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NO. 209 Chengfu Road, Haidian District, Beijing, China 100871
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and Oceanic Sciences of Peking University
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Madison University

2000.08 - 2002.08 Deputy director, Climate Research Centre, Nelson Institute for
Environmental Studies, Wisconsin - Madison University

1998.08 - 2002.08: Associate Professor, Department of Atmospheric and Oceanic Sciences,
Wisconsin - Madison University

1993.08 - 1998.08 Assistant Professor, Department of Atmospheric and Oceanic Sciences,
Wisconsin - Madison University

Education 1987.07-1991.10 Doctor. of physical oceanography-in MIT,
1982.02-1985.09 Master of meteorology in Institute of Atmospheric Physics, Chinese
Academy Of Sciences
1978.02-1982.02 Bachelor of applied mathematics, Nanjing meteorological institute,
China
Research Atmosphere-ocean-earth interactions, and climate dynamics; Ocean circulation
Topics dynamics; Paleoclimate simulation; The earth system simulation
Honors 2010 Fellow of the American Geophysical Union
2009 Senior fellow of Princeton University
2008, 2002, 1995  Faculty fellowship award, National Center for Atmospheric
Research
2008 Senior research fellow, Max Planck Institute/Hamburg University, Germany
2002 Senior Visiting Professor Award, Japan Ministry of Education, Culture,
Sports, Science and Technology
2001 The Yangtze River professor of Ministry of Education, China
1999 Vilas Associate Professor, Univ. Wisconsin-Madison
1995 Young Investigator Award, Office of Naval Research
1991 NOAA Global Change Postdoctoral Fellow Award



mailto:zliu3@wisc.edu

EREENFEXNHE

BEAF 2: XAEF XK ERH 10 BLAKE X

1.Liu, Z., S.G.H.Philander and R. Pacanowski, 1994: A GCM study of tropical -subtropical
upper ocean mass exchange. J. Phys. Oceanogr., 24, 2606-2623.

2.5un, D. and Z. Liu, 1996: Dynamic ocean-atmosphere coupling: a thermostat for the tropics.
Science, 272, 1148-1150.

3.Kutzbach J. and Z. Liu, 1997: Response of the African Monsoon to Orbital Forcing and Ocean
Feedbacks in the Middle Holocene. Science, 278, 440-443.

4.Liu, Z., 1999: Forced planetary wave response in a thermocline gyre. J. Phys. Oceanogr., 29,
1036-1055

5Wu. L, Z. Liu, R. Gallimore, R. Jacob, D. Lee, and Y. Zhong, 2003: Pacific Decadal
Variability: The Tropical Pacific Mode and the North Pacific Mode. J. Climate, 16,
1101-1120

6.Liu, Z., S. Vavrus. F. He, N. Wen and'Y.;.Zhong, 2005: Rethinking tropical ocean response to
global warming: the enhanced equatorial-warming. J. Clim.;18, 4684-4700

7.Liu, Z., M. Notaro, J. Kutzbach and N. Liu, 2006; Assessing global vegetation-climate
feedbacks from the observation. J. Clim., 19, 787-814.

8.Liu, Z., Y. Wang, R. Gallimore, M. Notaro, C. I. Prentice, 2006: On the cause of abrupt
vegetation collapse in North Africa during the Holocene: Climate variability vs.
vegetation feedback. Geophys. Res. Lett., 33, L22709, doi:10.1.29/2006GL028062

9.Liu, Z., Y. Liu, L. Wu and R. Jacob, 2007: Seasonal and Long-Term Atmospheric Responses
to Reemerging North Pacific Ocean Variability: A Combined Dynamical and Statistical
Assessment. J. Climate, 20, 955-980.

10.Liu, Z., B. Otto-Bliesner, F. He, E. Brady, P. Clark, J. Lynch-Steiglitz, A. Carlson, W.
Curry, E. Brook, R. Jacob, D. Erickson, J. Kutzbach, J. Cheng, 2009: Transient
Simulation of Last Deglaciation with a New Mechanism for Bdling-Alleral Warming.
Science, Science, 325, 310-314.
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1.Liu, Z., S.G.H.Philander and R. Pacanowski, 1994: A GCM study of tropical -subtropical

upper ocean mass exchange. J. Phys. Oceanogr., 24, 2606-2623

ABSTRACT

Experiments with an oceanic general circulation model indicate that the tropical and subtropical
oceanic circulations are linked in three ways. Far from coast in the oceanic interior, equatorial
surface waters flow poleward to the southern part of the subtropical gyre, and then are subducted
and returned in the thermocline to the upper part of the core of the Equatorial Undercurrent. There
is, in addition, a surface western boundary current that carries waters from the equatorial region to
the northern part of the subtropical gyre. After subduction, that water reaches the equator by
means of a subsurface western boundary current and provides a substantial part (2/3
approximately) of the initial transport of the Equatorial Undercurrent. The eastward flow in the
Equatorial Undercurrent is part of an-intense equatorial cell in which water rises to the surface at
the equator, drifts westward and poleward,then'sinks near 3<latitude to flow equatorward where it
rejoins the undercurrent.

2. Sun, D. and Z. Liu, 1996: Dynamic ocean-atmosphere coupling: a thermostat for the tropics.

Science, 272, 1148-1150.

ABSTRACT

The ocean currents connecting the western tropical Pacific Ocean with the eastern tropical
Pacific Ocean are driven by surface winds. The surface winds are in turn driven by the sea-surface
temperature (SST) differences between these two regions. This dynamic coupling between the
atmosphere and ocean may limit the SST in the tropical Pacific Ocean to below 305 kelvin even in
the absence of cloud feedbacks.

3. Kutzbach J. and Z. Liu, 1997: Response of the African Monsoon to Orbital Forcing and Ocean

Feedbacks in the Middle Holocene. Science, 278, 440-443.

ABSTRACT

Simulations with a climate model that asynchronously couples the atmosphere and the ocean
showed that the increased amplitude of the seasonal cycle of insolation in the Northern
Hemisphere 6000 years ago could have increased tropical Atlantic sea surface temperatures in late
summer. The simulated increase in sea surface temperature and associated changes in atmospheric
circulation enhanced the summer monsoon precipitation of northern Africa by more than 25
percent, compared with the middle Holocene simulation with prescribed modern sea surface
temperatures, and provided better agreement with paleorecords of enhanced monsoons.

4. Liu, Z., 1999: Forced planetary wave response in a thermocline gyre. J. Phys. Oceanogr.,

29,1036-1055

ABSTRACT

The response of a thermocline gyre to anomalies in surface wind stress forcing and surface
buoyancy forcing is investigated in light of planetary wave dynamics, both analytically and
numerically. The author’s theory suggests that anomalous Ekman pumping most efficiently
generates the non-Doppler-shift mode, which resembles the first baroclinic mode and has the
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clearest signal in the sea surface height field and the lower thermocline temperature field. The
non-Doppler-shift mode propagates westward rapidly regardless of the mean circulation.In
contrast, anomalous surface buoyancy forcing, which can be simulated by an entrainment velocity,
produces the strongest response in the advective mode, which resembles the second baroclinic
mode and has the largest signature in the upper thermocline temperature field. The advective mode
tends to propagate in the direction of the subsurface flow, but its propagation speed may differ
substantially from that of the mean flow. The theory is further substantiated by numerical
experiments in three ocean models: a 3-layer eddy-resolving quasigeostrophic model, a 2.5-layer
primitive equation model, and an oceanic general circulation model. Finally, relevance of the
theory to recent observations of decadal variability in the upper ocean and the climate system is
also discussed.

5.Wu. L, Z. Liu, R. Gallimore, R. Jacob, D. Lee, and Y. Zhong, 2003: Pacific Decadal
Variability: The Tropical Pacific Mode and the North Pacific Mode. J. Climate, 16, 1101-1120

