsons, 
2003: The changing character of precipitation. Bulletin of the 
American Meteorological Society, 84, pp. 1205–1217.

Trenberth, K.E. and C.J. Guillemot, 1996: Physical processes in-
volved in the 1988 drought and 1993 floods in North America. 
Journal of Climate, 9(6), pp. 1288–1298.

Trenberth, K.E., P.D. Jones, P. Ambenje, R. Bojariu, D. Easter-
ling, A.K. Tank, D. Parker, F. Rahimzadeh, J.A. Renwick, M. 
Rusticucci, B. Soden, and P. Zhai, 2007: Observations: Surface 
and atmospheric climate change. In: Climate Change 2007. 
The Physical Science Basis. Contribution of Working Group 
I to the Fourth Assessment Report of the Intergovernmental 
Panel on Climate Change [Solomon, S., D. Qin, M. Manning, 
Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and H.L. Miller 
(eds.)]. Cambridge University Press, Cambridge, United King-
dom.

USBR (U.S. Department of the Interior, Bureau of Reclama-
tion), 2005: Water 2025: Preventing Crises and Conflict in 
the West (Water 2025 Status Report). U.S. Department of the 
Interior, Bureau of Reclamation. 32 pp., http://www.usbr.gov/
water2025/.

USBR (U.S. Department of the Interior, Bureau of Reclama-
tion), 2007: Draft environmental impact statement, Colorado 
River interim guidelines for lower basin shortages and coor-
dinated operations for Lake Powell and Lake Mead. U.S. De-
partment of the Interior, Bureau of Reclamation, 2 volumes.   
http://www.usbr.gov/lc/region/programs/strategies/draftEIS/
index.html.



The U.S. Climate Change Science Program References

220

Vecchi, G.A., B.J. Soden, A.T. Wittenberg, I.M. Held, A. Leet-
maa, and M.J. Harrison, 2006: Weakening of tropical Pacific 
atmospheric circulation due to anthropogenic forcing. Nature, 
441, pp. 73–76.

Vera, C., W. Higgins, J. Amador, T. Ambrizzi, R. Garreaud, D. 
Gochis, D. Gutzler, D. Lettenmaier, J. Marengo, C.R. Mecho-
so, J. Nogues-Paegle, P.L.S. Dias, and C. Zhang, 2006: Toward 
a unified view of the American Monsoon Systems. Journal of 
Climate, 19(20), pp. 4977–5000.

Viau, A.E., K. Gajewski, M.C. Sawada, and P. Fines, 2006: Mil-
lennial-scale temperature variations in North America during 
the Holocene. Journal of Geophysical Research, 111, D09102, 
doi:10.1029/2005JD006031.

Wang, C., D.B. Enfield, S.K. Lee, and C.W. Landsea, 2006: In-
fluences of the Atlantic warm pool on western hemisphere 
summer rainfall and Atlantic hurricanes. Journal of Climate, 
19(12), pp. 3011–3028.

Wang, Y., M. Notaro, Z. Liu, R. Gallimore, S. Levis, and J.E. 
Kutzbach, 2007: Detecting vegetation-precipitation feedbacks 
in mid-Holocene North Africa from two climate models. Cli-
mate of the Past Discussions, 3, pp. 961–975.

Wang, Y.J., H. Cheng, R.L. Edwards, Y.Q. He, X.G. Kong, Z.S. 
An, J.Y. Wu, M.J. Kelly, C.A. Dykoski, and X.D. Li, 2005: The 
Holocene Asian monsoon: Links to solar changes and North 
Atlantic climate. Science, 308(5723), pp. 854–857.

Webb, T., III, K.H. Anderson, P.J. Bartlein, and R.S. Webb, 1998: 
Late Quaternary climate change in eastern North America: A 
comparison of pollen-derived estimates with climate model re-
sults. Quaternary Science Reviews, 17(6–7), pp. 587–606.

Webb, T., III, P.J. Bartlein, S.P. Harrison, and K.H. Anderson, 
1993a: Vegetation, lake levels, and climate in eastern North 
America for the past 18,000 years. In: Global Climates since 
the Last Glacial Maximum [Wright, H.E., Jr., J.E. Kutzbach, T. 
Webb III, W.F. Ruddiman, F.A. Street-Perrott, and P.J. Bartlein 
(eds.)]. University of Minnesota Press, Minneapolis, MN.

Webb, T., III, E.J. Cushing, and H.E. Wright, Jr., 1983: Holocene 
changes in the vegetation of the Midwest. In: Late-Quaternary 
Environments of the United States, vol. 2 [Wright, H.E., Jr. 
(ed.)]. University of Minnesota Press, Minneapolis, MN.

Webb, T., III, W.F. Ruddiman, F.A. Street-Perrott, V. Markgraf, 
J.E. Kutzbach, P.J. Bartlein, H.E. Wright, Jr., and W.L. Prell, 
1993b: Climatic changes during the past 18,000 years; Regional 
syntheses, mechanisms, and causes. In: Global Climates since 
the Last Glacial Maximum [Wright, H.E., Jr., J.E. Kutzbach, T. 
Webb III, W.F. Ruddiman, F.A. Street-Perrott, and P.J. Bartlein 
(eds.)]. University of Minnesota Press, Minneapolis, MN.

Weldeab, S., D.W. Lea, R.R. Schneider, and N. Andersen, 2007: 
155,000 years of West African Monsoon and ocean thermal 
evolution. Science, 316, doi:10.1126/science.1140461.

West, E., 1995: The way to the west: Essays on the Central Plains. 
University of New Mexico Press, 244 pp.

Western Governors’ Association, 2004: Creating a Drought 
Warning System for the 21st Century: The National Integrated 
Drought Information System. Western Governors’ Association, 
Denver, CO, 13 pp. http://www.westgov.org/wga/publicat/ 
nidis.pdf.

Wilby, R.L. and T.M.L. Wigley, 2002: Future changes in the distri-
bution of daily precipitation totals across North America. Geo-
physical Research Letters, 29, doi:10.1029/2001GL013048.

Williams, J.W., 2002: Variations in tree cover in North America 
since the last glacial maximum. Global and Planetary Change, 
35, pp. 1–23.

Williams, J.W., B.N. Shuman, T. Webb III, P.J. Bartlein, and P.L. 
Leduc, 2004: Late-quaternary vegetation dynamics in North 
America: Scaling from taxa to biomes. Ecological Mono-
graphs, 74(2), pp. 309–334.

Wohl, E.E., 2000: Inland Flood Hazards: Human, Riparian and 
Aquatic Communities. Cambridge University Press, Cam-
bridge, United Kingdom, 498 pp.

Wohlfahrt, J., S.P. Harrison, and P. Braconnot, 2004: Synergistic 
feedbacks between ocean and vegetation on mid- and high-
latitude climates during the mid-Holocene. Climate Dynamics, 
22(2–3), pp. 223–238.

Woodhouse, C.A., S.T. Gray, and D.M. Meko, 2006: Up-
dated streamflow reconstructions for the Upper Colora-
do River basin. Water Resources Research, 42, W05415, 
doi:10.1029/2005WR004455.

Woodhouse, C.W., K.E. Kunkel, D.R. Easterling, and E.R. 
Cook, 2005: The 20th century pluvial in the western Unit-
ed States. Geophysical Research Letters, 32, L07701, 
doi:10.1029/2005GL022413.

Woodhouse, C.A. and J.T. Overpeck, 1998: 2000 years of drought 
variability in the central United States. Bulletin of the Ameri-
can Meteorological Society, 79, pp. 2693–2714.

Worster, D., 1979: Dust Bowl: The Southern Plains in the 1930s. 
Oxford University Press, New York, 277 pp.

Worster, D., 1985: Rivers of Empire: Water, Aridity and the 
Growth of the American West. Oxford University Press, New 
York, 416 pp.

Wright, H.E., Jr., J.E. Kutzbach, T. Webb III, W.F. Ruddiman, 
F.A. Street-Perrott, and P.J. Bartlein (eds.), 1993: Global Cli-
mates since the Last Glacial Maximum. University of Minne-
sota Press, Minneapolis, MN, 544 pp.

Wright, H.E., Jr., I. Stefanova, J. Tian, T.A. Brown, and F.S. Hu, 
2004: A chronological framework for the Holocene vegetation-
al history of central Minnesota: The Steel Lake pollen record. 
Quaternary Science Reviews, 23(5–6), pp. 611–626.

Yin, J., 2005: A consistent poleward shift of the storm tracks in 
simulations of 21st century climate. Geophysical Research Let-
ters, 32, L06105, doi:10.1029/2004GL022058.

Zhang, X., F.W. Zwiers, G.C. Hegerl, F.H. Lambert, N.P. Gil-
lett, and S. Solomon, 2007: Detection of human influence on 
20th century precipitation trends. Nature, 448, pp. 461–466, 
doi:10.1038/nature06025.

Zhang, Y., J.M. Wallace, and D.S. Battisti, 1997: ENSO-like de-
cade-to-century scale variability: 1900–93. Journal of Climate, 
10, pp. 1004–1020.

Zhao, Y., P. Braconnot, S.P. Harrison, P. Yiou, and O. Marti, 2007: 
Simulated changes in the relationship between tropical ocean 
temperatures and the western African monsoon during the mid-
Holocene. Climate Dynamics, 28(5), pp. 533–551.



221

Abrupt Climate Change

Zhao, Y., P. Braconnot, O. Marti, S.P. Harrison, C. Hewitt, A. 
Kitoh, Z. Liu, U. Mikolajewicz, B. Otto-Bliesner, and S.L. 
Weber, 2005: A multi-model analysis of the role of the ocean 
on the African and Indian monsoon during the mid-Holocene. 
Climate Dynamics, 25(7–8), pp. 777–800.

CHAPTER 4 REFERENCES
Adcroft, A., J.R. Scott, and J. Marotzke, 2001: Impact of geother-

mal heating on the global ocean circulation. Journal of Geo-
physical Research, 28(9), pp. 1735–1738.

Adkins, J.F. and E. Boyle, 1997: Changing atmospheric ∆14C and 
the record of deepwater paleoventilation ages. Paleoceanogra-
phy, 12(3), pp. 337–344.

Adkins, J.F., H. Cheng, E.A. Boyle, E.R.M. Druffel, and R.L. Ed-
wards, 1998: Deep-sea coral evidence for rapid change in ven-
tilation of the deep North Atlantic 15,400 years ago. Science, 
280, pp. 725–728.

Adkins, J.F., K. McIntyre, and D.P. Schrag, 2002: The salinity, 
temperature and δ18O of the glacial deep ocean. Science, 298, 
pp. 1769–1773.

Alley, R.B., 2007: Wally was right: Predictive ability of the North 
Atlantic “conveyor belt” hypothesis for abrupt climate change. 
Annual Reviews of Earth and Planetary Sciences, 35, pp. 241–
272.

Alley, R.B. and Agustdottir, A.M., 2005: The 8k event: Cause 
and consequences of a major Holocene abrupt climate change. 
Quaternary Science Reviews, 24, pp. 1123–1149.

Altabet, M.A., M.J. Higginson, and D.W. Murray, 2002: The ef-
fect of millennial-scale changes in Arabian Sea denitrification 
on atmospheric CO2. Nature, 415, pp. 159–162.

Arneborg, L., 2002: Mixing efficiencies in patchy turbulence. 
Journal of Physical Oceanography, 32, pp. 1496–1506.

Arzel, O., T. Fichefet, and H. Goosse, 2006: Sea ice evolution 
over the 20th and 21st centuries as simulated by the current 
AOGCMs. Ocean Modelling, 12, pp. 401–415.

Bacon, M.P. and R.F. Anderson, 1982: Distribution of thorium 
isotopes between dissolved and particulate forms in the deep 
sea. Journal of Geophysical Research, 87, pp. 2045–2056.

Barnett, T.P., L. Dumenil, U. Schlese, E. Roeckner, and M. La-
tif, 1989: The effect of Eurasian snow cover on regional and 
global climate variations. Journal of Atmospheric Sciences, 46, 
pp. 661–685.

Behl, R.J. and J.P. Kennett, 1996: Brief interstadial events in the 
Santa Barbara basin, NE Pacific, during the past 60 kyr. Na-
ture, 379, pp. 243–246.

Bender, M., T. Sowers, M.-L. Dickson, J. Orchardo, P. Grootes, 
P.A. Mayewski, and D.A. Meese, 1994: Climate correlations 
between Greenland and Antarctica during the past 100,000 
years. Nature, 372, pp. 663–666.

Bender, M.L., B. Malaize, J. Orchardo, T. Sowers, and J. Jouzel, 
1999: High-precision correlations of Greenland and Antarc-
tic ice core records over the last 100 kyr. In: Mechanisms of 
Global Climate Change at Millennial Time Scales [Clark, P.U., 
R.S. Webb, and L.D. Keigwin (eds.)]. Geophysical Monograph 
Series, 112, pp. 149–164.

Benway, H.M., A.C. Mix, B.A. Haley, and G.P. Klinkham-
mer, 2006: Eastern Pacific Warm Pool paleosalinity and cli-
mate variability: 0–30  kyr. Paleoceanography, 21, PA3008, 
doi:10.1029/2005PA001208.

Berger, A. and M.F. Loutre, 2002: An exceptionally long Intergla-
cial ahead? Science, 297, pp. 1287–1288.

Bickert, T. and A. Mackensen, 2004: Last Glacial to Holocene 
changes in South Atlantic deep water circulation. In: The South 
Atlantic in the Late Quaternary: Reconstruction of Material 
Budget and Current Systems [Wefer, G., S. Mulitza, and V. Rat-
meyer (eds.)]. Springer-Verlag, Berlin, pp. 671–693.

Bindoff, N.L., J. Willebrand, V. Artale, A. Cazenave, J. Gregory, 
S. Gulev, K. Hanawa, C. Le Quéré, S. Levitus, Y. Nojiri, C.K. 
Shum, L.D. Talley, and A. Unnikrishnan, 2007: Observations: 
Oceanic climate change and sea level, In: Climate change 
2007: The physical science basis. Contribution of Working 
Group I to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change [Solomon, S., D. Qin, M. 
Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and 
H.L. Miller (eds.)]. Cambridge University Press, Cambridge, 
United Kingdom, pp. 385–432.

Black, D.E., L.C. Peterson, J.T. Overpeck, A. Kaplan, M.N. Ev-
ans, and M. Kashgarian, 1999: Eight centuries of North Atlantic 
Ocean atmosphere variability. Science, 286, pp. 1709–1713.

Blunier, T. and E.J. Brook, 2001: Timing of millennial-scale cli-
mate change in Antarctica and Greenland during the last glacial 
period. Science, 291, pp. 109–112.

Blunier, T., J. Chappellaz, J. Schwander, A. Dallenbach, B. 
Stauffer, T.F. Stocker, D. Raynaud, J. Jouzel, H.B. Clausen, 
C.U. Hammer, and S.J. Johnsen, 1998: Asynchrony of Antarc-
tic and Greenland climate change during the last glacial period. 
Nature, 394, pp. 739–743.

Boessenkool, K.P., I.R. Hall, H. Elderfield, and I. Yashayaev, 2007: 
North Atlantic climate and deep-ocean flow speed changes 
during the last 230 years. Geophysical Research Letters, 34, 
L13614, doi:10.1029/2007GL030285.

Bond, G.C., W.S. Broecker, S. Johnsen, J. McManus, L. Labeyrie, 
J. Jouzel, and G. Bonani. 1993: Correlations between climate 
records from North Atlantic sediments and Greenland ice. Na-
ture, 365, pp. 143–147.

Bond, G.C. and R. Lotti, 1995: Iceberg discharges into the North 
Atlantic on millennial time scales during the last glaciation. 
Science, 267, pp. 1005–1010.

Bond, G., W. Showers, M. Cheseby, R. Lotti, P. Almasi, P. de-
Menocal, P. Priore, H. Cullen, I. Hajdas, and G. Bonani, 1997: 
A pervasive millennial-scale cycle in North Atlantic Holocene 
and glacial climates. Science, 278, pp. 1257–1266.

Boning, C.W., M. Scheinert, J. Dengg, A. Biastoch, and A. Funk, 
2006: Decadal variability of subpolar gyre transport and its 
reverberation in the North Atlantic overturning. Geophysical 
Research Letters, 33, L21S01, doi:10.1029/2006GL026906.

Boyle, E.A., 1992: Cadmium and δ13C paleochemical ocean distri-
butions during the stage 2 glacial maximum. Annual Review of 
Earth and Planetary Sciences, 20, pp. 245–287.

Boyle, E.A, 2000: Is ocean thermohaline circulation linked to 
abrupt stadial/interstadial transitions? Quaternary Science Re-
views, 19, pp. 255–272.



The U.S. Climate Change Science Program References

222

Boyle, E.A., and L. Keigwin, 1987: North-Atlantic thermohaline 
circulation during the past 20,000 years linked to high-latitude 
surface-temperature. Nature, 330, pp. 35–40.

Boyle, E.A. and L.D. Keigwin, 1982: Deep circulation of the 
North Atlantic over the last 200,000 years: Geochemical evi-
dence. Science, 218, pp. 784–787.

Braconnot, P., B. Otto-Bliesner, S. Harrison, S. Joussaume, J.-
Y. Peterchmitt, A. Abe-Ouchi, M. Crucifix, E. Driesschaert, 
Th. Fichefet, C.D. Hewitt, M. Kageyama, A. Kitoh, A. Laine, 
M.-F. Loutre, O. Marti, U. Merkel, G. Ramstein, P. Valdes, 
S.L.Weber, Y. Yu, and Y. Zhao, 2007: Results of PMIP2 cou-
pled simulations of the Mid-Holocene and Last Glacial Maxi-
mum. Part I: Experiments and large-scale features. Climate of 
the Past, 3, pp. 261–277.

Broecker, W.S., 1994: Massive iceberg discharges as triggers for 
global climate change. Nature, 372, pp. 421–424.

Broecker, W.S., 1998: Paleocean circulation during the last de-
glaciation: A bipolar seesaw? Paleoceanography, 13, pp. 119–
121.

Broecker, W.S., J.P. Kennett, B.P. Flower, J.T. Teller, S. Trumbo-
re,  Georges Bonani, and Willy Wolfli, 1989: Routing of melt-
water from the Laurentide ice-sheet during the Younger Dryas 
cold episode. Nature, 341, pp. 318–321.

Broecker, W.S., D.M. Peteet, and D. Rind, 1985: Does the ocean-
atmosphere system have more than one stable mode of opera-
tion? Nature, 315, pp. 21–26.

Bryan, F.O., G. Danabasoglua, N. Nakashikib, Y. Yoshidab, D.-H. 
Kimb, J. Tsutsuib, and S.C. Doney, 2006: Response of the 
North Atlantic thermohaline circulation and ventilation to in-
creasing carbon dioxide in CCSM3. Journal of Climate, 19, 
pp. 2382–2397.

Bryan, F.O., M.W. Hecht, and R.D Smith, 2007: Resolution con-
vergence and sensitivity studies with North Atlantic circulation 
models. Part I: The western boundary current system. Ocean 
Modelling, 16(3–4), pp. 141–159.

Bryden, H.L., H.R. Longworth, and S.A. Cunningham, 2005: 
Slowing of the Atlantic meridional overturning circulation at 
25 degrees N. Nature, 438, pp. 655–657.

Bryden, H.L., D.H. Roemmich, and J.A. Church, 1991: Ocean 
heat transport across 24 degrees N in the Pacific. Deep-Sea Re-
search Part A—Oceanographic Research Papers, 38, pp. 297–
324.

Carlson, A.E., P.U. Clark, B.A. Haley, G.P. Klinkhammer, K. 
Simmons, E.J. Brook, and K.J. Meissner, 2007: Geochemi-
cal proxies of North American freshwater routing during the 
Younger Dryas cold event. Proceedings of the National Acad-
emy of Sciences, 104, pp. 6556–6561.

Carton, J.A., G. Chepurin, X. Cao, and B. Giese, 2000: A simple 
ocean data assimilation analysis of the global upper ocean 
1950–95. Part I: Methodology. Journal of Physical Oceanog-
raphy, 30, pp. 294–309.

Charles, C.D., J. Lynch-Stieglitz, U.S. Ninnemann, and R.G. Fair-
banks, 1996: Climate connections between the hemispheres re-
vealed by deep-sea sediment/ice core correlations. Earth and 
Planetary Science Letters, 142(1–2), pp. 19–27.

Cheng, W., C.M. Bitz, and J.C.H. Chiang, 2007: Adjustment of the 
global climate to an abrupt slowdown of the Atlantic meridional 
overturning circulation. In: Geophysical Monograph Series, 
173, American Geophysical Union, doi:10.1029/173GM19.

Chiang, J.C.H., M. Biasutti, and D.S. Battisti, 2003: Sensitivity 
of the Atlantic intertropical convergence zone to last glacial 
maximum boundary conditions. Paleoceanography, 18, 1094, 
doi:10.1029/2003PA000916.

Clark, P.U., S.W. Hostetler, N.G. Pisias, A. Schmittner, and K.J. 
Meissner, 2007: Mechanisms for a ~7-kyr climate and sea-lev-
el oscillation during marine isotope stage 3. In: Ocean Circula-
tion: Mechanisms and Impacts [Schmittner, A., J. Chiang, and 
S. Hemming (eds.)]. American Geophysical Union, Geophysi-
cal Monograph 173, Washington, DC, pp. 209–246.

Clark, P.U., J.X. Mitrovica, G.A. Milne, and M. Tamisiea, 2002b: 
Sea-level fingerprinting as a direct test for the source of global 
meltwater pulse IA. Science, 295, pp. 2438–2441.

Clark, P.U., N.G. Pisias, T.S. Stocker, and A.J. Weaver, 2002a: 
The role of the thermohaline circulation in abrupt climate 
change. Nature, 415, pp. 863–869.

Clarke, G.K.C., D.W. Leverington, J.T. Teller, and A.S. Dyke, 
2004: Paleohydraulics of the last outburst flood from glacial 
Lake Agassiz and the 8200 BP cold event. Quaternary Science 
Reviews, 23, pp. 389–407.

CLIMAP, 1981: Seasonal reconstructions of the earth’s surface at 
the last glacial maximum. Technical Report MC-36. Boulder, 
CO, Geological Society of America, 18 pp.

Conkright, M.E., R.A. Locarnini, H.E. Garcia, T.D. O’Brien, T.P. 
Boyer, C. Stephens, and J.I. Antonov, 2002: World ocean at-
las 2001: Objective analyses, data statistics, and figures: CD-
ROM documentation. National Oceanographic Data Center, 
Silver Spring, MD, 17 pp.

Cottet-Puinel, M., A.J. Weaver, C. Hillaire-Marcel, A. de Ver-
nal, P.U. Clark, and M. Eby, 2004: Variation of Labrador Sea 
water formation over the last glacial cycle in a climate model 
of intermediate complexity. Quaternary Science Reviews, 23, 
pp. 449–465.

Cuffey, K.M. and G.D. Clow, 1997: Temperature, accumulation, 
and ice sheet elevation in central Greenland through the last 
deglacial transition. Journal of Geophysical Research, 102, 
pp. 26,383–26,396.

Cunningham, S.A., T. Kanzow, D. Rayner, M.O. Baringer, 
W.E. Johns, J. Marotzke, H.R. Longworth, E.M. Grant, J.J.-
M. Hirschi, L.M.  Beal, C.S. Meinen, and H.L. Bryden, 2007: 
Temporal variability of the Atlantic meridional overturning cir-
culation at 26.5°N. Science, 317, pp. 935–938, doi: 10.1126/
science.1141304.

Curry, R., B. Dickson, and I. Yashayaev, 2003: A change in the 
freshwater balance of the Atlantic Ocean over the past four de-
cades. Nature, 426, pp. 826–829.

Curry, W.B. and G.P. Lohmann, 1982: Carbon isotopic changes in 
benthic foraminifera from the western South Atlantic: Recon-
structions of glacial abyssal circulation patterns. Quaternary 
Research, 18(2), pp. 218–235.



223

Abrupt Climate Change

Curry, W.B., T.M. Marchitto, J.F. McManus, D.W. Oppo, and 
K.L. Laarkamp, 1999: Millennial-scale changes in ventilation 
of the thermocline, intermediate, and deep waters of the gla-
cial North Atlantic. In: Mechanisms of Global Climate Change 
at Millennial Time Scales [Clark, P.U., R.S. Webb, and L.D. 
Keigwin (eds.)]. American Geophysical Union, Geophysical 
Monograph 112, Washington, DC, pp. 59–76.

Curry, W.B. and D.W. Oppo, 2005: Glacial water mass ge-
ometry and the distribution of δ13C of ∑CO2 in the west-
ern Atlantic Ocean. Paleoceanography, 20(1), PA1017, 
doi:10.1029/2004PA001021.

Dahl, K.A., A.J. Broccoli, and R.J. Stouffer, 2005: Assessing the 
role of North Atlantic freshwater forcing in millennial scale cli-
mate variability: A tropical Atlantic perspective. Climate Dy-
namics, 24, doi:10.1007/s00382-004-0499-5, pp. 325–346.

Dansgaard, W., J.W.C. White, and S.J. Johnsen, 1989: The abrupt 
termination of the Younger Dryas climate event. Nature, 339, 
doi:10.1038/339532a0, pp. 532–534.

Delworth, T.L. and M.E. Mann, 2000: Observed and simulated 
multidecadal variability in the Northern Hemisphere. Climate 
Dynamics, 16, pp. 661–676.

Delworth, T.L., R. Zhang, and M.E. Mann, 2007: Decadal to 
centennial variability of the Atlantic from observations and 
models. In: Ocean Circulation: Mechanisms and Impacts. 
Geophysical Monograph Series 173, American Geophysical 
Union, Washington, DC, pp. 131–148.

Dengg, J., A. Beckmann, and R. Gerdes, 1996: The gulf stream 
separation problem. In: The Warmwater Sphere of the North 
Atlantic Ocean [Krauss, W. (ed.)]. Gebruder-Borntrager, 
pp. 253–290.

Denton, G.H., R.B. Alley, G.C. Comer, and W.S. Broecker, 2005: 
The role of seasonality in abrupt climate change. Quaternary 
Science Reviews, 24(10–11), pp. 1159–1182.

Dickson, R.R. and J. Brown, 1994: The production of North At-
lantic deep water: Sources, rates, and pathways. Journal of 
Geophysical Research, 99, pp. 12,319–12,341.

Dickson, R.R., J. Lazier, J. Meincke, P. Rhines, and J. Swift, 1996: 
Long-term coordinated changes in the convective activity of 
the North Atlantic. Progress in Oceanography, 38(3), pp. 241–
295.

Dixon, K.W., T.L. Delworth, M.J. Spelman, and R.J. Stouffer, 
1999: The influence of transient surface fluxes on North Atlan-
tic overturning in a coupled GCM climate change experiment. 
Geophysical Research Letters, 26(17), pp. 2749–2752.

Dong, B. and R.T. Sutton, 2007: Enhancement of ENSO vari-
ability by a weakened Atlantic thermohaline circulation in a 
coupled GCM. Journal of Climate, 20(19), pp. 4920–4939.

Dong, B., R.T. Sutton, and A.A. Scaife, 2006: Multidecadal modu-
lation of El Niño Southern Oscillation (ENSO) variance by At-
lantic Ocean sea surface temperatures. Geophysical Research 
Letters, 33, doi:10.1029/2006GL025766.

Douville, H. and J.-F. Royer, 1996: Sensitivity of the Asian sum-
mer monsoon to an anomalous Eurasian snow cover with the 
Meteo-France GCM. Climate Dynamics, 12(7), pp. 449–466.

Duplessy, J.C., N.J. Shackleton, R.G. Fairbanks, L. Labeyrie, D. 
Oppo, and N. Kallel, 1988: Deepwater source variations during 
the last climatic cycle and their impact on the global deepwater 
circulation. Paleoceanography, 3(3), pp. 343–360.

Elderfield, H., J. Yu, P. Anand, T. Kiefer, and B. Nyland, 2006: 
Calibrations for benthic foraminiferal Mg/Ca paleothermom-
etry and the carbonate ion hypothesis. Earth and Planetary Sci-
ence Letters, 250(3–4), pp. 633–649.

Elliot, M., L. Labeyrie, and J.-C. Duplessy, 2002: Changes in 
North Atlantic deep-water formation associated with the Dan-
sgaard-Oeschger temperature oscillations (60–10 ka). Quater-
nary Science Reviews, 21(10), pp. 1153–1165.

Ellison, C.R.W., M.R. Chapman, and I.R. Hall, 2006: Surface 
and deep ocean interactions during the cold climate event 
8200 years ago. Science, 312, doi:10.1126/science.1127213, 
pp. 1929–1932.

Enfield, D.B., A.M. Mestas-Nuñez, and P.J. Trimble, 2001: The 
Atlantic multidecadal oscillation and its relation to rainfall and 
river flows in the continental U.S. Geophysical Research Let-
ters, 28(10), pp. 2077–2080.

EPICA Community Members, 2006: One-to-one coupling of 
glacial climate variability in Greenland and Antarctica. Nature, 
444, pp. 195–198, doi:10.1038/nature05301.

Flower, B.P., D.W. Hastings, H.W. Hill, and T.M. Quinn, 2004: 
Phasing of deglacial warming and Laurentide Ice Sheet melt-
water in the Gulf of Mexico. Geology, 32(7), pp. 597–600.

Folland, C.K., T.N. Palmer, and D.E. Parker, 1986: Sahel rain-
fall and worldwide sea temperatures, 1901−85. Nature, 320, 
pp. 602–607, doi:10.1038/320602a0.

Ganachaud, A., 2003a: Large-scale mass transports, wa-
ter mass formation, and diffusivities estimated from World 
Ocean Circulation Experiment (WOCE) hydrographic 
data. Journal of Geophysical Research, 108(C7), 3213, 
doi:10.1029/2002JC001565.

Ganachaud, A., 2003b: Error budget of inverse box models: The 
North Atlantic. Journal of Atmospheric and Oceanic Technol-
ogy, 20, pp. 1641–1655.

Ganachaud, A. and C. Wunsch, 2000: Improved estimates of 
global ocean circulation, heat transport and mixing from hydro-
graphic data. Nature, 408, pp. 453–457, doi:10.1038/35044048.

Giannini, A., R. Saravanan, and P. Chang, 2003: Oceanic forc-
ing of Sahel rainfall on interannual to interdecadal time 
scales. Science, 302(5647), pp. 1027–1030, doi: 10.1126/sci-
ence.1089357.

Gildor, H. and E. Tziperman, 2001: A sea ice climate switch 
mechanism for the 100-kyr glacial cycles. Journal of Geophys-
ical Research, 106(C5), pp. 9117–9133.

Girton, J.G. and T.B. Sanford, 2003: Descent and modification of 
the overflow plume in the Denmark Strait. Journal of Physical 
Oceanography, 33(7), pp. 1351–1364.

Gnanadesikan, A., R.D. Slater, P.S. Swathi, and G.K. Vallis, 
2005: The energetics of ocean heat transport. Journal of Cli-
mate, 18, pp. 2604–2616.

Goldenberg, S.B., C.W. Landsea, A.M. Mestas-Nuñez, and 
W.M. Gray, 2001: The recent increase in Atlantic hurricane 
activity: Causes and implications. Science, 293, pp. 474–479, 
doi:10.1126/science.1060040.

Gordon, A.L., 1986: Inter-ocean exchange of thermocline water. 
Journal of Geophysical Research—Oceans, 91(C4), pp. 5037–
5046.



The U.S. Climate Change Science Program References

224

Gregory, J.M., K.W. Dixon, R.J. Stouffer, A.J. Weaver, E. 
Driesschaert, M. Eby, T. Fichefet, H. Hasumi, A. Hu, and J.H. 
Jungclaus, 2005: A model intercomparison of changes in the 
Atlantic thermohaline circulation in response to increasing at-
mospheric CO2 concentration. Geophysical Research Letters, 
32, L12703, doi:10.1029/2005GL023209.

Grootes, P.M., M. Stuiver, J.W.C. White, S. Johnsen, and J. Jouzel, 
1993: Comparison of oxygen isotope records from the GISP2 
and GRIP Greenland ice cores. Nature, 366, pp. 552–554.

Gupta, A.K., D.M. Anderson, and J.T. Overpeck, 2003: Abrupt 
changes in the Asian southwest monsoon during the Holo-
cene and their links to the North Atlantic Ocean. Nature, 421, 
pp. 354–357.

Hagen, S. and L.D. Keigwin, 2002: Sea-surface temperature vari-
ability and deep water reorganisation in the subtropical North 
Atlantic during Isotope Stage 2-4. Marine Geology, 189, 
pp. 145–162.

Hall, I.R., G.G. Bianchi, and J.R. Evans, 2004: Centennial to mil-
lennial scale Holocene climate-deep water linkage in the North 
Atlantic. Quaternary Science Reviews, 23, pp. 1529–1536.

Hall, M.M. and H.L. Bryden, 1982: Direct estimates and mecha-
nisms of ocean heat transport. Deep-Sea Research Part A—
Oceanographic Research Papers, 29, pp. 339–359.

Hallberg, R. and A. Gnanadesikan, 2006: The role of eddies in 
determining the structure and response of the wind-driven 
Southern Hemisphere overturning: Results from the Model-
ing Eddies in the Southern Ocean (MESO) Project. Journal of 
Physical Oceanography, 36, pp. 2232–2252.

Hammer, C.U., H.B. Clausen, and C.C. Langway, Jr., 1994: Elec-
trical conductivity method (ECM) stratigraphic dating of the 
Byrd Station ice core, Antarctica. Annals of Glaciology, 20, 
pp. 115–120.

Haug, G.H., K.A. Hughen, D.M. Sigman, L.C. Peterson, and U. 
Röhl, 2001: Southward migration of the Intertropical Conver-
gence Zone through the Holocene. Science, 293, pp.  1304–
1308.

Held, I.M., T.L. Delworth, J. Lu, K.L. Findell, and T.R. Knut-
son, 2005: Simulation of Sahel drought in the 20th and 21st 
centuries. Proceedings of the National Academy of Sciences, 
102(50), pp. 17,891–17,896.

Hemming, S.R., 2004: Heinrich events: Massive late Pleis-
tocene detritus layers of the North Atlantic and their glob-
al climate imprint. Reviews of Geophysics, 42, RG1005, 
doi:10.1029/2003RG000128.

Hendy, I.L. and J.P. Kennett, 2000: Dansgaard-Oeschger cycles 
and the California Current System: Planktonic foraminifer-
al response to rapid climate change in Santa Barbara Basin, 
Ocean Drilling Program hole 893A. Paleoceanography, 15(1), 
pp. 30–42.

Hewitt, C.D., A.J. Broccoli, M. Crucifix, J.M. Gregory, J.F.B. 
Mitchell, and R.J. Stouffer, 2006: The effect of a large fresh-
water perturbation on the glacial North Atlantic ocean using 
a coupled general circulation model. Journal of Climate, 19, 
pp. 4436–4447.

Hillaire-Marcel, C., A. de Vernal, G. Bilodeau, and A.J. Weaver, 
2001: Absence of deep-water formation in the Labrador Sea 
during the last interglacial period. Nature, 410, pp. 1073–1077.

Holland, M.M., C.M. Bitz, and B. Tremblay, 2006: Future abrupt 
reductions in the summer Arctic sea ice. Geophysical Research 
Letters, 33, L23503, doi:10.1029/2006GL028024.

Hu, A., G.A. Meehl, W.M. Washington, and A. Dai, 2004: Re-
sponse of the Atlantic thermohaline circulation to increased 
atmospheric CO2 in a coupled model. Journal of Climate, 17, 
pp. 4267–4279.

Huber, C., M. Leuenberger, R. Spahni, J. Fluckiger, J. Schwan-
der, T.F. Stocker, S. Johnsen, A. Landais, and J. Jouzel, 2006: 
Isotope calibrated Greenland temperature record over Marine 
Isotope Stage 3 and its relation to CH4. Earth and Planetary 
Science Letters, 243, pp. 504–519.

Hughen, K.A., J.R. Southon, S.J. Lehman, and J.T. Overpeck, 
2000: Synchronous radiocarbon and climate shifts during the 
last deglaciation. Science, 290, pp. 1951–1954.

Hughes, G.O. and R.W. Griffiths, 2006: A simple convective 
model of the global overturning circulation, including effects 
of entrainment into sinking regions. Ocean Modelling, 12, 
pp. 46–79.

Jia, Y., 2003: Ocean heat transport and its relationship to ocean 
circulation in the CMIP coupled models. Climate Dynamics, 
20, pp. 153–174.

Johnsen, S.J., H.B. Clausen, W. Dansgaard, K. Fuhrer, N. Gun-
destrup, C.U. Hammer, P. Iversen, J. Jouzel, B. Stauffer, and 
J.P. Steffensen, 1992: Irregular glacial interstadials recorded in 
a new Greenland ice core. Nature, 359, pp. 311–313.

Johnsen, S.J., W. Dansgaard, H.B. Clausen, and C.C. Langway, 
Jr., 1972: Oxygen isotope profiles through the Antarctic and 
Greenland ice sheets. Nature, 235, pp. 429–434.

Johnson, R.G. and B.T. McClure, 1976: A model for Northern 
Hemisphere continental ice sheet variation. Quaternary Re-
search, 6, pp. 325–353.

Jungclaus, J.H., H. Haak, M. Esch, E. Roeckner, and J. Ma-
rotzke, 2006: Will Greenland melting halt the thermoha-
line circulation? Geophysical Research Letters, 33, L17708, 
doi:10.1029/2006GL026815.

Kanzow, T., S.A. Cunningham, D. Rayner, J.-M. Hirschi, W.E. 
Johns, M.O. Baringer, H.L. Bryden, L.M. Beal, C.S. Meinen, 
and J. Marotzke, 2007: Observed flow compensation associat-
ed with the MOC at 26.5°N in the Atlantic. Science, 317(5840), 
pp. 938–941.

Keigwin, L.D., 2004: Radiocarbon and stable isotope constraints 
on Last Glacial Maximum and Younger Dryas ventilation in 
the western North Atlantic. Paleoceanography, 19, PA4012, 
doi:10.1029/2004PA001029.

Keigwin, L.D. and E.A. Boyle, 2000: Detecting Holocene changes 
in thermohaline circulation. Proceedings of the National Acad-
emy of  Sciences, 97, pp. 1343–1346.

Keigwin, L.D., J.P. Sachs, Y. Rosenthal, and E.A. Boyle, 2005: 
The 8200 year BP event in the slope water system, western 
subpolar North Atlantic. Paleoceanography, 20, PA2003, 
doi:10.1029/2004PA001074.

Keigwin, L.D. and M.A. Schlegel, 2002: Ocean ventilation and 
sedimentation since the glacial maximum at 3 km in the west-
ern North Atlantic. Geochemistry, Geophysics, Geosystems, 3, 
1034, doi:10.1029/2001GC000283.



225

Abrupt Climate Change

Kissel, C., C. Laj, L. Labeyrie, T. Dokken, A. Voelker, and D. Bla-
mart, 1999: Rapid climatic variations during marine isotopic 
stage 3: Magnetic analysis of sediments from Nordic Seas and 
North Atlantic. Earth and Planetary Science Letters, 171(3), 
pp. 489–502.

Kleiven, H.F., C. Kissel, C. Laj, U.S. Ninnemann, T.O. Richter, 
and E. Cortijo, 2008: Reduced North Atlantic deep water co-
eval with the glacial lake Agassiz freshwater outburst. Science, 
319, pp. 60–64.

Knight, J.R., R.J. Allan, C.K. Folland, M. Vellinga, and M.E. 
Mann, 2005: A signature of persistent natural thermohaline 
circulation cycles in observed climate. Geophysical Research 
Letters, 32, L20708, doi:10.1029/2005GL024233.

Knight, J.R., C.K. Folland, and A.A. Scaife, 2006: Climate im-
pacts of the Atlantic Multidecadal Oscillation. Geophysical 
Research Letters, 33, L17706, doi:10.1029/2006GL026242.

Koltermann, K.P., A.V. Sokov, V.P. Tereschenkov, S.A. Dobroli-
ubov, K. Lorbacher, and A. Sy, 1999: Decadal changes in the 
thermohaline circulation of the North Atlantic. Deep-Sea Re-
search, Part II. Topical Studies in Oceanography, 46, pp. 109–
138.

Koutavas, A., J. Lynch-Stieglitz, T.M. Marchitto, Jr., and J.P. 
Sachs, 2002: El Niño-like pattern in Ice Age tropical Pacific 
sea surface temperature. Science, 297, pp. 226–230.

Kucera, M., M. Weinelt, T. Kiefer, U. Pflaumann, A. Hayesa, M. 
Weinelt, M.-T. Chen, A.C. Mix, T.T. Barrows, E. Cortijo, J. 
Duprat, S. Juggins, and C. Waelbroec, 2005: Reconstruction of 
sea-surface temperatures from assemblages of planktonic fora-
minifera: Multi-technique approach based on geographically 
constrained calibration data sets and its application to glacial 
Atlantic and Pacific Oceans. Quaternary Science Reviews, 
24(7–9), pp. 951–998.

Kuhlbrodt, T., A. Griesel, M. Montoya, A. Levermann, M. Hof-
mann, and S. Rahmstorf, 2007: On the driving processes of the 
Atlantic meridional overturning circulation. Reviews of Geo-
physics, 45, RG2001, doi:10.1029/2004RG000166.

Landsea, C.W., 2005: Hurricanes and global warming. Nature, 
438, doi:10.1038/nature04477.

Latif, M., C. Böning, J. Willebrand, A. Biastoch, J. Dengg, N. 
Keenlyside, and U. Schweckendiek, 2006: Is the thermohaline 
circulation changing? Journal of Climate, 19, pp. 4631–4637.

Lavin, A., H.L. Bryden, and G. Parilla, 1998: Meridional transport 
and heat flux variations in the subtropical North Atlantic. The 
Global Atmosphere and Ocean System, 6, pp. 269–293.

Lea, D.W., D.K. Pak, and H.J. Spero, 2000: Climate impact of late 
Quaternary equatorial Pacific sea surface temperature varia-
tions. Science, 289, pp. 1719–1724.

LeGrande, A.N., G.A. Schmidt, D.T. Shindell, C.V. Field, R.L. 
Miller, D.M. Koch, G. Faluvegi, and G. Hoffmann, 2006: Con-
sistent simulations of multiple proxy responses to an abrupt 
climate change event. Proceedings of the National Academy of 
Sciences, 103, pp. 837–842.

Levermann, A., A. Griesel, M. Hofmann, M. Montoya, and S. 
Rahmstorf, 2005: Dynamic sea level changes following chang-
es in the thermohaline circulation. Climate Dynamics, 24, 
pp. 347–354, doi: 10.1007/s00382-004-0505-y.

Levitus, S., J.I. Antonov, J. Wang, T.L. Delworth, K.W. Dixon, 
and A.J. Broccoli, 2001: Anthropogenic warming of Earth’s 
climate system. Science, 292(5515), pp. 267–270.

Li, C., D.S. Battisti, D.P. Schrag, and E. Tziperman, 2005: 
Abrupt climate shifts in Greenland due to displacements 
of the sea ice edge. Geophysical Research Letters, 32, 
doi:10.1029/2005GL023492.

Lu, J. and T.L. Delworth, 2005: Oceanic forcing of the late 20th 
century Sahel drought. Geophysical Research Letters, 32, 
L22706, doi:10.1029/2005GL023316.

Lumpkin, R. and K. Speer, 2003: Large-scale vertical and hori-
zontal circulation in the North Atlantic Ocean. Journal of Phys-
ical Oceanography, 33, pp. 1902–1920.

Lumpkin, R. and K. Speer, 2007: Global ocean meridional over-
turning. Journal of Physical Oceanography, 37, pp.  2550–
2562.

Lund, D.C., J. Lynch-Stieglitz, and W.B. Curry, 2006: Gulf Stream 
density structure and transport during the past millennium. Na-
ture, 444, pp. 601–604.

Lynch-Stieglitz, J., J.F. Adkins, W.B. Curry, T. Dokken, I.R. Hall, 
J.C. Herguera, J.J.-M. Hirschi, E.V. Ivanova, C. Kissel, O. 
Marchal, T.M. Marchitto, I.N. McCave, J.F. McManus, S. Mu-
litza, U. Ninnemann, F. Peeters, E.-F. Yu, and R. Zahn, 2007: 
Atlantic meridional overturning circulation during the Last 
Glacial Maximum. Science, 316(5821), pp. 66–69.

Lynch-Stieglitz, J., W.B. Curry, D.W. Oppo, U.S. Ninneman, 
C.D. Charles, and J. Munson,  2006: Meridional overturn-
ing circulation in the South Atlantic at the last glacial maxi-
mum. Geochemistry, Geophysics, Geosystems, 7, Q10N03, 
doi:10.1029/2005GC001226.

Lynch-Stieglitz, J., W.B. Curry, and N. Slowey, 1999: Weaker 
Gulf Stream in the Florida Straits during the Last Glacial Maxi-
mum. Nature, 402, pp. 644–648.

Macrander, A., U. Send, H. Vadimarsson, S. Jónsson, and 
R.H. Käse, 2005: Interannual changes in the overflow 
from the Nordic Seas into the Atlantic Ocean through Den-
mark Strait. Geophysical Research Letters, 32, L06606, 
doi:10.1029/2004GL021463.

Manabe, S. and R.J. Stouffer, 1988: Two stable equilibria of a 
coupled ocean-atmosphere model. Journal of Climate, 1, 
pp. 841–866.

Manabe, S. and R.J. Stouffer, 1994: Multiple-century response 
of a coupled ocean-atmosphere model to an increase of atmo-
spheric carbon dioxide. Journal of Climate, 7, pp. 5–23.

Manighetti, B. and I.N. McCave, 1995: Late glacial and Holocene 
palaeocurrents around Rockall Bank, NE Atlantic Ocean. Pale-
oceanography, 10(3), pp. 611–626.

Mann, M.E. and K.A. Emanuel, 2006: Atlantic hurricane trends 
linked to climate change. Eos, Transactions, American Geo-
physical Union, 87(24), doi:10.1029/2006EO240001.

Marchal, O., R. Francois, T.F. Stocker, and F. Joos, 2000: Ocean 
thermohaline circulation and sedimentary Pa-231/Th-230 ra-
tio. Paleoceanography, 15, pp. 625–641.

Marchitto, T.M. and W.S. Broecker, 2006: Deep water mass ge-
ometry in the glacial Atlantic Ocean: A review of constraints 
from the paleonutrient proxy Cd/Ca. Geochemistry, Geophys-
ics, Geosystems, 7, Q12003, doi:10.1029/2006GC001323.



The U.S. Climate Change Science Program References

226

Marchitto, T.M., W.B. Curry, and D.W. Oppo,  1998: Millennial-
scale changes in North Atlantic circulation since the last glacia-
tion. Nature, 393(6685), pp. 557–561.

Masson-Delmotte, V., J. Jouzel, A. Landais, M. Stievenard, S.J. 
Johnsen, J.W.C. White, M. Werner, A. Sveinbjornsdottir, and 
K. Fuhrer, 2005: GRIP deuterium excess reveals rapid and 
orbital-scale changes in Greenland moisture origin. Science, 
309, pp. 118–121.

McCabe, G.J., M.A. Palecki, and J.L. Betancourt, 2004: Pacific 
and Atlantic Ocean influences on multidecadal drought fre-
quency in the United States. Proceedings of the National Acad-
emy of Sciences, 101, pp. 4136–4141.

McCave, I.N. and I.R. Hall, 2006: Size sorting in marine muds: 
Processes, pitfalls, and prospects for paleoflow-speed prox-
ies. Geochemistry, Geophysics, Geosystems, 7, Q10N05, 
doi:10.1029/2006GC001284.

McCave, I.N., B. Manighetti, and N.A.S. Beveridge, 1995: Cir-
culation in the glacial North Atlantic inferred from grain-size 
measurements. Nature, 374, pp. 149–152.

McManus, J.F., R. Francois, J.-M. Gherardi, L.D. Keigwin, and S. 
Brown-Leger, 2004: Collapse and rapid resumption of Atlantic 
meridional circulation linked to deglacial climate changes. Na-
ture, 428, pp. 834–837.

Meehl, G.A., T.F. Stocker, W.D. Collins, P. Friedlingstein, A.T. 
Gaye, J.M. Gregory, A. Kitoh, R. Knutti, J.M. Murphy, A. 
Noda, S.C.B. Raper, I.G. Watterson, A.J. Weaver, and Z.-C. 
Zhao, 2007: Global climate projections. In: Climate Change 
2007: The Physical Science Basis. Contribution of Working 
Group I to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change [Solomon, S., D. Qin, M. 
Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and 
H.L. Miller (eds.)]. Cambridge University Press, Cambridge, 
United Kingdom, and New York, NY, USA, pp. 747–845.

Meissner, K.J. and P.U. Clark, 2006: Impact of floods versus rout-
ing events on the thermohaline circulation. Geophysical Re-
search Letters, 33, L26705, doi:10.1029/2006GL026705.

Mikolajewicz, U., T.J. Crowley, A. Schiller, and R. Voss, 1997: 
Modelling teleconnections between the North Atlantic and 
North Pacific during the Younger Dryas. Nature, 387, pp. 384–
387.

Mikolajewicz, U. and R. Voss, 2000: The role of the individual 
air-sea flux components in CO2-induced changes of the ocean’s 
circulation and climate. Climate Dynamics, 16, pp. 627–642.

Munk, W.H., 1966: Abyssal recipes. Deep Sea Research 
and Oceanographic Abstracts, 13,  doi:10.1016/0011-
7471(66)90602-4.

Munk, W. and C. Wunsch, 1998: Abyssal recipes II: Energetics of 
tidal and wind mixing. Deep Sea Research Part I: Oceanograph-
ic Research Papers, 45, doi:10.1016/S0967-0637(98)00070-3.

North, G.R., 1984: The small ice cap instability in diffusive 
climate models. Journal of the Atmospheric Sciences, 41, 
pp. 3390–3395.

Oort, A., L.A. Anderson, and J.P. Peixoto, 1994: Estimates of the 
energy cycle of the oceans. Journal of Geophysical Research, 
99, pp. 7665–7688.

Oppo, D.W., J.F. McManus, and J.L. Cullen, 2003: Deepwater 
variability in the Holocene epoch. Nature, 422, pp. 277–278.

Otto-Bliesner, B.L., C.D. Hewitt, T.M. Marchitto, E. Brady, A. 
Abe-Ouchi, M. Crucifix, S. Murakami, and S.L. Weber, 2007: 
Last Glacial Maximum ocean thermohaline circulation: PMIP2 
model intercomparison and data constraints. Geophysical Re-
search Letters, 34, L12706, doi:10.1029/2007GL029475.

Paul, A. and C. Schafer-Neth, 2003: Modeling the water masses of 
the Atlantic Ocean at the Last Glacial Maximum. Paleocean-
ography, 18(3), 1058, doi:10.1029/2002PA000783.

Peltier, W.R., G. Vettoretti, and M. Stastna, 2006: Atlan-
tic meridional overturning and climate response to Arc-
tic Ocean freshening. Geophysical Research Letters, 33, 
doi:10.1029/2005GL025251.

Peterson, B.J., R.M. Holmes, J.W. McClelland, C.J. Vörösmarty, 
R.B. Lammers, A.I. Shiklomanov, I.A. Shiklomanov, and 
S. Rahmstorf, 2002: Increasing river discharge to the Arctic 
Ocean. Science, 298(5601), pp. 2171–2173, doi:10.1126/sci-
ence.1077445.

Peterson, B.J., J. McClelland, R. Curry, R.M. Holmes, J.E. 
Walsh, and K. Aagaard, 2006: Trajectory shifts in the Arctic 
and Subarctic freshwater cycle. Science, 313, doi:10.1126/sci-
ence.1122593, pp. 1061–1066.

Peterson, L.C., G.H. Haug, K.A. Hughen, and U. Röhl, 2000: 
Rapid changes in the hydrologic cycle of the tropical Atlan-
tic during the last glacial. Science, 290, pp. 1947–1951, doi: 
10.1126/science.290.5498.1947.

Pflaumann, U., M. Sarnthein, M. Chapman, L. d’Abreu, B. Fun-
nell, M. Huels, T. Kiefer, M. Maslin, H. Schulz, J. Swallow, 
S. van Kreveld, M. Vautravers, E. Vogelsang, and M. Weinelt, 
2003: Glacial North Atlantic: Sea-surface conditions recon-
structed by GLAMAP 2000. Paleoceanography, 18, 1065, 
doi:10.1029/2002PA000774.

Piotrowski, A.M., S.L. Goldstein, S.R. Hemming, and R.G. Fair-
banks, 2004: Intensification and variability of ocean thermo-
haline circulation through the last deglaciation. Earth and 
Planetary Science Letters, 225, pp. 205–220,  doi:10.1016/j.
epsl.2004.06.002.

Piotrowski, A.M., S.L. Goldstein, S.R. Hemming, and R.G. 
Fairbanks, 2005: Temporal relationships of carbon cycling 
and ocean circulation at glacial boundaries. Science, 307, 
pp. 1933–1938, doi: 10.1126/science.1104883.

Rahmstorf, S., 2002: Ocean circulation and climate during the 
past 120,000 years. Nature, 419, pp. 207–214.

Rahmstorf, S. and A. Ganopolski, 1999: Long-term global warm-
ing scenarios computed with an efficient coupled climate mod-
el. Climatic Change, 43, pp. 353–367.

Randall, D.A.,  R.A. Wood, S. Bony, R. Colman, T. Fichefet, 
J. Fyfe, V. Kattsov, A. Pitman, J. Shukla, J. Srinivasan, R.J. 
Stouffer, A. Sumi, and K.E. Taylor, 2007: Climate models and 
their evaluation. In: Climate Change 2007: The Physical Sci-
ence Basis. Contribution of Working Group I to the Fourth As-
sessment Report of the Intergovernmental Panel on Climate 
Change [Solomon, S., D. Qin, M. Manning, Z. Chen, M. Mar-
quis, K.B. Averyt, M. Tignor, and H.L. Miller (eds.)]. Cam-
bridge University Press, Cambridge, United Kingdom, and 
New York, NY, USA, pp. 589–662.



227

Abrupt Climate Change

Rasmussen, T.L., E. Thomsen, S.R. Troelstra, A. Kuijpers, and 
M.A. Prins, 2002: Millennial-scale glacial variability versus 
Holocene stability: Changes in planktic and benthic foramin-
ifera faunas and ocean circulation in the North Atlantic during 
the last 60000 years. Marine Micropaleontology, 47, pp. 143–
176.

Rickaby, R.E.M. and H. Elderfield, 2005: Evidence from the high-
latitude North Atlantic for variations in Antarctic Intermediate 
water flow during the last deglaciation. Geochemistry, Geophys-
ics, Geosystems, 6, Q05001, doi:10.1029/2004GC000858.

Ridley, J.K., P. Huybrechts, J.M. Gregory, and J.A. Lowe, 2005: 
Elimination of the Greenland ice sheet in a high CO2 climate. 
Journal of Climate, 17, pp. 3409–3427.

Roberts, M.J., H. Banks, N. Gedney, J. Gregory, R. Hill, S. 
Mullerworth, A. Pardaens, G. Rickard, R. Thorpe, and R. 
Wood, 2004: Impact of an eddy-permitting ocean resolution on 
control and climate change simulations with a global coupled 
GCM. Journal of Climate, 17, pp. 3–20.

Roberts, M.J. and R.A. Wood, 1997: Topographic sensitivity 
studies with a Bryan-Cox type ocean model. Journal of Physi-
cal Oceanography, 27, pp. 823–836.

Robinson, L.F., J.F. Adkins, L.D. Keigwin, J. Southon, D.P. Fer-
nandez, S.-L. Wang, and D.S. Scheirer, 2005: Radiocarbon 
variability in the western North Atlantic during the last degla-
ciation. Science, 310, 5753, pp. 1469–1473.

Roemmich, D. and C. Wunsch, 1985: Two transatlantic sections: 
Meridional circulation and heat flux in the subtropical North 
Atlantic Ocean. Deep Sea Research, 32(6), pp. 619–664.

Rooth, C., 1982: Hydrology and ocean circulation. Progress in 
Oceanography, 11, pp. 131–149.

Rossby, T., 1996: The North Atlantic current and surrounding wa-
ters: At the crossroads. Reviews of  Geophysics, 34, pp. 463–
481.

Ruddiman, W.F. and A. McIntyre, 1981: The mode and mecha-
nism of the last deglaciation: Oceanic evidence. Quaternary 
Research, 16, pp. 125–134.

Rumford, B., Count of, 1800: Essay VII, The propagation of heat 
in fluids. In: Essays, Political, Economical, and Philosophical, 
A New Edition [Cadell, T., Jr., and W. Davies (eds.)]. London, 
pp. 197–386.

Rutberg, R.L., S.R. Hemming, and S.L. Goldstein, 2000: Re-
duced North Atlantic deep water flux to the glacial Southern 
Ocean inferred from neodymium isotope ratios. Nature, 405, 
6789, pp. 935–938.

Samelson, R.M., 2004: Simple mechanistic models of middepth 
meridional overturning. Journal of Physical Oceanography, 
34, pp. 2096–2103.

Sandström, J.W., 1908: Dynamische versuche mit meerwasser. 
Annales Hydrographiques Mar. Meteorol., 36, pp. 6–23. 

Sarnthein, M., K. Winn, S.J.A. Jung, J.C. Duplessy, L. Labeyrie, 
H. Erlenkeuser, and G. Ganssen, 1994: Changes in east Atlan-
tic deepwater circulation over the last 30,000 years: Eight time 
slice reconstructions. Paleoceanography, 9, pp. 209–267.

Schaeffer, M., F.M. Selten, J.D. Opsteegh, and H. Goosse, 2002: 
Intrinsic limits to predictability of abrupt regional climate 
change in IPCC SRES scenarios. Geophysical Research Let-
ters, 29, doi:10.1029/2002GL015254.

Schmittner, A., 2005: Decline of the marine ecosystem caused 
by a reduction in the Atlantic overturning circulation. Nature, 
434, pp. 628–633.

Schmittner, A., E.D. Galbraith, S.W. Hostetler, T.F. Peder-
sen, and R. Zhang, 2007: Large fluctuations of dissolved 
oxygen in the Indian and Pacific oceans during Dansgaard-
Oeschger oscillations caused by variations of North Atlantic 
deep water subduction. Paleooceanography, 22, PA3207, 
doi:10.1029/2006PA001384.

Schmittner, A., M. Latif, and B. Schneider, 2005: Model projec-
tions of the North Atlantic thermohaline circulation for the 21st 
century assessed by observations. Geophysical Research Let-
ters, 32, L23710, doi:10.1029/2005GL024368.

Schmittner, A., K.J. Meissner, M. Eby, and A.J. Weaver, 2002: 
Forcing of the deep ocean circulation in simulations of 
the Last Glacial Maximum. Paleoceanography, 17, 1015, 
doi:10.1029/2001PA000633.

Schneider, B., M. Latif, and A. Schmittner, 2007: Evaluation of 
different methods to assess model projections of future evolu-
tion of the Atlantic meridional overturning circulation. Journal 
of Climate, 20, pp. 2121–2132.

Schweckendiek, U. and J. Willebrand, 2005: Mechanisms for the 
overturning response in global warming simulations. Journal 
of Climate, 18, pp. 4925–4936.

Seager, R. and D.S. Battisti, 2007: Challenges to our understand-
ing of the general circulation: Abrupt climate change. In: The 
Global Circulation of the Atmosphere [Schneider, T., and A.H. 
Sobel (eds.)]. Princeton University Press, Princeton, NJ.

Shackleton, N.J., M.A. Hall, and E. Vincent, 2000: Phase rela-
tionships between millennial scale events 64,000–24,000 years 
ago. Paleoceanography, 15(6), pp. 565–569.

Siddall, M., T.F. Stocker, G.M. Henderson, F. Joos, M. Frank, 
N.R. Edwards, S.P. Ritz, and S.A. Müller, 2007: Modeling the 
relationship between 231Pa/230Th distribution in North Atlantic 
sediment and Atlantic meridional overturning circulation. Pa-
leoceanography, 22, PA2214, doi:10.1029/2006PA001358.

Skinner, L.C. and H. Elderfield, 2007: Rapid fluctuations in the 
deep North Atlantic heat budget during the last glacial period. 
Paleoceanography, 22, PA1205, doi:10.1029/ 2006PA001338.

Sloyan, B.M. and S.R. Rintoul, 2001: The southern Ocean limb 
of the global deep overturning circulation. Journal of Physical 
Oceanography, 31, pp. 143–173.

Smethie, W.M., Jr., and R.A. Fine, 2001: Rates of North Atlantic 
deep water formation calculated from chlorofluorocarbon in-
ventories. Deep Sea Research Part I: Oceanographic Research 
Papers, 48, pp. 189–215.

Smith, R.D., M.E. Maltrud, F.O. Bryan, and M.W. Hecht, 2000: 
Numerical simulation of the North Atlantic Ocean at 1/10°. 
Journal of Physical Oceanography, 30, pp. 1532–1561.

Sowers, T. and M. Bender, 1995: Climate records covering the last 
deglaciation. Science, 269, pp. 210–214.

Stammer, D., C. Wunsch, R. Giering, C. Eckert, P. Heimbach, 
J. Marotzke, A. Adcroft, C.N. Hill, and J. Marshall, 2003: 
Volume, heat, and freshwater transports of the global ocean 
circulation 1993–2000, estimated from a general circulation 
model constrained by World Ocean Circulation Experiment 
(WOCE) data. Journal of Geophysical Research, 108, 3007, 
doi:10.1029/2001JC001115.



The U.S. Climate Change Science Program References

228

Stocker, T.F. and S.J. Johnsen, 2003: A minimum thermody-
namic model for the bipolar seesaw. Paleoceanography, 18, 
doi:10.1029/2003PA000920.

Stommel, H.M., 1958: The abyssal circulation. Deep-Sea Re-
search, 5, pp. 80–82.

Stoner, J.S., J.E.T. Channell, C. Hillaire-Marcel, and C. Kissel, 
2000: Geomagnetic paleointensity and environmental record 
from Labrador Sea core MD95-2024: Global marine sediment 
and ice core chronostratigraphy for the last 110 kyr. Earth and 
Planetary Science Letters, 183, pp. 161–177.

Stott, L., C. Poulsen, S. Lund, and R. Thunell, 2002: Super ENSO 
and global climate oscillations at millennial time scales. Sci-
ence, 297, pp. 222–226.

Stouffer, R.J. and S. Manabe, 1999: Response of a coupled ocean-
atmosphere model to increasing atmospheric carbon dioxide: 
Sensitivity to the rate of increase. Journal of Climate, 12, 
pp. 2224–2237.

Stouffer, R.J. and S. Manabe, 2003: Equilibrium response of ther-
mohaline circulation to large changes in atmospheric CO2 con-
centration. Climate Dynamics, 20, pp. 759–773.

Stouffer, R.J., J. Yin, J.M. Gregory, K.W. Dixon, M.J. Spelman, 
W. Hurlin, A.J. Weaver, M. Eby, G.M. Flato, H. Hasumi, A. 
Hu, J.H. Jungclaus, I.V. Kamenkovich, A. Levermann, M. 
Montoya, S. Murakami, S. Nawrath, A. Oka, W.R. Peltier, D.Y. 
Robitaille, A.P. Sokolov, G. Vettoretti, and N. Weber, 2006: In-
vestigating the causes of the response of the thermohaline cir-
culation to past and future climate changes. Journal of Climate, 
19, pp. 1365–1387.

Stroeve, J., M.M. Holland, W. Meier, T. Scambos, and M. Serreze, 
2007: Arctic sea ice decline: Faster than forecast, Geophysical 
Research Letters, 34, L09501, doi:10.1029/2007GL029703.

Stuiver, M. and P.M. Grootes, 2000: GISP2 oxygen isotope ratios. 
Quaternary Research, 53, pp. 277–284.

Sutton, R.T. and D.L.R. Hodson, 2005: Atlantic Ocean forcing of 
North American and European summer climate. Science, 309, 
pp. 115–118.

Sutton, R.T. and D.L.R.  Hodson, 2007: Climate response to ba-
sin-scale warming and cooling of the North Atlantic Ocean. 
Journal of Climate, 20, pp. 891–907.

Talley, L.D., J.L. Reid, and P.E. Robbins, 2003: Data-based me-
ridional overturning streamfunctions for the global ocean. 
Journal of Climate, 16, pp. 3213–3226.

Tang, Y.M. and M.J. Roberts, 2005: The impact of a bottom 
boundary layer scheme on the North Atlantic Ocean in a Glob-
al Coupled Climate Model. Journal of Physical Oceanogra-
phy, 35, pp. 202–217.

Thorpe, R.B., R.A. Wood, and J.F.B. Mitchell, 2004: The sensitiv-
ity of the thermohaline circulation response to preindustrial and 
anthropogenic greenhouse gas forcing to the parameterization 
of mixing across the Greenland-Scotland ridge. Ocean Model-
ling, 7, pp. 259–268,  doi:10.1016/S1463-5003(03)00043-X. 

Timmermann, A., S.-I. An, U. Krebs, and H. Goosse, 2005a: 
ENSO suppression due to weakening of the Atlantic thermoha-
line circulation. Journal of Climate, 18, pp. 3122–3139.

Timmermann, A., U. Krebs, F. Justino, H. Goosse, and T. Ivano-
chko, 2005b: Mechanisms for millennial-scale global synchro-
nization during the last glacial period. Paleoceanography, 20, 
PA4008, doi:10.1029/2004PA001090.

Timmermann, A., Y. Okumura, S.-I. An, A. Clement, B. Dong, E. 
Guilyardi, A. Hu,  J.H. Jungclaus, M. Renold, T.F. Stocker, R.J. 
Stouffer, R. Sutton, S.-P. Xie, and J. Yin, 2007: The influence 
of a weakening of the Atlantic meridional overturning circula-
tion on ENSO. Journal of Climate, 20, pp. 4899–4919.

Toggweiler, J.R. and B. Samuels, 1993a: Is the magnitude of the 
deep outflow from the Atlantic Ocean actually governed by 
Southern Hemisphere winds? In: The Global Carbon Cycle 
[Heimann, M. and G. Pearman (eds.)]. Proceedings of the 
NATO Advanced Research Institute Workshop on Global Car-
bon Cycle, El Ciocco, Italy, September 8–20, 1991, NATO ASI 
Series I, Global Environmental Change, Volume 15. Springer, 
New York, pp. 303–331.

Toggweiler, J.R. and B. Samuels, 1993b: New radiocarbon con-
straints on the upwelling of abyssal water to the ocean’s surface. 
In: The Global Carbon Cycle [Heimann, M. and G. Pearman 
(eds.)]. Proceedings of the NATO Advanced Research Institute 
Workshop on Global Carbon Cycle, El Ciocco, Italy, Septem-
ber 8–20, 1991, NATO ASI Series I, Global Environmental 
Change, Volume 15. Springer, New York,  pp. 333–366.

Toggweiler, J.R. and B. Samuels, 1995: Effect of Drake passage 
on the global thermohaline circulation. Deep Sea Research 
Part I: Oceanographic Research Papers, 42, pp. 477–500.

Toggweiler, J.R. and B. Samuels, 1998: On the ocean’s large scale 
circulation near the limit of no vertical mixing. Journal of 
Physical Oceanography, 28, pp. 1832–1852.

Toresen, R. and O.J. Østvedt, 2000: Variation in abundance of 
Norwegian spring-spawning herring (Clupea harengus, Clupe-
idae) throughout the 20th century and the influence of climatic 
fluctuations. Fish and Fisheries, 1, pp. 231–256.

U.S. CLIVAR AMOC Planning Team, 2007: Implementation 
strategy for a JSOST near-term priority assessing meridional 
overturning circulation variability: Implications for rapid cli-
mate change. U.S. CLIVAR Report No. 2007-2, Washington, 
DC. 21 pp. http://www.usclivar.org/science_status/AMOC/
AMOC_Strategy_Document.pdf.

Velicogna, I. and J. Wahr, 2006: Acceleration of Greenland ice 
mass loss in spring 2004. Nature, 443, pp. 329–331.

Vellinga, M. and R.A. Wood, 2002: Global climatic impacts of 
a collapse of the Atlantic thermohaline circulation. Climatic 
Change, 54, pp. 251–267.

Vellinga, M.A. and R.A. Wood, 2007: Impacts of thermohaline 
circulation shutdown in the twenty-first century. Climatic 
Change, doi:10.1007/s10584-006-9146-y.

Vikebø, F.B., S. Sundby, B. Adlandsvik, and O.H. Ottera, 2007: 
Impacts of a reduced thermohaline circulation on transport 
and growth of larvae and pelagic juveniles of Arcto-Norwe-
gian cod (Gadus morhua). Fisheries Oceanography, 16(3), 
pp. 216–228.

von Humboldt, A., 1814: Voyage aux regions equinoxiales du 
nouveau continent, fait en 1799–1804 par Al. de Humboldt et 
A. Bonpland. Part 1. Relation historique, 1, F. Schoell, Paris 
[H.M. Williams, translator (3d ed.), 1822, Longman, Hurst, 
Rees, Orme and Brown, London, 1, 293 p.]

Voss, R. and U. Mikolajewicz, 2001: Long-term climate changes 
due to increased CO2 concentration in the coupled atmosphere-
ocean general circulation model ECHAM3/LSG. Climate Dy-
namics, 17, pp. 45–60.



229

Abrupt Climate Change

Wadhams, P., J. Holfort, E. Hansen, and J.P. Wilkinson, 
2002: A deep convective chimney in the winter Green-
land Sea. Geophysical Research Letters, 29(10), 1434, 
doi:10.1029/2001GL014306. 

Wang, X., A.S. Auler, R.L. Edwards, H. Cheng, P.S. Cristalli, P.L. 
Smart, D.A. Richards, and C.-C. Shen, 2004: Wet periods in 
northeastern Brazil over the past 210 kyr linked to distant cli-
mate anomalies. Nature, 432, pp. 740–743.

Wang, Y.J., H. Cheng, R.L. Edwards, Z.S. An, J.Y. Wu, C.-C. 
Shen, and J.A. Dorale, 2001: A high-resolution absolute-dated 
late Pleistocene monsoon record from Hulu Cave, China. Sci-
ence, 294, pp. 2345–2348.

Weaver, A.J., M. Eby, M. Kienast, and O.A. Saenko, 2007: 
Response of the Atlantic meridional overturning circula-
tion to increasing atmospheric CO2: Sensitivity to mean 
climate state. Geophysical Research Letters, 34, L05708, 
doi:10.1029/2006GL028756.

Weaver, A.J. and C. Hillaire-Marcel, 2004a: Ice growth in the 
greenhouse: A seductive paradox but unrealistic scenario. Geo-
science Canada, 31, pp. 77–85.

Weaver, A.J. and C. Hillaire-Marcel, 2004b: Global warming and 
the next ice age. Science, 304, pp. 400–402.

Webb, D.J. and N. Suginohara, 2001: Vertical mixing in the ocean. 
Nature, 409, pp. 37–39.

Weber, S.L., S.S. Drijfhout, A. Abe-Ouchi, M. Crucifix, M. Eby, 
A. Ganopolski, S. Murakami, B. Otto-Bliesner, and W. R. Pelt-
ier, 2007: The modern and glacial overturning circulation in the 
Atlantic ocean in PMIP coupled model simulations. Climate of 
the Past, 3, pp. 51–64.

Wiersma, A.P., H. Renssen, H. Goosse, and T. Fichefet, 2006: 
Evaluation of different freshwater forcing scenarios for the 
8.2 ka BP event in a coupled climate model. Climate Dynam-
ics, 27, pp. 831–849.

Willamowski, C. and R. Zahn, 2000: Upper ocean circulation 
in the glacial North Atlantic from benthic foraminiferal iso-
tope and trace element fingerprinting. Paleoceanography, 15, 
pp. 515–527.

Willebrand, J., B. Barnier, C. Boning, C. Dieterich, P.D. Kill-
worth, C. Le Provost, Y. Jia, J.-M. Molines, and A.L. New, 
2001: Circulation characteristics in three eddy-permitting 
models of the North Atlantic. Progress in Oceanography, 48, 
pp. 123–161.

Winguth, A.M.E., D. Archer, J.-C. Duplessy, E. Maier-Reimer, 
and U. Mikolajewicz, 1999: Sensitivity of paleonutrient tracer 
distributions and deep-sea circulation to glacial boundary con-
ditions. Paleoceanography, 14, pp. 304–323.

Winton, M., 2006: Does the Arctic sea ice have a tip-
ping point? Geophysical Research Letters, 33, L23504, 
doi:10.1029/2006GL028017.

Winton, M., R. Hallberg, and A. Gnanadesikan, 1998: Simula-
tion of density-driven frictional downslope flow in z-coordi-
nate ocean models. Journal of Physical Oceanography, 28, 
pp. 2163–2174.

Wood, R.A., A.B. Keen, J.F.B. Mitchell, and J.M. Gregory, 1999: 
Changing spatial structure of the thermohaline circulation in 
response to atmospheric CO2 forcing in a climate model. Na-
ture, 399, pp. 572–575.

Wood, R.A., M. Vellinga, and R. Thorpe, 2003: Global warming 
and thermohaline circulation stability. Philosophical Transac-
tions of the Royal Society of London Series A, 361, pp. 1961–
1975, doi:10.1098/rsta.2003.1245.

Wu, P., R. Wood, and P. Stott, 2004: Does the recent freshening 
trend in the North Atlantic indicate a weakening thermohaline 
circulation? Geophysical Research Letters, 31(2), L02301, 
doi:10.1029/2003GL018584.

Wunsch, C., 1996: The Ocean Circulation Inverse Problem. Cam-
bridge University Press, Cambridge, United Kingdom, 458 pp.

Wunsch, C., 1998: The work done by the wind on the general 
circulation. Journal of Physical Oceanography, 28, pp. 2332–
2340, doi:10.1175/1520-0485(1998)028.

Wunsch, C., 2003: Determining paleoceanographic circula-
tions, with emphasis on the Last Glacial Maximum. Qua-
ternary Science Reviews, 22, pp. 371–385, doi:10.1016/
S0277-3791(02)00177-4.

Wunsch, C. and R. Ferrari, 2004: Vertical mixing, energy and the 
general circulation of the oceans. Annual Review of Fluid Me-
chanics, 36, pp. 281–314.

Yoshida, Y., K. Maruyama, J. Tsutsui, N. Nakashiki, F.O. Bryan, 
M. Blackmon, B.A. Boville, and R.D. Smith, 2005: Multi-
century ensemble global warming projections using the Com-
munity Climate System Model (CCSM3). Journal of the Earth 
Simulator, 3, pp. 2–10.

Yu, E.-F., R. Francois, and M.P. Bacon, 1996: Similar rates of 
modern and last-glacial ocean thermohaline circulation in-
ferred from radiochemical data. Nature, 379, pp. 689–694.

Zahn, R., J. Schonfeld, H.-R. Kudrass, M.-H. Park, H. Erlenkeus-
er, and P. Grootes, 1997: Thermohaline instability in the North 
Atlantic during meltwater events: Stable isotope and ice-rafted 
detritus records from core S075-26KL, Portuguese margin. Pa-
leoceanography, 12(5), pp. 696–710.

Zhang, R., 2007: Anticorrelated multidecadal variations between 
surface and subsurface tropical North Atlantic. Geophysical 
Research Letters, 34, L12713, doi:10.1029/2007GL030225.

Zhang, R. and T.L. Delworth, 2005: Simulated tropical response 
to a substantial weakening of the Atlantic thermohaline circula-
tion. Journal of Climate, 18, pp. 1853–1860.

Zhang, R. and T.L. Delworth, 2006: Impact of Atlantic mul-
tidecadal oscillations on India/Sahel rainfall and At-
lantic hurricanes. Geophysical Research Letters, 33(5), 
doi:10.1029/2006GL026267.

Zhang, R., T.L. Delworth, and I.M. Held, 2007a: Can the Atlantic 
Ocean drive the observed multidecadal variability in Northern 
Hemisphere mean temperature? Geophysical Research Letters, 
34, L02709, doi:10.1029/2006GL028683.

Zhang, X. and J.E. Walsh, 2006: Toward a seasonally ice-covered 
Arctic Ocean: Scenarios from the IPCC AR4 model simula-
tions. Journal of  Climate, 19, pp. 1730–1747.

Zhang, X., F.W. Zwiers, G.C. Hegerl, F.H. Lambert, N.P. Gillett, 
S. Solomon, P.A. Stott, and T. Nozawa, 2007b: Detection of 
human influence on twentieth-century precipitation trends. Na-
ture, 448, pp. 461–465, doi:10.1038/nature06025.



The U.S. Climate Change Science Program References

230

Zickfeld, K., A. Levermann, M.G. Morgan, T. Kuhlbrodt, S. 
Rahmstorf, and D. Keith, 2007: Expert judgements on the 
response of the Atlantic meridional overturning circula-
tion to climate change. Climatic Change, 82, doi:10.1007/
s10584-007-9246-3.

CHAPTER 5 REFERENCES
Alley, R.B. and A.M. Agustsdottir, 2005: The 8k event: Cause 

and consequences of a major Holocene abrupt climate change. 
Quaternary Science Reviews, 24(10–11), pp. 1123–1149.

Anisimov, O.A. and F.E. Nelson, 1997: Permafrost zonation 
and climate change in the northern hemisphere: Results from 
transient general circulation models. Climatic Change, 35, 
pp. 241–258, doi:10.1023/A:1005315409698.

Aoki, Y., S. Shimizu, T. Yamane, T. Tanaka, K. Nakayama, T. 
Hayashi, and Y. Okuda, 2000: Methane hydrate accumulation 
along the western Nankai Trough. In: Gas Hydrates: Challeng-
es for the Future [Holder, G.D. and Bishnoi, P.R. (eds.)]. Annals 
of the New York Academy of Sciences, 912, pp. 136–145.

Archer, D., 2005: Fate of fossil-fuel CO2 in geologic time. Jour-
nal of Geophysical Research, 110, doi:10.1029/2004JC002625.

Archer, D., 2007: Methane hydrate stability and anthropogenic 
climate change. Journal of Geophysical Research—Biogeosci-
ences, 4, pp. 521–544.

Archer, D. and B. Buffett, 2005: Time-dependent response of the 
global ocean clathrate reservoir to climatic and anthropogenic 
forcing. Geochemistry, Geophysics, Geosystems, 6(3), doi: 
10.1029/2004GC000854.

Archer, D., H. Kheshgi, and E. Maier-Riemer, 1997: Multiple 
timescales for neutralization of fossil fuel CO2. Geophysical 
Research Letters, 24, pp. 405–408.

