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Abstract

The possible role that tropical Pacific SSTs played in driving the megadroughts
over North American during the Medieval period is addressed. Fossil coral records
from Palmyra are used to derive tropical Pacific SSTs for the period from 1320 to
1462 A.D and shows overall colder conditions as well as extended multidecadal La
Nina-like states. The reconstructed SSTs are used to force a 16 member ensemble of
atmosphere GCM simulations, each with different initial conditions, with the atmo-
sphere coupled to a mixed layer ocean outside of the tropical Pacific. Model results
are verified against North American tree ring reconstructions of Palmer Drought
Severity Index. A singular value decomposition analysis is performed using the
soil moisture anomaly simulated by another 16 member ensemble of simulations
forced by global observed SSTs for 1856 to 2004 and tree ring reconstructions of
Palmer Drought Severity Index for the same period. This relationship is used to
transfer the modeled Medieval soil moisture anomaly (relative to the modern simula-
tion) into a model-estimated Palmer Drought Severity Index. The model-estimated
Palmer Drought Severity Index reproduces many aspects of both the interannual and
decadal variations of the tree ring reconstructions and an overall drier climate that
is drier than the tree ring records suggest. The model-estimated Palmer Drought
Severity Index simulates two previously-identified 'megadroughts’, 1360-1400 A.D.
and 1430-1460 A.D., with realistic spatial pattern and amplitude. In contrast the
model fails to produce a period of more normal conditions in the early fifteenth cen-
tury that separated these two megadroughts. The dynamical link between tropical
SSTs and the North American megadroughts is akin to that operating in modern
droughts. The model results are used to argue that the tropical Pacific played an
active role in driving the megadroughts. However the match between simulated and
reconstructed hydroclimate is such that it is likely that both the coral-reconstructed
SST anomalies contain significant errors and that SST anomalies in other basins also
played a role in driving hydroclimate variations over North America during the late

Medieval period.
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1. Introduction

In 1929 and 1935 the archaeologist A. E. Douglass reported on the first efforts to date the
occupation times of the abandoned Indian settlements in the Four Corners region of the
American Southwest (Douglass, 1929, 1935). Douglass linked together tree ring records
from living trees, beams within occupied Indian structures and beams from the abandoned
settlements. This provided precise dates for when the trees were felled for use as building
material and identified the period of occupation as the early part of the last millennium.
In the process Douglass (1929) identified a period of unusually narrow tree ring widths in
the last two decades of the thirteenth century which he referred to as the ’Great Drouth
[sic]” and speculated on how this might have impacted Indian societies. This was the first
account of what have since been referred to as the '’Medieval megadroughts’ a series of
intense and long-lived droughts that afflicted western North America, from the Plains to
the Pacific and from current Mexico to current Canada, between about 800 A.D. and 1500
A.D. ! Later, Dillehay (1974) also identified the late thirteenth century drought based
on the small number of bison bones in Indian hunting camp sites in the southern Plains
that date to that time.

Recent research has extended our knowledge of the megadroughts. Stine (1994) dated
tree stumps submerged in rivers and lakes in the Sierra Nevada Mountains of California
to identify long periods of Medieval aridity during which the trees lived before dying
when waters rose at the termination of the megadroughts. Stine’s aridity periods are
roughly the tenth and eleventh centuries and the thirteenth and early fourteenth centuries.
Woodhouse and Overpeck (1998) summarized widespread evidence, including paleo lake
levels, tree rings, submerged tree stumps, sand dune activity etc. that substantiated

widespread aridity in Medieval times over the American West. The megadroughts then

'The term megadrought has no precise definition but best refers to droughts that have an intensity
at least equivalent to modern multiyear droughts but lasted longer than the several years to a decade of
those (see Herweijer et al. (2007)). Here we adopt the commonly used European historian’s definition
of the Medieval period as lasting until the later half of the fifteenth century and terminating with the
Turkish capture of Constantinople, the rise of the Tudors in England or some such event.



came into much better focus with the development of a gridded network of annual tree
ring data (Cook and Krusic, 2004; Cook et al., 2004). The reconstructions of summer
Palmer Drought Severity Index showed an overall drier period in the West from roughly
800 A.D. into the Fifteenth Century followed by wetter centuries and some drying in the
historical period. Herweijer et al. (2007) analysed the records in more detail to show
that the period of Medieval aridity was made up of a succession of multidecadal droughts
with spatial patterns very similar to modern multiyear droughts (such as the Dust Bowl,
1950s, or the three mid to late Nineteenth Century droughts) and also with comparable
magnitude in any one year, but with persistence that has not been seen since. Stahle
et al. (2007) has used the tree ring reconstructions to identify late fourteenth century and
middle fifteenth century megadroughts that had continental scale impacts.