ABSTRACT

Pacific decadal variability is studied in a series of coupled global ocean—atmosphere simulations
aided by two “modeling surgery” strategies: partial coupling (PC) and partial blocking (PB). The
PC experiments retain full “ocean—atmosphere coupling in selected regions, but constrain
ocean—atmosphere coupling elsewhere by prescribing the model climatological SST to force the
atmospheric component of the coupled system. In PB experiments, sponge walls are inserted into
the ocean component of the coupled- model at specified latitudinal bands to block the
extratropical-tropical oceanic teleconnection.Both modeling and observational studies suggest that
Pacific decadal variability is composed of two distinct modes: a decadal to. bidecadal tropical
Pacific mode (TPM) and a multidecadal North Pacific mode (NPM). The PC.and PB experiments
showed that the tropical Pacific mode originates predominantly from local: coupled
ocean—atmosphere interaction within the tropical Pacific. Extratropical-tropical teleconnections,
although not a necessary precondition for the genesis of the tropical decadal variability, can
enhance SST variations in the Tropics. The decadal memory in the Tropics seems to be associated
with tropical higher baroclinic modes. The North Pacific mode originates from local atmospheric
stochastic processes and coupled ocean—atmosphere interaction. Atmospheric stochastic forcing
can generate a weaker NPM-like pattern in both the atmosphere and ocean, but with no preferred
timescales. In contrast, coupled ocean—atmosphere feedback can enhance the variability
substantially and generate a basin-scale multidecadal mode in the North Pacific. The multidecadal
memory in the midlatitudes seems to be associated with the delayed response of the
subtropical/subpolar gyre to wind stress variation in the central North Pacific and the slow
growing/decaying of SST anomalies that propagate eastward in the Kuroshio Extension region.
Oceanic dynamics, particularly the advection of the mean temperature by anomalous meridional
surface Ekman flow and western boundary currents, plays an important role in generating the
North Pacific mode.

6. Liu, Z., S. Vavrus. F. He, N. Wen and Y. Zhong, 2005: Rethinking tropical ocean response to
global warming: the enhanced equatorial warming. J. Clim., 18, 4684-4700

ABSTRACT

The response of tropical Pacific SST to increased atmospheric CO, concentration is
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reexamined with a new focus on the latitudinal SST gradient. Available evidence, mainly
from climate models, suggests that an important tropical SST fingerprint to global warming is
an enhanced equatorial warming relative to the subtropics. This enhanced equatorial warming
provides a fingerprint of SST response more robust than the traditionally studied EI Nifp—like
response, which is characterized by the zonal SST gradient. Most importantly, the mechanism
of the enhanced equatorial warming differs fundamentally from the El Nifo—like response;
the former is associated with surface latent heat flux, shortwave cloud forcing, and surface
ocean mixing, while the latter is associated with equatorial ocean upwelling and
wind-upwelling dynamic ocean—atmosphere feedback.

7. Liu, Z., M. Notaro, J. Kutzbach and N. Liu, 2006: Assessing global vegetation-climate
feedbacks from the observation..J. Clim., 19, 787-814.

ABSTRACT

The feedback between “global vegetation greenness and surface air temperature and
precipitation is assessed using remote sensing observations of monthly fraction of
photosynthetically active radiation (FPAR) for 1982 to-2000-with'a 2.5°grid resolution. Lead/lag
correlations are used to infer vegetation—climate interactions. Furthermore, a.statistical method is
used to quantify the efficiency of vegetation feedback on climate”in the observations. This
feedback analysis provides a first quantitative assessment of global vegetation feedback on climate.
In northern mid- and high latitudes, vegetation variability is found to be driven predominantly by
temperature; in the meantime, vegetation also exerts a strong positive feedback on temperature
with the feedback accounting for over 10%-25% of the total monthly temperature variance. The
strongest positive feedback occurs in the boreal regions of southern Canada/northern United States,
northern Europe, and southern Siberia, where the feedback efficiency exceeds 1<C (0.1 FPAR) .
Over most of the Tropics and subtropics (outside the equatorial rain belt), vegetation is driven
primarily by precipitation. However, little vegetation feedback is found on local precipitation
when averaged year-round, with the feedback explained variance usually accounting for less than
5% of the total precipitation variance. Nevertheless, in a few isolated small regions such as
Northeast Brazil, East Africa, East Asia, and northern Australia, there appears to be some positive
vegetation feedback on local precipitation, with the feedback efficiency over 1 cm month™* (0.1
FPAR) . Further studies suggest a significant seasonal variation of the vegetation feedback in
some regions. A preliminary analysis also seems to suggest an enhanced intensity of the vegetation
feedback, especially on precipitation, at longer time scales and over a larger grid box area.
Limitations and implications of the assessment of vegetation feedback are also discussed. The
assessed vegetation feedback is shown to be valuable for the evaluation of vegetation—climate
feedback in coupled climate—vegetation models.

8. Liu, Z., Y. Wang, R. Gallimore, M. Notaro, C. I. Prentice, 2006: On the cause of abrupt
vegetation collapse in North Africa during the Holocene: Climate variability vs. vegetation
feedback. Geophys. Res. Lett., 33, L22709, d0i:10.1.29/2006GL 028062

ABSTRACT

The abrupt desertification over the northern Africa in the mid-Holocene is studied in both a
complex and a simple coupled climate-vegetation model. In contrast to the previous mechanism
that relies on strong positive vegetation-climate feedback and the resulted multiple equilibria, we
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propose a new mechanism in which the abrupt desertification is caused by low frequency climate
variability, rather than a positive vegetation-climate feedback. The implication of this new
mechanism to modelling and observation is also discussed.Citation: 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. vegetation feedback.

9. Liu, Z., Y. Liu, L. Wu and R. Jacob, 2007: Seasonal and Long-Term Atmospheric Responses to
Reemerging North Pacific Ocean Variability: A Combined Dynamical and Statistical Assessment.
J. Climate, 20, 955-980.

ABSTRACT

The atmospheric response:to.a North Pacific subsurface oceanic temperature anomaly is studied
in a coupled ocean—atmaosphere general circulation model using a combined dynamical and
statistical approach, with the focus on the evolution at seasonal and longer time scales. The
atmospheric response is first assessed dynamically with an ensemble coupled experiment. The
atmospheric response is found to exhibit a distinct:seasonal evolution and a significant long-term
response. The oceanic temperature anomaly reemerges each winter to force ‘the atmosphere
through an upward heat flux, forcing a clear seasonal atmospheric response/locally- over. the
Aleutian low and downstream over the North America/North Atlantic Ocean and the- Arctic
regions. The atmospheric response is dominated by the early winter response with~a.warm
SST-equivalent barotropic ridge and a wave train downstream. Starting in later winter, the
atmospheric response weakens significantly and remains weak throughout the summer. The
seasonal response of the atmosphere is then assessed statistically from the control simulation. It is
found that the major features of the seasonal response, especially the strong warm SST-ridge
response in early winter, are crudely consistent between the dynamical and statistical assessments.
The statistical assessment is finally applied to the observation, which also suggests a strong
seasonal atmospheric response locally over the North Pacific dominated by a warm SST-ridge
response in early winter.

One important conclusion is that the atmospheric response becomes more significant at
annual and longer time scales, with the signal/noise ratio increasing up to 4 times from the
monthly to the 4-yr mean response. This increased signal/noise ratio is caused by a much faster
reduction of the atmospheric internal variability toward longer time scales than that of the
response signal. The slow decrease of the response signal is due to the long persistence associated
with the subsurface ocean. This suggests that the subsurface extratropical oceanic variability could
have a much stronger impact on the extratropical atmosphere (and climate variability) at
interannual—interdecadal time scales than at monthly—seasonal time scales.

10. Liu, Z., B. Otto-Bliesner, F. He, E. Brady, P. Clark, J. Lynch-Steiglitz, A. Carlson, W. Curry,
E. Brook, R. Jacob, D. Erickson, J. Kutzbach, J. Cheng, 2009: Transient Simulation of Last
Deglaciation with a New Mechanism for Bdling-Allerad Warming. Science, Science, 325,
310-314.

ABSTRACT

We conducted the first synchronously coupled atmosphere-ocean general circulation model
simulation from the Last Glacial Maximum to the Bdling-Alleral (BA) warming. Our model
reproduces several major features of the deglacial climate evolution, suggesting a good
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agreement in climate sensitivity between the model and observations. In particular, our model
simulates the abrupt BA warming as a transient response of the Atlantic meridional overturning
circulation (AMOC) to a sudden termination of freshwater discharge to the North Atlantic
before the BA. In contrast to previous mechanisms that invoke AMOC multiple equilibrium and
Southern Hemisphere climate forcing, we propose that the BA transition is caused by the
superposition of climatic responses to-the transient CO2 forcing, the AMOC recovery from
Heinrich Event 1, and an AMOC overshoot.
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