Archer, D., P. Martin, B. Buffett, V. Brovkin, S. Rahmstorf, and 
A. Ganopolski, 2004: The importance of ocean temperature to 
global biogeochemistry. Earth and Planetary Science Letters, 
222, pp. 333–348,  doi:10.1016/j.epsl.2004.03.011.

Bartlett, K.B. and R.C. Harriss, 1993: Review and assessment of 
methane emissions from wetlands. Chemosphere, 26, pp. 261–
320.

Belyea,  L.R. and A.J. Baird, 2007: Beyond “the limits to peat 
bog growth”: Cross-scale feedback in peatland develop-
ment. Ecological Monographs, 76, pp. 299–322, doi: 
10.1890/0012-9615(2006)076[0299:BTLTPB]2.0.CO;2.

Bergamaschi, P., C. Frankenberg, J.F. Meirink, M. Krol, F. 
Dentener, T. Wagner, U. Platt, J.O. Kaplan, S. Körner, M. 
Heimann, E.J. Dlugokencky, and A. Goede, 2007: Satellite 
chartography of atmospheric methane from SCIAMACHY 
on board ENVISAT: 2. Evaluation based on inverse model 
simulations. Journal of Geophysical Research, 112, D02304, 
doi:10.1029/2006JD007268.

Berner, R.A., A.C. Lasaga, and R.M. Garrels, 1983: The carbon-
ate-silicate geochemical cycle and its effect on atmospheric 
carbon dioxide over the past 100 million years. American Jour-
nal of Science, 283, pp. 641–683.

Blake, D.R. and F.S. Rowland, 1988: Continuing worldwide in-
crease in tropospheric methane, 1978 to 1987. Science, 239, 
pp. 1129–1131, doi:10.1126/science.239.4844.1129.

Blunier, T. and E.J. Brook, 2001: Timing of millennial-scale 
climate change in Antarctica and Greenland during the last 
glacial period. Science, 291, pp. 109–112, doi:10.1126/sci-
ence.291.5501.109.

Boswell, R., 2007: Resource potential of methane hydrate coming 
into focus. Journal of Petroleum Science and Engineering, 56, 
pp. 9–13,  doi:10.1016/j.petrol.2006.09.002. 

Boswell, R., D. Hutchinson, and P. Ray, 2005: Changing perspec-
tives on the resource potential of methane hydrates. In: Fire in 
the Ice, newsletter of the U.S. Department of Energy, Office of 
Fossil Energy, National Energy Technology Laboratory, sum-
mer 2005. http://www.netl.doe.gov/technologies/oil-gas/publi-
cations/Hydrates/Newsletter/HMNewsSummer05.pdf.

Boudreau, B.P., C. Algar, B.D. Johnson, I. Croudace, A. Reed, Y. 
Furukawa, K.M. Dorgan, P.A. Jumars, A.S. Grader, and B.S. 
Gardiner, 2005: Bubble growth and rise in soft sediments. Ge-
ology, 33(6), pp. 517–520, doi:10.1130/G21259.1.

Bousquet, P., P. Ciais, J.B. Miller, E.J. Dlugokencky, D.A. Hau-
glustaine, C. Prigent, G.R. Van der Werf, P. Peylin, E.-G. 
Brunke, C. Carouge, R.L. Langenfelds, J. Lathière, F. Papa, 
M. Ramonet, M. Schmidt, L.P. Steele, S.C. Tyler, and J. White, 
2006: Contribution of anthropogenic and natural sources to 
atmospheric methane variability. Nature, 443, pp. 439–443, 
doi:10.1038/nature05132.

Bowen, G.J., D.J. Beerling, P.L. Koch, J.C. Zachos, and T. Quat-
tlebaum, 2004: A humid climate state during the Palaeocene/
Eocene thermal maximum. Nature, 432(7016), pp. 495–499, 
doi:10.1038/nature03115.

Bralower, T.J., D.J. Thomas, J.C. Zachos, M.M. Hirschmann, 
U. Rohl, H. Sigurdsson, E. Thomas, and D.L. Whitney, 1997: 
High-resolution records of the late Paleocene thermal maxi-
mum and circum-Caribbean volcanism: Is there a causal link? 
Geology, 25(11), pp. 963–966.

Brewer, P.G., C. Paull, E.T. Peltzer, W. Ussler, G. Rehder, and 
G. Friederich, 2002: Measurements of the fate of gas hydrates 
during transit through the ocean water column. Geophysical 
Research Letters, 29(22), 2081, doi:10.1029/2002GL014727.

Brook, E. and L. Mitchell, 2007: Timing and trends in Northern 
and Southern Hemisphere atmospheric methane during the Ho-
locene: New results from Antarctic and Greenlandic ice cores. 
Eos, Transactions, American Geophysical Union, 88(52), Fall 
Meeting Supplement, Abstract U21F-06.

Brook, E., J.W.C. White, A.S.M. Schilla, M.L. Bender, B. Bar-
nett, J.P. Serveringhaus, K.C. Taylor, R.B. Alley, and E.J. 
Steig, 2005: Timing of millennial-scale climate change at Siple 
Dome, West Antarctica, during the last glacial period. Quater-
nary Science Reviews, 24, pp. 1333–1343,  doi:10.1016/j.qua-
scirev.2005.02.002.

Brook, E. and E. Wolff, 2005: The future of ice core sci-
ence. Eos, Transactions, American Geophysical Union, 87, 
doi:10.1029/2006EO040004.

Brook, E.J., S. Harder, J.P. Severinghaus, E.J. Steig, and C.M.  
Sucher, 2000: On the origin and timing of rapid changes in 
atmospheric methane during the last glacial period. Global 
Biogeochemical Cycles, 14, pp. 559–572.

Brook, E.J., T. Sowers, and J. Orchardo, 1996: Rapid variations 
in atmospheric methane concentration during the past 110,000 
years. Science, 273, doi:10.1126/science.273.5278.1087.



231

Abrupt Climate Change

Brooks, J.M., W.R. Bryant, B.B. Bernard, and N.R. Cameron, 
2000: The nature of gas hydrates on the Nigerian continental 
slope. In: Gas Hydrates: Challenges for the Future [Holder, 
G.D. and P.R. Bishnoi (eds.)]. Annals of the New York Acad-
emy of Sciences, 912, pp. 76–93.

Bryn, P., K. Berg, C.F. Forsberg, A. Solheim, and T.J. Kval-
stad, 2005: Explaining the Storegga slide. Marine and Pe-
troleum Geology, 22(1–2), pp. 11–19,  doi:10.1016/j.marpet-
geo.2004.12.003.

Bubier, J.L., T.R. Moore, L. Bellisario, N.T. Comer, and P.M. 
Crill, 1995: Ecological controls on methane emissions from a 
northern peatland vomplex in the zone of discontinuous per-
mafrost, Manitoba, Canada. Global Biogeochemical Cycles, 9, 
pp. 455–470.

Bubier, J.L., T. Moore, K. Savage, and P. Crill, 2005: A com-
parison of methane flux in a boreal landscape between a dry 
and a wet year. Global Biogeochemical Cycles, 19, GB1023, 
doi:10.1029/2004GB002351.

Buffett, B. and D. Archer, 2004: Global inventory of methane 
clathrate: Sensitivity to changes in the deep ocean. Earth and 
Planetary Science Letters, 227, pp. 185–199.

Bunz, S. and J. Mienert, 2004: Acoustic imaging of gas hydrate 
and free gas at the Storegga slide. Journal of Geophysical Re-
search, 109, B04102, doi:10.1029/2003JB002863.

Buteau, S., R. Fortier, G. Delisle, and M. Allard, 2004: Numerical 
simulation of the impacts of climate warming on a permafrost 
mound. Permafrost and Periglacial Processes, 15, pp. 41–57.

Camill, P., 2005: Permafrost thaw accelerates in boreal peatlands 
during late-20th century climate warming. Climatic Change, 
68, pp. 135–152.

Cannariato, K.G. and L.D. Stott, 2004: Evidence against clath-
rate-derived methane release to Santa Barbara Basin surface 
waters? Geochemistry, Geophysics, Geosystems, 5, Q05007, 
doi:10.1029/2003GC000600.

Chapin, F.S., III, M. Sturm, M.C. Serreze, J.P. McFadden, J.R. 
Key, A.H. Lloyd, A.D. McGuire, T.S. Rupp, A.H. Lynch, J.P. 
Schimel, J. Beringer, W.L. Chapman, H.E. Epstein, E.S. Eu-
skirchen, L.D. Hinzman, G. Jia, C.-L. Ping, K.D. Tape, C.D.C. 
Thompson, D.A. Walker, and J.M. Welker, 2005: Role of 
land-surface changes in arctic summer warming. Science, 310, 
doi:10.1126/science.1117368.

Chapman, W.L. and J.E. Walsh, 2007: Simulations of Arctic tem-
perature and pressure by global coupled models. Journal of  
Climate, 20, pp. 609–632.

Chappellaz, J., J.M. Barnola, D. Raynaud, Y.S. Korotkevich, and 
C. Lorius, 1990: Ice-core record of atmospheric methane over 
the past 160,000 years. Nature, 345, doi:10.1038/345127a0.

Chappellaz, J., T. Blunier, S. Kints, A. Dällenbach, J.-M. Barnola, 
J. Schwander, D. Raynaud, and B. Stauffer, 1997: Changes in 
the atmospheric CH4 gradient between Greenland and Antarc-
tica during the Holocene. Journal of Geophysical Research, 
102, pp. 15,987–15,997.

Chappellaz, J., T. Blunier, D. Raynaud, J.M. Barnola, J. 
Schwander, and B. Stauffer, 1993a: Synchronous changes in 
atmospheric CH4 and Greenland climate between 40 and 8 kyr 
BP. Nature, 366, doi:10.1038/366443a0.

Chappellaz, J.A., I.Y. Fung, and A.M. Thompson, 1993b: The 
atmospheric CH4 increase since the Last Glacial Maximum. 
1, Source estimates. Tellus, 45B(3), pp. 228–241.

Christensen, T.R., A. Ekberg, L. Ström, M. Mastepanov, N. Pan-
ikov, M. Öquist, B.H. Svensson, H. Nykänen, P.J. Martikainen, 
and H. Oskarsson, 2003: Factors controlling large scale varia-
tions in methane emissions from wetlands. Geophysical Re-
search Letters, 30(7), 1414, doi:10.1029/2002GL016848.

Christensen, T.R., T. Johansson, H.J. Åkerman, M. Mastepanov, 
N. Malmer, T. Friborg, P. Crill, and B.H. Svensson, 2004: 
Thawing sub-arctic permafrost: Effects on vegetation and 
methane emissions. Geophysical Research Letters, 31, L04501, 
doi:10.1029/2003GL018680.

Christensen, T.R., I.C. Prentice, J. Kaplan, A. Haxeltine, and S. 
Sitch, 1996: Methane flux from northern wetlands and tundra: 
An ecosystem modelling approach. Tellus, 48B, pp. 652–661.

Collett, T.S. and G.D. Ginsburg, 1998: Gas hydrates in the Mes-
soyakha Gas Field of the West Siberian Basin—A re-exam-
ination of the geologic evidence. In: The Proceedings of the 
Seventh (1997) International Offshore and Polar Engineering 
Conference, Honolulu, HI, May 25–30, 1997, volume 1. 

Collett, T.S. and V.A. Kuuskraa, 1998: Hydrates contain vast store 
of world gas resources. Oil and Gas Journal, 96, pp. 90–95.

Dällenbach, A., T. Blunier, J. Flückiger, B. Stauffer, J. Chappel-
laz, and D. Raynoud, 2000: Changes in the atmospheric CH4 
gradient between Greenland and Antarctica during the Last 
Glacial and the transition to the Holocene. Geophysical Re-
search Letters, 27, pp. 1005–1008.

Dansgaard, W., J.W.C. White, and S.J. Johnsen,1989: The abrupt 
termination of the Younger Dryas climate event. Nature, 339, 
doi:10.1038/339532a0.

Davidson, E.A. and I.A. Janssens, 2006: Temperature sensitivity 
of soil carbon decomposition and feedbacks to climate change. 
Nature, 440, doi:10.1038/nature04514.

De Batist, M., J. Klerkx, P. Van Rensbergen, M. Vanneste, J. 
Poort, A.Y. Golmshtok, A.A. Kremlev, O.M. Khlystov, and P. 
Krinitsky, 2002: Active hydrate destabilization in Lake Baikal, 
Siberia? Terra Nova, 14(6), pp. 436–442.

Delmotte, M., J. Chappellaz, E. Brook, P. Yiou, J.M. Barnola, 
C. Goujon, D. Raynaud, and V.I. Lipenkov, 2004: Atmo-
spheric methane during the last four glacial-interglacial 
cycles: Rapid changes and their link with Antarctic tem-
perature. Journal of Geophysical Research, 109, D12104, 
doi:10.1029/2003JD004417.

Denman, K.L., G. Brasseur, A. Chidthaisong, P. Ciais, P.M. Cox, 
R.E. Dickinson, D. Hauglustaine, C. Heinze, E. Holland, D. 
Jacob, U. Lohmann, S. Ramachandran, P.L. da Silva Dias, S.C. 
Wofsy, and X. Zhang, 2007: Couplings between changes in 
the climate system and biogeochemistry. In: Climate Change 
2007: The Physical Science Basis. Contribution of Working 
Group I to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change [Solomon, S., D. Qin, M. 
Manning, Z. Chen, M. Marquis, K.B. Averyt, M.Tignor, and 
H.L. Miller (eds.)]. Cambridge University Press, Cambridge, 
United Kingdom, and New York, NY, USA, pp. 500–587.



The U.S. Climate Change Science Program References

232

Devol, A.H., J.E. Richey, B.R. Forsberg, and L.A. Martinelli, 
1990: Seasonal dynamics in methane emissions from the Ama-
zon River floodplain to the troposphere. Journal of  Geophysi-
cal Research, 95, pp. 16,417–16,426.

D’Hondt, S., B.B. Jørgensen, D.J. Miller, A. Batzke, R. Blake, 
B.A. Cragg, H. Cypionka, G.R. Dickens, T. Ferdelman, K.U. 
Hinrichs, N.G. Holm, R. Mitterer, A. Spivack, G. Wang, B. 
Bekins, B. Engelen, K. Ford, G. Gettemy, S.D. Rutherford, H. 
Sass, C.G. Skilbeck, I.W. Aiello, G. Guèrin, C.H. House, F. In-
agaki, P. Meister, T. Naehr, S. Niitsuma, R.J. Parkes, A. Schip-
pers, D.C. Smith, A. Teske, J. Wiegel, C.N. Padilla, and J.L.S. 
Acosta, 2004: Distributions of microbial activities in deep sub-
seafloor sediments. Science, 306(5705), pp. 2216–2221.

Dickens, G.R., 2001a: Modeling the global carbon cycle with a gas 
hydrate capacitor: Significance for the latest Paleocene ther-
mal maximum. In: Natural Gas Hydrates: Occurrence, Dis-
tribution, and Detection [Paull, C.K. and W.P. Dillon (eds.)]. 
American Geophysical Union, Geophysical Monograph, 124, 
pp. 19–38.

Dickens, G.R., 2001b: On the fate of past gas: What happens 
to methane released from a bacterially mediated gas hydrate 
capacitor? Geochemistry, Geophysics, Geosystems, 2(1), 
doi:10.1029/2000GC000131.

Dickens, G.R., 2001c: The potential volume of oceanic methane 
hydrates with variable external conditions. Organic Geochem-
istry, 32, pp. 1179–1193.

Dickens, G.R., J.R. O’Neill, D.K. Rea, and R.M. Owen, 1995: 
Dissociation of oceanic methane hydrate as a cause of the car-
bon isotope excursion at the end of the Paleocene. Paleocean-
ography, 10(6), pp. 965–971.

Dimitrov, L. and J. Woodside, 2003: Deep sea pockmark environ-
ments in the eastern Mediterranean. Marine Geology, 195(1–
4), pp. 263–276.

Dlugokencky, E.J., E.G. Dutton, P.C. Novelli, P.P. Tans, K.A. 
Masarie, K.O. Lantz, and S. Madronich, 1996: Changes in CH4 
and CO growth rates after the eruption of Mt. Pinatubo and 
their link with changes in tropical tropospheric UV flux. Geo-
physical Research Letters, 23(20), pp. 2801–2866.

Dlugokencky, E.J., S. Houweling, L. Bruhwiler, K.A. Masarie, P.M. 
Lang, J.B. Miller, and P.P. Tans, 2003: Atmospheric methane 
levels off: Temporary pause or a new steady state? Geophysical 
Research Letters, 30(19), 1992, doi:10.1029/2003GL018126. 

Dlugokencky, E.J., K.A. Masarie, P.M. Lang, and P.P. Tans, 1998: 
Continuing decline in the growth rate of the atmospheric meth-
ane burden. Nature, 393, pp. 447–450.

Dlugokencky, E.J., L.P. Steele, P.M. Lang, and K.A. Masarie, 
1994: The growth rate and distribution of atmospheric meth-
ane. Journal of Geophysical Research, 99, pp. 17021–17043.

Dobrynin, V.M., Y.P. Korotajev, and D.V. Plyuschev, 1981: Gas 
hydrates: A possible energy resource [Meyer, R.F. and J.C. Ol-
son (eds.)]. Long Term Energy Resources, v. I, Pitman, Boston, 
pp. 727–729.

Driscoll, N.W., J.K. Weissel, and J.A. Goff, 2000: Potential for 
large-scale submarine slope failure and tsunami generation 
along the U.S. mid-Atlantic coast. Geology, 28(5), pp.  407–
410.

Dueck, T., R. de Visser, H. Poorter, S. Persijn, A. Gorissen, W. 
de Visser, A. Schapendonk, J.  Verhagen, J. Snel, F.J.M. Har-
ren, A.K.Y. Ngai, F. Verstappen, H. Bouwmeester, L.A.C.J.  
Voesenek, and A. van der Werf,  2007: No evidence for sub-
stantial aerobic methane emission by terrestrial plants: A 
13C-labelling approach. New Phytologist, doi: 10.1111/j.1469-
8137.2007.02103.x.

Dugan, B. and P.B. Flemings, 2000: Overpressure and fluid flow 
in the New Jersey continental slope: Implications for slope fail-
ure and cold seeps. Science, 289, pp. 288–291, doi:10.1126/
science.289.5477.288.

Dykoski, C.A., R.L. Edwards, H. Cheng, D. Yuan, Y. Cai, M. 
Zhang, Y. Lin, Z. An, and J. Revenaugh, 2005: A high reso-
lution, absolute-dated Holocene and deglacial Asian monsoon 
record from Dongge Cave, China. Earth and Planetary Science 
Letters, 233, pp. 71–86,  doi:10.1016/j.epsl.2005.01.036. 

EPICA Community Members, 2006: One-to-one coupling of 
glacial climate variability in Greenland and Antarctica. Nature, 
444, pp. 195–198, doi:10.1038/nature05301.

Etheridge, D.M., L.P. Steele, R.J. Francey, and R.L. Langenfelds, 
1998: Atmospheric methane between 1000 A.D. and present: 
Evidence of anthropogenic emissions and climatic variability. 
Journal of Geophysical Research, 103, pp. 15,979–15,993.

Euskirchen, E.S., A.D. McGuire, D.W. Kicklighter, Q. Zhuang, 
J.S. Clein, R.J. Dargaville, D.G. Dye, J.S. Kimball, K.C. Mc-
Donald, J.M. Melillo, V.E. Romanovsky, and N.V. Smith, 
2006: Importance of recent shifts in soil thermal dynamics on 
growing season length, productivity, and carbon sequestration 
in terrestrial high-latitude ecosystems. Global Change Biology, 
12(4), pp. 731–750.

Fiore, A.M., L.W. Horowitz, E.J. Dlugokencky, and J.J. West, 
2006: Impact of meteorology and emissions on methane 
trends, 1990–2004. Geophysical Research Letters, 33, L12809, 
doi:10.1029/2006GL026199.

Flemings, B.P., X. Liu, and W.J. Winters, 2003: Critical pressure 
and multiphase flow in Blake Ridge gas hydrates. Geology, 31, 
pp. 1057–1060, doi:10.1130/G19863.1.

Flückiger, J., T. Blunier, B. Stauffer, J. Chappellaz, R. Spahni, K. 
Kawamura, J. Schwander, T.F. Stocker, and D. Dahl-Jensen, 
2004: N2O and CH4 variations during the last glacial epoch: 
Insight into global processes. Global Biogeochemical Cycles, 
18(1), GB1020, doi:10.1029/2003GB002122.

Forster, P., V. Ramaswamy, P. Artaxo, T. Berntsen, R. Betts, D.W. 
Fahey, J. Haywood, J. Lean, D.C. Lowe, G. Myhre, J. Ngan-
ga, R. Prinn, G. Raga, M. Schulz, and R. Van Dorland, 2007: 
Changes in atmospheric constituents and in radiative forcing. 
In: Climate Change 2007: The Physical Science Basis. Contri-
bution of Working Group I to the Fourth Assessment Report of 
the Intergovernmental Panel on Climate Change [Solomon, S., 
D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt, M. 
Tignor, and H.L. Miller (eds.)]. Cambridge University Press, 
Cambridge, United Kingdom, and New York, NY, USA.

Frankenberg, C., J.F. Meirink, P. Bergamaschi, A.P.H. Goede, 
M. Heimann, S. Körner, U. Platt, M. van Weele, and T. Wag-
ner, 2006: Satellite chartography of atmospheric methane from 
SCIAMACHY on board ENVISAT: Analysis of the years 2003 
and 2004. Journal of Geophysical Research, 111, D07303, 
doi:10.1029/2005JD006235.



233

Abrupt Climate Change

Frey, K.E. and L.C. Smith, 2007: How well do we know north-
ern land cover? Comparison of four global vegetation and 
wetland products with a new ground-truth database for 
West Siberia. Global Biogeochemical Cycles, 21, GB1016, 
doi:10.1029/2006GB002706.

Friborg, T., H. Soegaard, T.R. Christensen, C.R. Lloyd, and 
N.S. Panikov, 2003: Siberian wetlands: Where a sink 
is a source. Geophysical Research Letters, 30, 2129, 
doi:10.1029/2003GL017797.

Frolking, S., N.T. Roulet, T.R. Moore, P.J.H. Richard, M. Lavoie, 
and S.D. Muller, 2001: Modeling northern peatland decompo-
sition and peat accumulation. Ecosystems, 4, pp. 479–498.

Gardiner, B.S., B.P. Boudreau, and B.D. Johnson, 2003: Growth 
of disk-shaped bubbles in sediments. Geochimica et Cosmo-
chimica Acta, 67(8), pp. 1485–1494.

Gauci, V., E. Matthews, N. Dise, B. Walter, D. Koch, G. Granberg, 
and M. Vile, 2004: Sulfur pollution suppression of the wetland 
methane source in the 20th and 21st centuries. Proceedings of 
the National Academy of Sciences, 101, pp. 12,583–12,587.

Gedney, N., P.M. Cox, and C. Huntingford, 2004: Climate feed-
back from wetland methane emissions. Geophysical Research 
Letters, 31, L20503, doi:10.1029/2004GL020919.

Gorman, A.R., W.S. Holbrook, M.J. Hornbach, K.L. Hackwith, 
D. Lizarralde, and I. Pecher, 2002: Migration of methane gas 
through the hydrate stability zone in a low-flux hydrate prov-
ince. Geology, 30(4), pp. 327–330.

Grachev, A.M., E.J. Brook, and J.P. Severinghaus, 2007: 
Abrupt changes in atmospheric methane at the MIS 5b-5a 
transition. Geophysical Research Letters, 34, L20703, 
doi:10.1029/2007GL029799.

Grant, N.J. and M.J. Whiticar, 2002: Stable carbon isotopic evi-
dence for methane oxidation in plumes above Hydrate Ridge, 
Cascadia Oregon margin. Global Biogeochemical Cycles, 
16(4), 1124, doi:10.1029/2001GB001851.

Hampton, M.A., H.J. Lee, and J. Locat, 1996: Submarine land-
slides. Reviews of Geophysics, 34(1), pp. 33–59.

Hansen, J., M. Sato, R. Ruedy, A. Lacis, and V. Oinas, 2000: 
Global warming in the twenty-first century: An alternative sce-
nario. Proceedings of the National Academy of Sciences, 97, 
pp. 9875–9880, doi:10.1073/pnas.170278997.

Hansen, J.E.  and M. Sato, 2001: Trends of measured climate 
forcing agents. Proceedings of the National Academy of Sci-
ences, 98, pp. 14,778–14,783, doi:10.1073/pnas.261553698.

Harvey, L.D.D. and Z. Huang, 1995: Evaluation of the potential 
impact of methane clathrate destabilization on future global 
warming. Journal of Geophysical Research, 100, pp.  2905–
2926.

Hassol,  S.J., 2004: Impacts of a Warming Arctic: Arctic Climate 
Impact Assessment. Cambridge University Press, Cambridge, 
United Kingdom, and New York, NY, USA, 144 pp.

Heeschen, K.U., R.W. Collier, M.A. de Angelis, E. Suess, G. Reh-
der, P. Linke, and G.P. Klinkhammer, 2005: Methane sources, 
distributions, and fluxes from cold vent sites at Hydrate Ridge, 
Cascadia margin. Global Biogeochemical Cycles, 19(2), 
GB2016, doi:10.1029/2004GB002266.

Heeschen, K.U., A.M. Tréhu, R.W. Collier, E. Suess, and G. 
Rehder, 2003: Distribution and height of methane bubble 
plumes on the Cascadia margin characterized by acous-
tic imaging. Geophysical Research Letters, 30(12), 1643, 
doi:10.1029/2003GL016974.

Hesselbo, S.P., D.R. Gröcke, H.C. Jenkyns, C.J. Bjerrum, P. Far-
rimond, H.S.M. Bell, and O.R. Green, 2000: Massive disso-
ciation of gas hydrate during a Jurassic oceanic anoxic event. 
Nature, 406(6794), pp. 392–395.

Hill, J.C., N.W. Driscoll, J.K. Weissel, and J.A. Goff, 2004: 
Large-scale elongated gas blowouts along the U.S. Atlantic 
margin. Journal of Geophysical Research, 109(B9), B09101, 
doi:10.1029/2004JB002969.

Hill, T.M., J.P. Kennett, D.L. Valentine, Z. Yang, C.M. Reddy, 
R.K. Nelson, R.J. Behl, C. Robert, and L. Beaufort, 2006: 
Climatically driven emissions of hydrocarbons from marine 
sediments during deglaciation. Proceedings of the National 
Academy of Sciences, 103, pp. 13,570–13,574, doi:10.1073/
pnas.0601304103.

Hinrichs, K.U., J.M. Hayes, S.P. Sylva, P.G. Brewer, and E.F. 
Delong, 1999: Methane-consuming archaebacteria in marine 
sediments. Nature, 398, pp. 802–805.

Hinrichs, K.U., L.R. Hmelo, and S.P. Sylva, 2003: Molecular fos-
sil record of elevated methane levels in late Pleistocene coastal 
waters. Science, 299(5610), pp. 1214–1217, doi: 10.1126/sci-
ence.1079601.

Hinzman, L.D., N.D. Bettez, W.R. Bolton, F.S. Chapin, M.B. 
Dyurgerov, C.L. Fastie, B. Griffith, R.D. Hollister, A. Hope, 
H.P. Huntington, A.M. Jensen, G.J. Jia, T. Jorgenson, D.L. 
Kane, D.R. Klein, G. Kofinas, A.H. Lynch, A.H. Lloyd, A.D. 
McGuire, F.E. Nelson, W.C. Oechel, T.E. Osterkamp, C.H. 
Racine, V.E. Romanovsky, R.S. Stone, D.A. Stow, M. Sturm, 
C.E. Tweedie, G.L. Vourlitis, M.D. Walker, D.A. Walker, P.J. 
Webber, J.M. Welker, K.S. Winker, and K. Yoshikawa, 2005: 
Evidence and implications of recent climate change in northern 
Alaska and other arctic regions. Climatic Change, 72, pp. 251–
298.

Hofmann, D.J., J.H. Butler, E.J. Dlugokencky, J.W. Elkins, K. 
Masarie, S.A. Montzka, and P. Tans, 2006: The role of carbon 
dioxide in climate forcing from 1979 to 2004: Introduction of 
the Annual Greenhouse Gas Index. Tellus B, 58, pp. 614–619.

Hornbach, M.J., D.M. Saffer, and W.S. Holbrook, 2004: Critical-
ly pressured free-gas reservoirs below gas-hydrate provinces. 
Nature, 427(6970), pp. 142–144, doi:10.1038/nature02172.

Hovland, M. and A.G. Judd, 1988: Seabed Pockmarks and Seep-
ages. Impact on Geology, Biology and the Marine Environ-
ment. Graham & Trotman, London, 293 pp.

Hovland, M., H. Svensen, C.F. Forsberg, H. Johansen, C. Fichler, 
J.H. Fosså, R. Jonsson, and H. Rueslåtten, 2005: Complex 
pockmarks with carbonate-ridges off mid-Norway: Products of 
sediment degassing. Marine Geology, 218(1–4), pp. 191–206.

Huber, C., M. Leuenberger, R. Spahni, J. Flükiger, J. Schwander, 
T.F. Stocker, S. Johnsen, A. Landais, and J. Jouzel, 2006: Isotope 
calibrated Greenland temperature record over Marine Isotope 
Stage 3 and its relation to CH4. Earth and Planetary Science 
Letters, 243, pp. 504–519,  doi:10.1016/j.epsl.2006.01.002.



The U.S. Climate Change Science Program References

234

Huber, M., L. Sloan, and C. Shellito, 2002: Early Paleogene 
oceans and climate: A fully coupled modeling approach us-
ing the National Center for Atmospheric Research Community 
Climate System Model. In: Causes and Consequences of Glob-
ally Warm Climates in the Early Paleogene [Wing, S.L., P.D. 
Gingerich, B. Schmitz, and E. Thomas (eds.)]. Geological So-
ciety of America Special Paper 369, Boulder, CO, pp. 25–47.

Jenkyns, H.C., 2003: Evidence for rapid climate change in the 
Mesozoic-Palaeogene greenhouse world. Philosophical Trans-
actions of the Royal Society of London, Series A, Mathemati-
cal Physical and Engineering Sciences, 361(1810), pp. 1885–
1916.

Joabsson, A. and T.R. Christensen, 2001: Methane emissions 
from wetlands and their relationship with vascular plants: An 
Arctic example. Global Change Biology, 7, pp. 919–932.

Jorgenson, M.T., C.H. Racine, J.C. Walters, and T.E. Osterkamp, 
2001: Permafrost degradation and ecological changes associat-
ed with a warming climate in central Alaska. Climatic Change, 
48, pp. 551–579.

Jorgenson, M.T., Y.L. Shur, and E.R. Pullman, 2006: Abrupt in-
crease in permafrost degradation in Arctic Alaska. Geophysical 
Research Letters, 33, L02503, doi:10.1029/2005GL024960.

Kaplan, J.O., 2002: Wetlands at the Last Glacial Maximum: Dis-
tribution and methane emissions. Geopysical Research Letters, 
29, doi:10.1029/2001GL013366.

Kaplan, J.O., G. Folberth, and D.A. Hauglustaine, 2006: Role of 
methane and biogenic volatile organic compound sources in 
late glacial and Holocene fluctuations of atmospheric methane 
concentrations. Global Biogeochemical Cycles, 20, GB2016, 
doi:10.1029/2005GB002590.

Kelly, M.J., R.L. Edwards, H. Cheng, D. Yuan, Y. Cai, M. Zhang, 
Y. Lin, and Z. An, 2006: High resolution characterization of 
the Asian Monsoon between 146,000 and 99,000 years B.P. 
from Dongge Cave, China and global correlation of events 
surrounding Termination II. Palaeogeography, Palaeocli-
matology, Palaeoecology, 236, pp. 20–38, doi:10.1016/j.pal-
aeo.2005.11.042. 

Kennett, J.P., K.G. Cannariato, I.L. Hendy, and R.J. Behl, 2000: 
Carbon isotopic evidence for methane hydrate instability dur-
ing Quaternary interstadials. Science, 288(5463), pp. 128–133, 
doi:10.1126/science.288.5463.128.

Kennett, J.P., K.G. Cannariato, I.L. Hendy, and R.J. Behl, 2003: 
Methane Hydrates in Quaternary Climate Change: The Clath-
rate Gun Hypothesis. AGU Press, Special Publication Vol. 54, 
216 pp.

Kennett, J.P. and L.D. Stott, 1991: Abrupt deep sea warming, palae-
oceanographic changes and benthic extinctions at the end of the 
Paleocene. Nature, 353, pp. 319–322, doi:10.1038/353225a0.

Kent, D.V., B.S. Cramer, L. Lanci, D. Wang, J.D. Wright, and 
R. Van der Voo, 2003: A case for a comet impact trigger for 
the Paleocene/Eocene thermal maximum and carbon isotope 
excursion. Earth and Planetary Science Letters, 211(1-2), 
pp. 13–26,  doi:10.1016/S0012-821X(03)00188-2.

Keppler, F., J.T.G. Hamilton, M. Braß, and T. Röckman, 2006: 
Methane emissions from terrestrial plants under aerobic con-
ditions. Nature, 439, pp. 187–191, doi:10.1038/nature04420.

King, J.Y. and W.S. Reeburgh, 2002: A pulse-labeling experiment 
to determine the contribution of recent plant photosynthates to 
net methane emission in arctic wet sedge tundra. Soil Biology 
and Biochemistry, 34, pp. 173–180.

King, J.Y., W.S. Reeburgh, and S.K. Regli, 1998: Methane emis-
sion and transport by arctic sedges in Alaska: Results of a veg-
etation removal experiment. Journal of Geophysical Research, 
103, pp. 29,083–29,092.

Kobashi, T., J.P. Severinghaus, E.J. Brook, J.-M. Barnola, and 
A.M. Grachev, 2007: Precise timing and characterization of 
abrupt climate change at 8200 years ago from air trapped in 
polar ice. Quaternary Science Reviews, 26, pp. 1212–1222,  
doi:10.1016/j.quascirev.2007.01.009. 

Koch, P.L., J.C. Zachos, and P.D. Gingerich, 1992: Correlation 
between isotope records in marine and continental carbon res-
ervoirs near the Palaeocene/Eocene boundary. Nature, 358, 
pp. 319–322.

Krason, J., 2000: Messoyakh gas field (W. Siberia): A model for 
development of the methane hydrate deposits of Mackenzie 
Delta. In: Gas Hydrates: Challenges for the Future [Holder, 
G.D. and P.R. Bishnoi (eds.)]. Annals of the New York Acad-
emy of Sciences, v. 912, pp. 173–188.

Kump, L.R. and M.A. Arthur, 1999: Interpreting carbon-isotope 
excursions: Carbonates and organic matter. Chemical Geology, 
161, pp. 181–198.

Kvenvolden, K.A., 1993: Gas hydrates—Geological perspective 
and global change. Reviews of Geophysics, 31, pp. 173–187.

Kvenvolden, K.A., 1999: Potential effects of gas hydrate on hu-
man welfare. Proceedings of the National Academy of  Sci-
ences, 96, pp. 3420–3426.

Kvenvolden, K.A, 2000: Gas hydrate and humans. In: Gas Hy-
drates: Challenges for the Future [Holder, G.D. and P.R. Bish-
noi (eds.)]. Annals of the New York Academy of Sciences, 912, 
pp. 17–22.

Kvenvolden, K.A. and T.D. Lorenson, 2001: The global occur-
rence of natural gas hydrates. In: Natural Gas Hydrates: Oc-
currence, Distribution, and Detection [Paull, C.K. and W.P. 
Dillon (eds.)]. American Geophysical Union, Geophysical 
Monograph, 124, pp. 3–18.

Larson, R.L., 1991: Geological consequences of superplumes. 
Geology, 19, pp. 963–966.

Lawrence, D.M. and A.G. Slater, 2005: A projection of se-
vere near-surface permafrost degradation during the 
21st century. Geophysical Research Letters, 32, L24401, 
doi:10.1029/2005GL025080.

Lawrence, D.M., A.G. Slater, V.E. Romanovsky, and D.J. Nicol-
sky, 2008: The sensitivity of a model projection of near-surface 
permafrost degradation to soil column depth and inclusion of 
soil organic matter. Journal of Geophysical Research, 113, 
F02011, doi:10.1029/2007JF000883.

Leifer, I., J.F. Clark, and R.F. Chen, 2000: Modifications of the 
local environment by natural marine hydrocarbon seeps. Geo-
physical Research Letters, 27(22), pp. 3711–3714.

Leifer, I. and I. MacDonald, 2003: Dynamics of the gas flux from 
shallow gas hydrate deposits: Interaction between oily hydrate 
bubbles and the oceanic environment. Earth and Planetary 
Science Letters, 210(3-4), pp. 411–424.



235

Abrupt Climate Change

Lelieveld, J., P.J. Crutzen, and F.J. Dentener, 1998: Changing con-
centration, lifetime and climate forcing of atmospheric meth-
ane. Tellus, 50B, pp. 128–150.

Li, C., J.J. Qiu, S. Frolking, X. Xiao, W. Salas, B. Moore, S. Boles, 
Y. Huang, and R. Sass, 2002: Reduced methane emissions from 
large-scale changes in water management of China’s rice pad-
dies during 1980–2000. Geophysical Research Letters, 29(20), 
doi:10.1029/2002GL015370.

Loulergue, L., A. Schilt, R. Spahni, V. Masson-Delmotte, T. Bl-
unier, B. Lemieux, J.-M. Barnola, D. Raynaud, T.F. Stocker, 
J. Chappellaz, 2008: Orbital and millennial-scale features of 
atmospheric CH4 over the past 800,000 years. Nature, 453, 
pp. 383–386, doi:10.1038/nature06950.

Luyendyk, B., J. Kennett, and J.F. Clark, 2005: Hypothesis for 
increased atmospheric methane input from hydrocarbon seeps 
on exposed continental shelves during glacial low sea level. 
Marine and Petroleum Geology, 22(4), pp. 591–596.

Luyten, J.R., J. Pedlosky, and H. Stommel, 1983: The ventilated 
thermocline. Journal  of Physical Oceanography, 13, pp. 292–
309.

MacDonald, G.J., 1990: Role of methane clathrates in past and 
future climates. Climatic Change, 16, pp. 247–281.

MacDonald, G.M., D.W. Beilman, K.V. Kremenetski, Y. Sheng, 
L. Smith, and A.A. Velichko, 2006: Rapid early development 
of circumarctic peatlands and atmospheric CH4 and CO2 varia-
tions. Science, 314, pp. 285–288.

MacDonald, I.R., G. Bohrmann, E. Escobar, F. Abegg, P. Blan-
chon, V. Blinova, W. Brückmann, M. Drews, A. Eisenhauer, X. 
Han, K. Heeschen, F. Meier, C. Mortera, T. Naehr, B. Orcutt, 
B. Bernard, J. Brooks, and M. de Faragó, 2004: Asphalt volca-
nism and chemosynthetic life in the Campeche Knolls, Gulf of 
Mexico. Science, 304(5673), pp. 999–1002.

MacDonald, I.R., N.L. Guinasso, R. Sassen, J.M. Brooks, L. Lee, 
and K.T. Scott, 1994: Gas hydrate that breaches the sea-floor 
on the continental-slope of the Gulf of Mexico. Geology, 22(8), 
pp. 699–702.

MacDonald, I.R., I. Leifer, R. Sassen, P. Stine, R. Mitchell, and 
N. Guinasso, 2002: Transfer of hydrocarbons from natural 
seeps to the water column and atmosphere. Geofluids, 2(2), 
pp. 95–107.

MacDonald, J.A., D. Fowler, K.J. Hargreaves, U. Skiba, I.D. 
Leith, and M.B. Murray, 1998: Methane emission rates from 
a northern wetland; response to temperature, water table and 
transport. Atmospheric Environment, 32, pp. 3219–3227.

MacFarling Meure, C., D. Etheridge, C. Trudinger, P. Steele, R. 
Langenfelds, T. van Ommen, A. Smith, and J. Elkins, 2006: 
Law dome CO2, CH4 and N2O ice core records extended to 
2000 years BP. Geophysical Research Letters, 33, L14810, 
doi:10.1029/2006GL026152.

Martin, P., D. Archer, and D.W. Lea, 2005: Role of deep sea tem-
peratures in the carbon cycle during the last glacial. Paleocean-
ography, 20, PA2015, doi:10.1029/2003PA000914.

Maslin, M., M. Owen, S. Day, and D. Long, 2004: Linking conti-
nental-slope failures and climate change: Testing the clathrate 
gun hypothesis. Geology, 32(1), pp. 53–56.

Masson, D.G., C.B. Harbitz, R.B. Wynn, G. Pedersen, and F. 
Løvholt, 2006: Submarine landslides: processes, triggers, and 
hazard prediction. Philosophical Transactions of the Royal So-
ciety, 364, pp. 2009–2039.

McGuire, A.D., F.S. Chapin III, J.E. Walsh, and C. Wirth, 2006: 
Integrated regional changes in arctic climate feedbacks: Impli-
cations for the global climate system. Annual Review of Envi-
ronment and Resources, 31, pp. 61–91.

Meehl, G.A., T.F. Stocker, W.D. Collins, P. Friedlingstein, A.T. 
Gaye, J.M. Gregory, A. Kitoh, R. Knutti, J.M. Murphy, A. 
Noda, S.C.B. Raper, I.G. Watterson, A.J. Weaver, and Z.-C. 
Zhao, 2007: Global climate projections. In: Climate Change 
2007: The Physical Science Basis. Contribution of Working 
Group I to the Fourth Assessment Report of the Intergovern-
mental Panel on Climate Change [Solomon, S., D. Qin, M. 
Manning, Z. Chen, M. Marquis, K.B. Averyt, M. Tignor, and 
H.L. Miller (eds.)]. Cambridge University Press, Cambridge, 
United Kingdom, and New York, NY, USA, pp. 747–845.

Melack, J.M., L.L. Hess, M. Gastil, B.R. Forsberg, S.K. Hamil-
ton, I.B.T. Lima, and E.M.L.M. Novo, 2004: Regionalization 
of methane emissions in the Amazon Basin with microwave 
remote sensing. Global Change Biology, 10, pp. 530–544.

Meyer, R.F., 1981: Speculations on oil and gas resources in small 
fields and unconventional deposits. In: Long-term Energy Re-
sources, v. 1 [Meyer, R.F. and J.C. Olson (eds.)]. Pitman, Bos-
ton, pp. 49–72.

Mienert, J., K. Andreassen, J. Posewang, and D. Lukas, 2000: 
Changes of the hydrate stability zone of the Norwegian margin 
from glacial to interglacial times. In: Gas Hydrates: Challeng-
es for the Future [Holder, G.D. and P.R. Bishnoi (eds.)]. Annals 
of the New York Academy of Sciences, v. 912, pp. 200–210.

Mienert, J., M. Vanneste, S. Bünz, K. Andreassen, H. Haflidason, 
and H.P. Sejrup, 2005: Ocean warming and gas hydrate stabil-
ity on the mid-Norwegian margin at the Storegga slide. Marine 
and Petroleum Geology, 22(1–2), pp. 233–244.

Milkov, A.V., 2000: Worldwide distribution of submarine mud 
volcanoes and associated gas hydrates. Marine Geology, 
167(1–2), pp. 29–42.

Milkov, A.V., 2004: Global estimates of hydrate-bound gas in ma-
rine sediments: How much is really out there? Earth-Science 
Reviews, 66(3–4), pp. 183–197.

Milkov, A.V. and R. Sassen, 2000: Thickness of the gas hydrate 
stability zone, Gulf of Mexico continental slope. Marine and 
Petroleum Geology, 17(9), pp. 981–991.

Milkov, A.V. and R. Sassen, 2001: Estimate of gas hydrate re-
source, northwestern Gulf of Mexico continental slope. Marine 
Geology, 179(1–2), pp. 71–83.

Milkov, A.V. and R. Sassen, 2003: Two-dimensional model-
ing of gas hydrate decomposition in the northwestern Gulf of 
Mexico: Significance to global change assessment. Global and 
Planetary Change, 36(1–2), pp. 31–46.

Milkov, A.V., P.R. Vogt, K. Crane, A.Y. Lein, R. Sassen, and G.A. 
Cherkashev, 2004: Geological, geochemical, and microbial 
processes at the hydrate-bearing Håkon Mosby mud volcano: 
A review. Chemical Geology, 205(3-4), pp. 347–366.



The U.S. Climate Change Science Program References

236

Minkkinen, K., J. Laine, H. Nykänen, P.J. Marikainen, 1997: 
Importance of drainage ditches in emissions of methane from 
mires drained for forestry. Canadian Journal of Forest Re-
search, 27, pp. 949–952.

Nisbet, E.G., 2002: Have sudden large releases of methane from 
geological reservoirs occurred since the Last Glacial Maxi-
mum, and could such releases occur again? Philosophical 
Transactions of the Royal Society A, 360(1793), pp. 581–607.

Nisbet, E.G. and D.J.W. Piper, 1998: Giant submarine landslides. 
Nature, 392(6674), pp. 329–330.

Nouzé, H., P. Henry, M. Noble, V. Martin, and G. Pascal, 
2004: Large gas hydrate accumulations on the eastern Nan-
kai Trough inferred from new high-resolution 2-D seis-
mic data. Geophysical Research Letters, 31(13), L13308, 
doi:10.1029/2004GL019848.

Nykänen, H., J.E.P. Heikkinen, L. Pirinen, K. Tiilikainen, and 
P.J. Martikainen, 2003: Annual CO2 exchange and CH4 
fluxes on a subarctic palsa mire during climatically dif-
ferent years. Global Biogeochemical Cycles, 17(1), 1018, 
doi:10.1029/2002GB001861.

Olivier, J.G.J. and J.J.M. Berdowski, 2001: Global emissions 
sources and sinks. In: The Climate System [Berdowski, J., R. 
Guicherit, and B.J. Heij (eds.)]. Taylor & Francis, pp. 33–78, 
ISBN 9058092550.

Osterkamp, T.E. and J.C. Jorgenson, 2006: Warming of perma-
frost in the Arctic National Wildlife Refuge, Alaska. Perma-
frost and Periglacial Processes, 17, pp. 65–69.

Osterkamp, T.E. and V.E. Romanovsky, 1999: Evidence for 
warming and thawing of discontinuous permafrost in Alaska. 
Permafrost and Periglacial Processes, 10, pp. 17–37.

Pagani, M., K. Caldeira, D. Archer, and J.C. Zachos, 2006: An 
ancient carbon mystery. Science, 314(5805), pp. 1556–1557.

Paull, C.K., P.G. Brewer, W. Ussler III, E.T. Peltzer, G. Rehder, 
and D. Clague, 2003: An experiment demonstrating that marine 
slumping is a mechanism to transfer methane from seafloor 
gas-hydrate deposits into the upper ocean and atmosphere. 
Geo-Marine Letters, 22(4), pp. 198–203.

Paull, C.K., W. Ussler III, and W.P. Dillon, 1991: Is the extent 
of glaciation limited by marine gas hydrates? Geophysical Re-
search Letters, 18, pp. 432–434.

Payette, S., A. Delwaide, M. Caccianiga, and M. Beauchemin, 
2004: Accelerated thawing of subarctic peatland permafrost 
over the last 50 years. Geophysical Research Letters, 31, 
L18208, doi:10.1029/2004GL020358.

Pecher, I.A., N. Kukowski, C. Huebscher, J. Greinert, and J. Bia-
las, and the GEOPECO Working Group, 2001: The link be-
tween bottom-simulating reflections and methane flux into the 
gas hydrate stability zone—New evidence from Lima basin, 
Peru margin. Earth and Planetary Science Letters, 185(3–4), 
pp. 343–354.

Peterson, L.C., G.H. Haug, K.A. Hughen, and U. Röhl, 2000: 
Rapid changes in the hydrologic cycle of the tropical Atlantic 
during the last glacial. Science, 290, pp. 1947–1951.

Ramaswamy, V., O. Boucher, J. Haigh, D. Hauglustaine, J. Hay-
wood, G. Myhre, T. Nakajima, G.Y. Shi, and S. Solomon, 
2001: Radiative forcing of climate change. In: Climate Change 
2001: The Scientific Basis. Contribution of Working Group I to 
the Third Assessment Report of the Intergovernmental Panel 
on Climate Change [Houghton, J.T., Y. Ding, D.J. Griggs, M. 
Noguer, P.J. van der Linden, X. Dai, K. Maskell, and C.A. 
Johnson (eds.)]. Cambridge University Press, Cambridge, 
United Kingdom, and New York, NY, USA, pp. 350–416.

Reeburgh, W.S., 2004: Global methane biogeochemistry. In: 
Treatise on Geochemistry. The Atmosphere, v. 4 [Keeling, R.F. 
(ed.)]. Elsevier, Amsterdam, pp. 65–89.

Rehder, G., P.W. Brewer, E.T. Peltzer, and G. Friederich, 2002: 
Enhanced lifetime of methane bubble streams within the 
deep ocean. Geophysical Research Letters, 29(15), 1731, 
doi:10.1029/2001GL013966.

Rehder, G., R.S. Keir, E. Suess, and M. Rhein, 1999: Methane 
in the northern Atlantic controlled by microbial oxidation and 
atmospheric history. Geophysical Research Letters, 26(5), 
pp. 587–590.

Riedel, M., G.D. Spence, N.R. Chapman, and R.D. Hyndman, 
2002: Seismic investigations of a vent field associated with gas 
hydrates, offshore Vancouver Island. Journal of Geophysical 
Research, 107(B9), 2200, doi:10.1029/2001JB000269.

Riordan, B., D. Verbyla, and A.D. McGuire, 2006: Shrinking 
ponds in subarctic Alaska based on 1950-2002 remotely sensed 
images. Journal of Geophysical Research, 111, G04002, 
doi:10.1029/2005JG000150.

Rogner, H.-H., 1997: An assessment of world hydrocarbon re-
sources. Annual Review of Energy and the Environment, 22, 
pp. 217–262.

Romanovsky, V.E., M. Burgess, S. Smith, K. Yoshikawa, and 
J. Brown, 2002: Permafrost temperature records: Indicator 
of climate change. Eos, Transactions, American Geophysical 
Union, 83, pp. 589–594.

Rothwell, R.G., M.S. Reeder, G. Anastasakis, D.A.V. Stow, J. 
Thomson, and G. Kähler, 2000: Low sea-level stand emplace-
ment of megaturbidites in the western and eastern Mediterra-
nean Sea. Sedimentary Geology, 135(1–4), pp. 75–88.

Saito, K., M. Kimoto, T. Zhang, K. Takata, and S. Emori, 2007: 
Evaluating a high-resolution climate model: Simulated hydro-
thermal regimes in frozen ground regions and their change 
under the global warming scenario. Journal of Geophysical 
Research, 112, F02S11, doi:10.1029/2006JF000577.

Sassen, R., S.L. Losh, L. Cathles III, H.H. Roberts, J.K. Whelan, 
A.V. Milkov, S.T. Sweet, and D.A. DeFreitas, 2001a: Massive 
vein-filling gas hydrate: Relation to ongoing gas migration 
from the deep subsurface in the Gulf of Mexico. Marine and 
Petroleum Geology, 18(5), pp. 551–560.

Sassen, R. and I.R. MacDonald, 1994: Evidence of structure H 
hydrate, Gulf of Mexico continental slope. Organic Geochem-
istry, 22, pp. 1029–1032.

Sassen, R., A.V. Milkov, H.H. Roberts, S.T. Sweet, and D.A. De-
Freitas, 2003: Geochemical evidence of rapid hydrocarbon 
venting from a seafloor-piercing mud diapir, Gulf of Mexico 
continental shelf. Marine Geology, 198(3–4), pp. 319–329.



237

Abrupt Climate Change

Sassen, R., S.T. Sweet, A.V. Milkov, D.A. DeFreitas, and M.C. 
Kennicutt II, 2001b: Thermogenic vent gas and gas hydrate in 
the Gulf of Mexico slope: Is gas hydrate decomposition signifi-
cant? Geology, 29(2), pp. 107–110.

Sazonova, T.S., V.E. Romanovsky, J.E. Walsh, and D.O. Ser-
gueev, 2004: Permafrost dynamics in the 20th and 21st cen-
turies along the East Siberian transect. Journal of Geophysical 
Research, 109, D01108, doi:10.1029/2003JD003680.

Schaefer, H., M.J. Whiticar, E.J.  Brook, V.V. Petrenko, D.F.  Fer-
retti, and J.P. Severinghaus, 2006: Ice record of δ13C for atmo-
spheric CH4 across the Younger Dryas-Pre Boreal Transition. 
Science, 313, pp. 1109–1112.

Schlesinger, W.H., 1997: Biogeochemistry: An Analysis of Global 
Change. Academic Press, San Diego, CA, 588 pp.

Schmidt, G.A. and D.T. Shindell, 2003: Atmospheric composi-
tion, radiative forcing, and climate change as a consequence of 
a massive methane release from gas hydrates. Paleoceanogra-
phy, 18(1), 1004, doi:10.1029/2002PA000757.

Schmitz, B., B. Peucker-Ehrenbrink, C. Heilmann-Clausen, G. 
Åberg, F. Asaro, and C.T.A. Lee, 2004: Basaltic explosive 
volcanism, but no comet impact, at the Paleocene-Eocene 
boundary: High-resolution chemical and isotopic records from 
Egypt, Spain and Denmark. Earth and Planetary Science Let-
ters, 225(1–2), pp. 1–17.

Schwander, J., 2007: Ice core methods—Chronologies. In: En-
cyclopedia of Quaternary Science, vol. 2 [Elias, S.A. (ed.)]. 
Elsevier, Amsterdam, pp. 1173–1181.

Schwander, J., J.-M. Barnola, C. Andrie, M. Leuenberger, A. Lu-
din, D. Raynaud, and B. Stauffer, 1993: The age of the air in the 
firn and the ice at Summit, Greenland. Journal of Geophysical 
Research, 98, pp. 2831–2838.

Serreze, M.C. and J.A. Francis, 2006: The arctic amplification de-
bate. Climatic Change, 76, pp. 241–264.

Serreze, M.C., J.E. Walsh, F.S. Chapin III, T. Osterkamp, M. 
Dyurgerov, V. Romanovsky, W.C. Oechel, J. Morison, T. 
Zhang, and R.G. Barry, 2000: Observational evidence of recent 
change in the northern high-latitude environment. Climatic 
Change, 46, pp. 159–207.

Severinghaus, J.P. and E.J. Brook, 1999: Abrupt climate change 
at the end of the last glacial period inferred from trapped air in 
polar ice. Science, 286, pp. 930–934.

Severinghaus, J.P., T. Sowers, E.J. Brook, R.B. Alley, and M.L. 
Bender, 1998: Timing of abrupt climate change at the end of 
the Younger Dryas interval from thermally fractionated gases 
in polar ice. Nature, 391, pp. 141–146.

Shakhova, N., I. Semiletov, and G. Panteleev, 2005: The distribu-
tion of methane on the Siberian Arctic shelves: Implications 
for the marine methane cycle. Geophysical Research Letters, 
32(9), L09601, doi:10.1029/2005GL022751.

Shindell, D.T., B.P. Walter, and G. Faluvegi, 2004: Impacts of cli-
mate change on methane emissions from wetlands. Geophysical 
Research Letters, 31, L21202, doi:10.1029/2004GL021009.

Sluijs, A., H. Brinkhuis, S. Schouten, S.M. Bohaty, C.M. John, 
J.C. Zachos, G.-R. Reichart, J.S.S. Damsté, E.M. Crouch, and 
G.R. Dickens, 2007:  Environmental precursors to rapid light 
carbon injection at the Paleocene/Eocene boundary. Nature, 
450, pp. 1218–1222.  

Sluijs, A., S. Schouten, M. Pagani, M. Woltering, H. Brinkhuis, 
J.S. Sinninghe Damsté, G.R. Dickens, M. Huber, G.-J. Reich-
art, R. Stein, J. Matthiessen, L.J. Lourens, N. Pedentchouk, J. 
Backman, K. Moran, and the Expedition 302 Scientists, 2006: 
Subtropical Arctic Ocean temperatures during the Palaeocene/
Eocene thermal maximum. Nature, 441, pp. 610–613.

Smith, D.E., S. Shi, R.A. Cullingford, A.G. Dawson, S. Dawson, 
C.R. Firth, I.D.L. Foster, P.T. Fretwell, B.A. Haggart, L.K. 
Holloway, and D. Long, 2004: The Holocene Storegga Slide 
tsunami in the United Kingdom. Quaternary Science Reviews, 
23(23–24), pp. 2291–2321.

Smith, L.C., Y. Sheng, G.M. MacDonald, and L.D. Hinzman, 
2005: Disappearing Arctic lakes. Science, 308, p. 1429.

Smith, L.K., W.M. Lewis, Jr., J.P. Chanton, G. Cronin, and S.K. 
Hamilton, 2000: Methane emissions from the Orinoco River 
floodplain, Venezuela. Biogeochemistry, 51, pp. 113–140.

Solheim, A., K. Berg, C.F. Forsberg, and P. Bryn, 2005: The 
Storegga slide complex: Repetitive large scale sliding with 
similar cause and development. Marine and Petroleum Geol-
ogy, 22(1–2), pp. 97–107.

Sowers, T., 2006: Late quaternary atmospheric CH4 isotope re-
cord suggests marine clathrates are stable. Science, 311(5762), 
pp. 838–840.

Spahni, R., J. Chappellaz, T.F. Stocker, L. Loulergue, G. Hausam-
mann, K. Kawamura, J. Flückiger, J. Schwander, D. Raynaud, 
V. Masson-Delmotte, and J. Jouzel, 2005: Atmospheric meth-
ane and nitrous oxide of the late Pleistocene from Antarctic ice 
cores. Science, 310, pp. 1317–1321.

Spahni, R., J. Schwander, J. Flückiger, B. Stauffer, J. Chappel-
laz, and D. Raynaud, 2003: The attenuation of fast atmospheric 
CH4 variations recorded in polar ice cores. Geophysical Re-
search Letters, 30(11), 1571, doi:10.1029/2003GL017093.

St. Louis, V.L., C.A. Kelly, E. Duchemin, J.W.M. Rudd, and D.M. 
Rosenberg, 2000: Reservoir surfaces as sources of greenhouse 
gases to the atmosphere: A global estimate. BioScience, 50, 
pp. 766–775.

Steele, L.P., E.J. Dlugokencky, P.M. Lang, P.P. Tans, R.C. Mar-
tin, and K.A. Masarie, 1992: Slowing down of the global ac-
cumulation of atmospheric methane during the 1980s. Nature, 
358(6384), pp. 313–316.

Stendel, M. and J.H. Christensen, 2002: Impact of global warm-
ing on permafrost conditions in a coupled GCM. Geophysical 
Research Letters, 29, doi:10.1029/2001GL014345.

Storey, M., R.A. Duncan, and C.C. Swisher III, 2007: Paleocene-
Eocene thermal maximum and the opening of the northeast At-
lantic. Science, 316, pp. 587–589.

Sturm, M., J.P. McFadden, G.E. Liston, F.S. Chapin III, C.H. Ra-
cine, and J. Holmgren, 2001: Snow-shrub interactions in Arc-
tic tundra: A hypothesis with climatic implications. Journal of  
Climate, 14, pp. 336–344.

Sultan, N., P. Cochonat, J.-P. Foucher, and J. Mienert, 2004: Ef-
fect of gas hydrates melting on seafloor slope instability. Ma-
rine Geology, 213(1–4), pp. 379–401.

Svensen, H., S. Planke, A. Malthe-Sørenssen, B. Jamtveit, R. 
Myklebust, T.R. Eidem, and S.S. Rey, 2004: Release of meth-
ane from a volcanic basin as a mechanism for initial Eocene 
global warming. Nature, 429(6991), pp. 542–545.



The U.S. Climate Change Science Program References

238

Taylor, M.H., W.P. Dillon, and I.A. Pecher, 2000: Trapping and 
migration of methane associated with the gas hydrate stabil-
ity zone at the Blake Ridge Diapir: New insights from seismic 
data. Marine Geology, 164(1–2), pp. 79–89.

Thomas, D.J., J.C. Zachos, T.J. Bralower, E. Thomas, and S. 
Bohaty, 2002: Warming the fuel for the fire: Evidence for the 
thermal dissociation of methane hydrate during the Paleocene-
Eocene thermal maximum. Geology, 30(12), pp. 1067–1070.

Thorpe, R.B., K.S. Law, S. Bekki, J.A. Pyle, and E.G. Nisbet, 
1996: Is methane-driven deglaciation consistent with the 
ice core record? Journal of Geophysical Research, 101, pp. 
28,627–28,635.

Torres, M.E., J. McManus, D.E. Hammond, M.A. de Angelis, 
K.U. Heeschen, S.L. Colbert, M.D. Tryon, K.M. Brown, and E. 
Suess, 2002: Fluid and chemical fluxes in and out of sediments 
hosting methane hydrate deposits on Hydrate Ridge, OR, I: 
Hydrological provinces. Earth and Planetary Science Letters, 
201(3–4), pp. 525–540.

Torres, M.E., K. Wallmann, A.M. Tréhu, G. Bohrmann, W.S. 
Borowski, and H. Tomaru, 2004: Gas hydrate growth, methane 
transport, and chloride enrichment at the southern summit of 
Hydrate Ridge, Cascadia margin off Oregon. Earth and Plan-
etary Science Letters, 226(1–2), pp. 225–241.

Tréhu, A.M., P.B. Flemings, N.L. Bangs, J. Chevallier, E. Gràcia, 
J.E. Johnson, C.-S. Liu, X.L. Liu, M. Riedel, and M.E. Tor-
res, 2004a: Feeding methane vents and gas hydrate deposits 
at south Hydrate Ridge. Geophysical Research Letters, 31, 
L23310, doi:10.1029/2004GL021286.

Tréhu, A.M., P.E. Long, M.E. Torres, G. Bohrmann, F.R. Rack, 
T.S. Collett, D.S. Goldberg, A.V. Milkov, M. Riedel, P. Schul-
theiss, N.L. Bangs, S.R. Barr, W.S. Borowski, G.E. Claypool, 
M.E. Delwiche, G.R. Dickens, E. Gràcia, G. Guerin, M. Hol-
land, J.E. Johnson, Y.-J. Lee, C.-S. Liu, X. Su, B. Teichert, 
H. Tomaru, M. Vanneste, M. Watanabe, and J.L. Weinberger, 
2004b: Three-dimensional distribution of gas hydrate beneath 
southern Hydrate Ridge: Constraints from ODP Leg 204. Earth 
and Planetary Science Letters, 222(3–4), pp. 845–862.

Turetsky, M.R., R.K. Wieder, and D.H. Vitt, 2002: Boreal peat-
land C fluxes under varying permafrost regimes. Soil Biology 
and Biochemistry, 34, pp. 907–912.

Turunen, J., E. Tomppo, K. Tolonen, and A. Reinikainen, 2002: 
Estimating carbon accumulation rates of undrained mires in 
Finland—Application to boreal and subarctic regions. The Ho-
locene, 12, pp. 69–80.

Uchida, T., S. Dallimore, and J. Mikami, 2002: Occurrences of 
natural gas hydrates beneath the permafrost zone in Macken-
zie Delta: Visual and X-ray CT imagery. In: Gas Hydrates: 
Challenges for the Future [Holder, G.D. and P.R. Bishnoi 
(eds.)]. Annals of the New York Academy of Sciences, v. 912, 
pp. 1021–1033.

Uchida, M., Y. Shibata, K. Ohkushi, N. Ahagon, and M. Ho-
shiba, 2004: Episodic methane release events from Last 
Glacial marginal sediments in the western North Pacif-
ic. Geochemistry, Geophysics, Geosystems, 5, Q08005, 
doi:10.1029/2004GC000699.

Valdes, P.J., D.J. Beerling, and C.E. Johnson, 2005: The ice age 
methane budget. Geophysical Research Letters, 32, L02704, 
doi.10.1029/2004GL021004.

Valentine, D.L., D.C. Blanton, W.S. Reeburgh, and M. Kastner, 
2001: Water column methane oxidation adjacent to an area of 
active hydrate dissociation, Eel River Basin. Geochimica et 
Cosmochimica Acta, 65(16), pp. 2633–2640.

van der Werf, G.R., J.T. Randerson, G.J. Collatz, L. Giglio, P.S. 
Kasibhatla, A.F. Arellano, Jr., S.C. Olsen, and E.S. Kasischke, 
2004: Continental-scale partitioning of fire emissions dur-
ing the 1997 to 2001 El Niño/La Niña period. Science, 303, 
pp. 73–76.

van Huissteten, J., 2004: Methane emission from northern wet-
lands in Europe during Oxygen Isotope Stage 3. Quaternary 
Science Reviews, 23, pp. 1989–2005.

Vogt, P.R., and W.Y. Jung, 2002: Holocene mass wasting on up-
per non-Polar continental slopes—due to post-Glacial ocean 
warming and hydrate dissociation? Geophysical Research Let-
ters, 29(9), 1341, doi:10.1029/2001GL013488.

Waddington, J.M., N.T. Roulet, and R.V. Swanson, 1996: Water 
table control of CH4 emission enhancement by vascular plants 
in boreal peatlands. Journal of Geophysical Research, 101, 
pp. 22,775–22,785.

Wagner, D., A. Gattinger, A. Embacher, E.-M. Pfeiffer, M. Schlot-
er, and A. Lipski, 2007: Methanogenic activity and biomass in 
Holocene permafrost deposits of the Lena Delta, Siberian Arc-
tic and its implication for the global methane budge. Global 
Change Biology, 13, pp. 1089–1099.

Wakeham, S.G., C.M. Lewis, E.C. Hopmans, S. Schouten, and 
J.S. Sinninghe Damsté, 2003: Archaea mediate anaerobic oxi-
dation of methane in deep euxinic waters of the Black Sea. 
Geochimica et Cosmochimica Acta, 67, pp. 1359–1374.

Walter, B.P., M. Heimann, and E. Matthews, 2001: Modeling 
modern methane emissions from natural wetlands. 2, Interan-
nual variations 1982–1993. Journal of Geophysical Research, 
106(D24), pp. 34,207–34,220.

Walter, K.M., S.A. Zimov, J.P. Chanton, D. Verbyla, and F.S. 
Chapin III, 2006: Methane bubbling from Siberian thaw 
lakes as a positive feedback to climate warming. Nature, 443, 
pp. 71–75.

Wang, X.-F., A.S. Auler, R.L. Edwards, H. Cheng, P.S. Cristalli, 
P.L. Smart, D.A. Richards, and C.-C. Shen, 2004: Wet periods 
in northeastern Brazil over the past 210 kyr linked to distant 
climate anomalies. Nature, 432, pp. 740–744.

Wang, Z.-P., X.-G. Han, G.G. Wang, Y. Song, and J. Gulledge, 
2008: Aerobic methane emission from plants in the Inner 
Mongolia Steppe. Environmental Science and Technology, 42, 
pp. 62–68, doi:10.1021/es071224l.

Washburn, L., J.F. Clark, and P. Kyriakidis, 2005: The spatial 
scales, distribution, and intensity of natural marine hydrocar-
bon seeps near Coal Oil Point, California. Marine and Petro-
leum Geology, 22(4), pp. 569–578.

Weinberger, J.L., K.M. Brown, and P.E. Long, 2005: Paint-
ing a picture of gas hydrate distribution with thermal im-
ages. Geophysical Research Letters, 32(4), L04609, 
doi:10.1029/2004GL021437.

Weitemeyer, K.A. and B.A. Buffett, 2006: Accumulation and 
release of methane from clathrates below the Laurentide and 
Cordilleran ice sheets. Global and Planetary Change, 53, 
pp. 176–187.



239

Abrupt Climate Change

Wickland, K.P., R.G. Striegl, J.C. Neff, and T. Sachs, 2006: Ef-
fects of permafrost melting on CO2 and CH4 exchange of a 
poorly drained black spruce lowland. Journal of Geophysical 
Research, 111, G02011, doi:10.1029/2005JG000099.

Wood, W.T., J.F. Gettrust, N.R. Chapman, G.D. Spence, and R.D. 
Hyndman, 2002: Decreased stability of methane hydrates in 
marine sediments owing to phase-boundary roughness. Nature, 
420(6916), pp. 656–660.

Xu, W.Y., R.P. Lowell, and E.T. Peltzer, 2001: Effect of seafloor 
temperature and pressure variations on methane flux from a 
gas hydrate layer: Comparison between current and late Pa-
leocene climate conditions. Journal of Geophysical Research, 
106(B11), pp. 26,413–26,423.

Yuan, D.X., H. Cheng, R.L. Edwards, C.A. Dykoski, M.J. Kelly, 
M.L. Zhang, J.M. Qing, Y.S. Lin, Y.G. Wang, J.Y. Wu, J.A. 
Dorale, Z.S. An, and, Y.J. Cai, 2004: Timing, duration, and 
transitions of the Last Interglacial Asian Monsoon. Science, 
304, pp. 575–578.

Zachos, J., M. Pagani, L. Sloan, E. Thomas, and K. Billups, 2001: 
Trends, rhythms, and aberrations in global climate 65 Ma to 
present. Science, 292, pp. 686–693.

Zachos, J.C., U. Röhl, S.A. Schellenberg, A. Sluijs, D.A. Hodell, 
D.C. Kelly, E. Thomas, M. Nicolo, I. Raffi, L.J. Lourens, H. 
McCarren, and D. Kroon, 2005: Rapid acidification of the 
ocean during the Paleocene-Eocene thermal maximum. Sci-
ence, 308(5728), pp. 1611–1615.

Zachos, J.C., M.W. Wara, S. Bohaty, M.L. Delaney, M.R. Pe-
trizzo, A. Brill, T.J. Bralower, and I. Premoli-Silva, 2003: A 
transient rise in tropical sea surface temperature during the 
Paleocene-Eocene Thermal Maximum. Science, 302(5650), 
pp. 1551–1554.

Zeebe, R.E. and P. Westbroek, 2003: A simple model for the 
CaCO3 saturation state of the ocean: The “Strangelove,” the 
“Neritan,” and the “Cretan” Ocean. Geochemistry, Geophysics, 
Geosystems, 4, 1104, doi:10.1029/2003GC000538.

Zhang, Y., W.J. Chen, and J. Cihlar, 2003: A process-based model 
for quantifying the impact of climate change on permafrost 
thermal regimes. Journal of Geophysical Research, D22, 
doi:10.1029/2002JD003354.

Zhang, Y., W.J. Chen, and D.W. Riseborough, 2007: Temporal and 
spatial changes of permafrost in Canada since the end of the 
Little Ice Age. Journal of Geophysical Research, 111, D22103, 
doi:10.1029/2006JD007284.

Zhuang, Q., J.M. Melillo, A.D. McGuire, D.W. Kicklighter, R.G. 
Prinn, P.A. Steudler, B.S. Felzer, and S. Hu, 2007: Net emis-
sions of CH4 and CO2 in Alaska: Implications for the region’s 
greenhouse gas budget. Ecological Applications, 17, pp. 203–
212.

Zillmer, M., E.R. Flueh, and J. Petersen, 2005a: Seismic inves-
tigation of a bottom simulating reflector and quantification of 
gas hydrate in the Black Sea. Geophysical Journal Internation-
al, 161(3), pp. 662–678.

Zillmer, M., T. Reston, T. Leythaeuser, and E.R. Flueh, 2005b: 
Imaging and quantification of gas hydrate and free gas at the 
Storegga slide offshore Norway. Geophysical Research Let-
ters, 32(4), L04308, doi:10.1029/2004GL021535.

Zimov, S.A., E.A.G. Schuur, and F.S. Chapin III, 2006: Permafrost 
and the global carbon budget. Science, 312, pp. 1612–1613.

Zühlsdorff, L., and V. Spiess, 2004: Three-dimensional seismic 
characterization of a venting site reveals compelling indications 
of natural hydraulic fracturing. Geology, 32(2), pp. 101–104.

Zühlsdorff, L., V. Spiess, C. Hübscher, H. Villinger, and A. 
Rosenberger, 2000: Implications for focused fluid transport 
at the northern Cascadia accretionary prism from a correla-
tion between BSR occurrence and near-sea-floor reflectivity 
anomalies imaged in a multi-frequency seismic data set. Inter-
national Journal of Earth Sciences, 88(4), pp. 655–667.

PHOTOGRAPHY CREDITS

Synopsis

Page VII, Near Palmer Station, Antarctic Peninsula; Jeff 
Kietzmann, Antarctic Photo Library, National Science 
Foundation

Excutive Summary

Page 1, Near Palmer Station, Antarctic Peninsula; Jeff 
Kietzmann, Antarctic Photo Library, National Science 
Foundation

Chapter 1

Page 9, Permafrost terrain with ice lens exposures, above the 
Arctic Circle, Alaska; Bruce Molnia, U.S. Geological 
Survey

Page 14, The view from the area around Palmer Station, 
Anvers Island, Antarctica; Jon Brack, Antarctic Photo 
Library, National Science Foundation

Page 15, Ice trench; U.S. Geological Survey

Page 19, Dry lake bed; U.S. Geological Survey

Page 21, Remotely Operated Vehicle (ROV) being deployed; 
Ocean Explorer, National Oceanic and Atmospheric 
Administration

Page 24, The Nathaniel B. Palmer moving through open 
sea ice; Michael Van Woert, National Oceanic and 
Atmospheric Administration

Chapter 2

Page 29, U-shaped glacial valley, Tracy Arm, Coast 
Mountains, Alaska; Bruce Molnia, U.S. Geological 
Survey

Page 31, Amundsen-Scott South Pole Station, South Pole, 
Antarctica; Bruce Molnia, U.S. Geological Survey

Page 32, Mendenhall Glacier, Alaska; Bruce Molnia, U.S. 
Geological Survey

Page 33, Calving glacier, Glacier Bay National Park, Alaska; 
Bruce Molnia, U.S. Geological Survey

Page 34, Crevasses on Taku Glacier, Tongass National 
Forest, Alaska; Bruce Molnia, U.S. Geological Survey



The U.S. Climate Change Science Program

240

Photography Credits

Page 38, Helicopter support, Antarctica research; U.S. 
Geological Survey

Page 42, Landsat image of Greenland ice sheet; U.S. 
Geological Survey

Page 55, Pancake ice, Antarctica; Zee Evans, Antarctic Photo 
Library, National Science Foundation

Page 56, Antarctic landscape; D.J. Jennings, Antarctic Photo 
Library, National Science Foundation

Page 59, Icebergs, Glacier Bay National Park, Alaska; Bruce 
Molnia, U.S. Geological Survey

Page 60, Glacier cave, Wrangell–St. Elias National Park, 
Alaska; Bruce Molnia, U.S. Geological Survey

Page 61, Antarctic iceberg; Patrick Rowe, Antarctic Photo 
Library, National Science Foundation

Page 62, A collapsed snow bridge between glaciers near 
Amsler Island, Antarctic Peninsula; Rebecca Shoop, 
Antarctic Photo Library, National Science Foundation

Chapter 3

Page 67, Dry lake bed; Jupiterimages, Inc.

Page 71, Colorado wildfire; U.S. Geological Survey

Page 72, Low water mark on Lake Mead, Arizona/Nevada; 
Jupiterimages, Inc.

Page 73, Sand dunes; Jupiterimages, Inc.

Page 79, California vineyard; Jupiterimages, Inc.

Page 82, Central Arizona Project aqueduct; U.S. Bureau of 
Reclamation

Page 89, Keet Seel Ruins, Navajo National Monument, 
Arizona; Peter Brown, National Oceanic and 
Atmospheric Administration

Page 92, Dusty harvest, Manitoba, Canada; Jupiterimages, 
Inc.

Page 94, Saharan sunset; Jupiterimages, Inc.

Page 102, Dust blowing near Canyonlands National Park, 
Utah; Jason Neff, U.S. Geological Survey

Page 108, Desert urbanization near Phoenix, Arizona; 
Charles Kazilek, Arizona State University

Page 111, Green River, Wyoming; K. Miller, U.S. Geological 
Survey

Page 112, New Orleans after hurricane Katrina; Mark 
Moran, Phil Eastman, and Dave Demers, National 
Oceanic and Atmospheric Administration

Chapter 4

Page 117, Atlantic Ocean at sunrise; Jupiterimages, Inc.

Page 120, U.S. Coast Guard Cutter Healy breaks ice in 
support of scientific research in the Arctic Ocean; 
Prentice Danner, U.S. Coast Guard

Page 121, NOAA satellite image of tropical storms Bonnie 
and Charley; National Oceanic and Atmospheric 
Administration

Page 127, Aboard research vessel Knorr off Baffin Island; 
Karen Johnson, Woods Hole Oceanographic Institution

Page 134, Meridional Overturning Circulation (MOC) 
monitoring device; United Kingdom Natural 
Environment Research Council RAPID-WATCH 
program

Page 135, Aboard research vessel Atlantis; Terry Joyce, 
Woods Hole Oceanographic Institution

Page 137, Temperate reef in Atlantic Ocean off North 
Carolina; National Oceanic and Atmospheric 
Administration

Page 144, Sunshine over Arctic Ocean; Chris Linder, Woods 
Hole Oceanographic Institution

Page 150, Calm water of the Atlantic Ocean as seen from 
the research vessel Knorr; Mary Carman, Woods Hole 
Oceanographic Institution

Page 154, Temperature/salinity instrument in Arctic Ocean; 
Peter Winsor, Woods Hole Oceanographic Institution

Chapter 5

Page 163, Earth’s atmosphere from the International Space 
Station; National Aeronautics and Space Administration

Page 167, Biomass burning; National Aeronautics and Space 
Administration

Page 174, Ice core archive; U.S. Geological Survey

Page 175, Permafrost in Spitsbergen, Svalbard; Olafur 
Ingolfsson, National Aeronautics and Space 
Administration

Page 176, Melting permafrost in Alaska; Bruce Molnia, U.S. 
Geological Survey

Page 177, Ice core recovered from West Antarctic Ice Sheet; 
Jay Johnson, Ice Coring and Drilling Services, West 
Antarctic Ice Sheet Divide Ice Core Project; Desert 
Research Institute; University of New Hampshire

Page 180, Rough seas in the Gulf of Mexico; Ocean Explorer, 
National Oceanic and Atmospheric Administration

Page 183, View of the Beaufort Sea; National Oceanic and 
Atmospheric Administration

Page 188, View of the Kenai Peninsula, Alaska; National 
Oceanic and Atmospheric Administration

Page 191, Coastal erosion of mud-rich permafrost along 
Beaufort Sea; U.S. Geological Survey

Page 193, Florida freshwater marsh; U.S. Geological Survey

Page 198, Midnight rainbow over Atigun Gorge, Brooks 
Range, Alaska; Dave Houseknecht, U.S. Geological 
Survey

Page 200, Bonanza Creek long-term ecological research 
station, Alaska; Mark Waldrop, U.S. Geological Survey


