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So why do this?



A pressing need for longer monsoon records:    excepting India, most
areas of monsoon Asia have few long instrumental climate records.

Asian PPT coverage: before 1940 large regions have no coverage;
even before 1951 western China and Tibet are still poorly covered.



Another reason:Another reason:
22 coupled climate models
used in the IPCC AR4 -- a lot
of differences in simulating
the summer monsoon.  LongLong
tree-ring reconstructionstree-ring reconstructions
may provide information thatmay provide information that
could help improve thecould help improve the
models.models.



Reconstructing Asian Monsoon Climate Dynamics

• A U.S. National Science Foundation sponsored
project “Tree-Ring Reconstructions of Asian
Monsoon Climate Dynamics” began in August,
2004 and is now finished. It resulted in the
recently published paper in Science:



The main research product of this project is the
ʻMonsoon Asia Drought Atlasʼ (MADA)

• Patterned after the highly successful North American
Drought Atlas (NADA; Cook and Krusic, 2004);

• Gridded drought reconstructed over Asian monsoon land
areas;

• The Asian monsoon metric reconstructed: the monsoon
season (JJA) Palmer Drought Severity Index (PDSI);

• The PDSI data source: Dai-Trenberth-Qian gridded data;
• The target field: June-July-August average PDSI on a 534

point 2.5° grid;
• The proxy data set: 327 annual tree-ring chronologies;
• The method of reconstruction:  Ensemble Point-by-Point

Regression (EPPR).



The Asian Monsoon Reconstruction Target Field

No tree-ring
data yet!
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Monsoon Reconstruction Target Field

Dai PDSI On A 534
Point 2.5° Grid



The Dai-Trenberth-Qian PDSI Data

Dai, A., K.E. Trenberth, and T. Qian, 2004: A global data
set of Palmer Drought Severity Index for 1870-2002:
Relationship with soil moisture and effects of surface
warming. Journal of Hydrometeorology 5:1117-1130.

Dai Palmer Drought Severity Index data provided by the
NOAA/OAR/ESRL PSD, Boulder, Colorado, USA.
http://www.cdc.noaa.gov/cdc/data.pdsi.html

Nominal time coverage:  1870-2005, but extremely noisy in
some regions at the grid point level and many missing
values and outliers over significant parts of Asia prior to
1951.



Gridded Dai PDSI data since 1951 mostly serially complete and best quality
- used for calibration - 1951-1989 (39 years) - outer year determined by the
common end year of tree rings.

Gridded pre-1951 Dai PDSI data has reasonable single-station coverage for
interpolation back to 1920 - used for verification - 1920-1950 (31 years) - but
22% of the data were missing and had to be estimated where possible!



The Asian Monsoon Tree-Ring Network

Common First Year:
1786

Common Last Year:
1990











Method of Climate Field Reconstruction

Ensemble Point-by-Point Regression (EPPR):
The mean of 24 ensemble members is presented here



After the MADA was produced based on the Dai PDSI grid with some
missing values replaced by monthly means, an alternative version of
the Dai PDSI grid was produced with all data infilled back to 1870 using
Regularized Expectation Maximization (RegEM). Doing so provided a
way of testing the robustness of the MADA based on EPPR.





Some Reconstructed ʻHistoricalʼ Droughts
in Full Spatial Detail now from the MADA

Lieberman, V. 2003.
Strange Parallels:
Southeast Asia
in a Global Context, C.
800-1830, Vol. 1.
Cambridge University
Press, Cambridge.

Shen et al. 2007.
Exceptional drought
events over eastern
China during the last
five centuries. Climatic
Change 85:453-471.

Davis. M. 2001. Late
Victorian Holocausts:
El Niño, Famines, and
the Making of the
Third World. Verso,
London.

Grove, R. 2007. The
great El Niño of 1789-
93 and its global
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reconstructing an
extreme climate event
in world environmental
history. The Medieval
History Journal 10:75-
98.

Dasuopu snow accumulation
from Takata et al. 2009, PNAS



What can cause drought
in this region?

What causes drought to
persist for decades?

Underlying large-scale modes
may point the way.



Distinct EOF Analysis
(Dommenget. 2007. Evaluating EOF modes against a stochastic null hypothesis. Climate Dynamics 28:517-531)

Analysis of Two Extracted Modes in the MADA

DEOF1 mode concurrent
with pre-monsoon/
monsoon season
tropical SSTs; interdecadal
ENSO or IPO mode?

Dominant same-sign
loadings over India and
Southeast Asia, with
opposite sign loadings
over the Tibetan Plateau,
northern Pakistan, and
the Pamir and Tien-Shan
Mountains.

Strong same-sign loadings
over the eastern Tibetan
Plateau and central China,
with opposite sign loadings
elsewhere.

DEOF4 mode lags winter (DJF)
season tropical Pacific and
Indian Ocean SSTs; canonical
ʻcold tongueʼ ENSO mode?

Wavelet Spectrum Wavelet Spectrum
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(from Dai and Wigley, 2000)

Annual precipitation anomaly (mm)
for typical El Niños

El Niño brings drought to Monsoon Asia



Positive IPO
Drought over India

Negative IPO
Drought over Great Basin

Interdecadal Pacific Oscillation (IPO):  multi-decadal variability over most of the Pacific,
whereas PDO only over north Pacific region.  Involves tropical to mid latitude air-sea
interactions, wind-forced Ocean Rossby waves near 20˚N - 25˚S. Distinct from ENSO.

(from Meehl and Hu, 2006, J.Clim)



Correlation of PC time series from IPO with 13-year low-pass filtered land precipitation (1901-2000).

(from Meehl and Hu, 2006, J.Clim)

So what about trans-Pacific Basin teleconnections between
Asia and North America with global SSTs as the bridge?

-- Large-scale comparisons of the MADA and NADA --

SSTs

MADA NADA

SSTs

SSTs



Comparisons of MADA and NADA and DJF SSTs for
Two Great El Niños in 1876-1878 and 1918-1919

Overall patterns of dry over Asia and wet over North America are
consistent with expectation, but the spatial details differ in ̒ non-canonicalʼ
ways, due perhaps to differences in non-tropical Pacific SSTs.



Proxy-Surrogate Reconstruction (PSR)
first introduced by Nick Graham

An analog technique for the combined use
of proxy records and model results . . .



COSMOS MILLENNIUM MPI [Jungclaus et al]

Atmosphere model ECHAM5, the ocean model MPIOM,
and modules for land vegetation (JSBACH) and ocean
biogeochemistry (HAMOCC). Model experiments are
carried out using the COSMOS ASOB model with
ECHAM5 in T31/L19 and MPIOM in GR3.0/L40 resolution.
Ensemble of five simulations spanning the time 800 AD to
2005 AD, applying reconstructions of natural forcing
(volcanic aerosols and Total Solar Irradiance, TSI) and
anthropogenic forcing (land-cover changes, greenhouse
gas emissions).

Model Used for PSR Tests



Tropical Asian Severe Drought COSMOS Analogs

JJA Model PDSI anomalies 11 yr Butterworth Filter, n = 156 from 6000 model years

Convective precipitation anomaly (mm/day) SST anomaly (°C)

Anchukaitis, Cook, Buckley, Jungclaus et al. in preparation

Constrain analogs with observed Bidoup Nui Ba and Dandak < -1 PDSI



Asian + North American Drought COSMOS Analogs

JJA Model PDSI anomalies 11 yr Butterworth Filter, n = 98 from 6000 model years

Convective precipitation anomaly (mm/day) SST anomaly (°C)

Anchukaitis, Cook, Buckley, Jungclaus et al. in preparation

Constrain analogs with observed sign of Bidoup Nui Ba, Dandak, and North America



Convective precipitation anomaly (mm/day)

SST anomaly (°C)

A possible role for El Niño Modoki?

(Ashok and Yamagata 2009, Yeh et al. 2009)

Anchukaitis, Cook, Buckley, Jungclaus et al. in preparation



How can the MADA be used
to test climate models?

 
How about testing the impact

of explosive volcanism on
monsoon climate.

 
The influence of volcanic eruptions on the climate

of the Asian monsoon region
K.J. Anchukaitis, B.M. Buckley, E.R. Cook, B.I. Cook, R.D. D’Arrigo,

C.M. Ammann (Geophysical Research Letters, in review)



Climate models say that explosive volcanism
should produce drought in East and Southeast Asia.

PDSI values derived from the millennium forced simulation of the NCAR CSM 1.4
[Ammann et al., 2007] and composited by the number of volcano key years indicated.

But are they right?



After compositing volcano key year patterns of PDSI in the
MADA based on the same three separate published key year
lists and testing using superposed epoch analysis we get:



The model results do not agree with the MADA, which
suggests a deficiency in the NCAR CSM 1.4 model.
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The model results do not agree with the MADA, which
suggests a deficiency in the NCAR CSM 1.4 model.

WetWet WetWet WetWet
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This result is not unique to NCAR CSM 1.4
(e.g. NCAR CCSM3). The obvious mismatch
between models and our well-validated
paleoclimate observations may provide a way
for modelers to diagnose and improve their
GCMs. This is the natural progression of
model/proxy integration that should lead to
increased future cooperation between climate
field paleoclimatologists and modelers.



Conclusions
• A Monsoon Asia Drought Atlas (MADA) based on gridded PDSI has

been developed from a network of climatically sensitive tree-ring
series using ensemble point-by-point regression (EPPR);

• EPPR appears to work well in noisy data situations where both the
climate grid and tree-ring network are sub-optimal for reconstruction;

• EPPR also appears to be reasonably robust to changes in the
climate data grid based on different infilling and smoothing methods;

• The MADA covers the past millennium and reveals numerous
periods of monsoon failure and megadrought - some in the historical
record and others previously unknown;

• The cause of these droughts is most likely tied to SSTs in the tropical
Pacific (ENSO) and to larger-scale Pacific basin conditions (IPO).

• Tests of volcanic forcing of monsoon climate over Asia using the
MADA suggest that coupled climate models are not correctly
modeling the impact of this forcing over Asia.