The causes of the Medieval megadroughts are not yet known although there has been
ample speculation. However, buoyed by the availability of instrumental sea surface tem-
perature (SST) data that extends back to 1856, climate modelers have recently attributed
the 1930s Dust Bowl drought to small variations of tropical Pacific and tropical Atlantic
SST anomalies (Schubert et al., 2004b,a) on the basis that atmosphere models forced by
the observed SSTs produce a drought over North America during this decade. Seager
et al. (2005b) and Herweijer et al. (2006) have also used SST-forced atmosphere model
simulations to argue that all of the major historical droughts from 1856 to 2000 were
forced by tropical SST variations with the Pacific as the driver. Hoerling and Kumar
(2003) and Seager (2007) have made much the same case for the 1998-2002 period of
the most recent drought. It is La Nina-like SST anomalies that force drought in western
North America - and at similar latitudes in both hemispheres and at almost all longitudes
- with warm subtropical North Atlantic SST anomalies appearing to play a supporting
role (Schubert et al., 2004b; Seager, 2007; Seager et al., 2008).

While it is clear that the models do not reproduce the observed droughts with utter
fidelity - in particular the Dust Bowl drought in all models is too far south of the observed

one and did not impact the northern Rocky Mountain States and Northwest as was



observed (Seager et al., 2008) - the case is compelling that the historical droughts were
part of global hydroclimate anomalies that were orchestrated in the tropics. The similar
spatial patterns of the modern and Medieval megadroughts suggests that they may have
had similar origins, i.e. that the tropical Pacific became La-Nina-like for long periods
and, perhaps, there was also a warmer Atlantic too, a case made by Seager et al. (2007a).
This contention draws some support from discontinuous reconstructions of tropical Pacific
SSTs from corals which suggest colder conditions during the Medieval period (Cobb
et al., 2003) and from a pattern of global Medieval hydroclimate that is best explained by
a combination of a La Nina-like state with a warm North Atlantic (and a positive North
Atlantic Oscillation) (Seager et al., 2007a).

Past intensified aridity is of interest since projections of 21" Century climate with
coupled general circulation models (GCMs) forced by projected changes in radiative forc-
ing show widespread subtropical drying becoming well established early in the current
century (Seager et al., 2007b). Southwestern North America is one region that dries.
This has been attributed to an overall warming of the surface and atmosphere which 1)
intensifies the atmospheric hydrological cycle making wet areas wetter and dry areas drier
and 2) causes the Hadley Cell to expand poleward and the storm tracks to shift poleward
which together cause a poleward expansion of the subtropical dry zones (Held and Soden,
2006; Lu et al., 2007; Seager et al., 2007b). In the model projections the drying is not
related to any pattern of tropical SSTs and, hence, appears potentially mechanistically
distinct from the Medieval droughts.

The idea that back to back, persistent, multidecadal droughts over a period of cen-
turies can occur for mechanisms distinct from those operating in model projections of
future drying is concerning. For example, the Medieval period was supposedly a time
of higher solar irradiance, weaker volcanism (Crowley, 2000) and colder tropical Pacific
SSTs (Cobb et al., 2003), than in the subsequent centuries that had warmer tropical
Pacific SSTs (Cobb et al., 2003) and lesser aridity over the West (Cook et al., 2004).

Positive radiative forcing has been linked to a La Nina-like tropical Pacific response within



intermediate models (Clement et al., 1996; Mann et al., 2005; Emile-Geay et al., 2007).
However, coupled GCMs do not, in general, respond this way to rising greenhouse gases
(Collins, 2005; Vecchi et al., 2006; Vecchi and Soden, 2007). This could mean that (i)
coupled GCMs are missing a fundamental response of the tropical Pacific to radiative
forcing, (ii) the tropical Pacific climate system responds to solar and greenhouse gas forc-
ing in different ways or (iii) the Medieval state of the tropical Pacific may be the result
of internal variability of the climate system on multicentennial timescales which we cur-
rently have no understanding of whatsoever. All three of these possibilities are sobering
because they reveal a basic lack of understanding of recent climate change, the ability of
models to reproduce these and, hence, concerns regarding the reliability of future climate
projections.

These considerations make clear that it is important to better understand the medieval
megadroughts, their global context and causes. Are they past analogues of projected
future aridity, both a response to positive radiative forcing? Alternatively, did they arise as
a response to solar and volcanic forcing, mediated by the tropical Pacific atmosphere-ocean
system, which is different from the projected future response to greenhouse gas forcing?
Or did they arise from processes hitherto unknown? We do not pretend to answer all these
questions here and will just test the idea that tropical Pacific SSTs were an important
driver of increased Medieval aridity. This is possible because of the development of coral-
based reconstructions of tropical Pacific SSTs that provide continuous records for discrete
intervals of the Medieval period (Cobb et al., 2003) and which have a broad consistency
with other tropical Pacific ocean proxies (Graham et al., 2007; Seager et al., 2007a).
After the work described here was completed a high resolution Mg/Ca based record of
SST since 1200 A.D. from the Cariaco Basin was published (Black et al., 2007) that could
probably be used to reconstruct tropical to subropical Atlantic SSTs. However here we
focus on the possible role of the tropical Pacific while recognizing the potential importance
of Atlantic SST anomalies in both forcing drought and offsetting Pacific forcing. Hence

here we will:























