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Paleoclimate record of Common Era is best chance of extending 
instrumental record with similar spatial and temporal resolution 



                                             Why decadal-to-centennial timescales?
Projecting Future Hydroclimate!
•  How will hydroclimate respond to increasing greenhouse gas 
concentrations over the next decade to century?

•  How will these forced changes combine with internal climate 
variability to determine the actual impacts of hydroclimate change?

•  Are models able to capture the full range of internal and forced 
components of past hydroclimate change on decadal-to-centennial 
timescales?
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A case study of 
megadroughts
-North American Drought Atlas:
a tree-ring based reconstruction 
(Cook et al. 2009)
-JJA PDSI
-On a grid for 
1000-2000 C.E.



A case study of 
megadroughts 



A case study of 
megadroughts 
-Do models simulate megadroughts?

YES
-Droughts are largest departures from
mean



A case study of 
megadroughts 
-Do models simulate megadroughts?

YES

-Droughts are largest departures from
mean



A case study of 
megadroughts 
-Do models simulate megadroughts?

YES
-Are megadroughts more probable in 
the future?



A case study of 
megadroughts 
-Do models simulate megadroughts?

YES
-Are megadroughts more probable in 
the future?

CMIP5 Range 
CMIP5 Mean

N = 17}



A case study of 
megadroughts 
-Do models simulate megadroughts?

YES
-Are megadroughts more probable in 
the future?

YES

CMIP5 Range 
CMIP5 Mean

N = 17}



                                     Can we do better?

      Drought is a 
spatio-temporal 

phenomenon

                                                         3) We’d like to know if models can tell us something 
                          realistic about that



                                     Can we do better?

      Drought is a 
spatio-temporal 

phenomenon
                                                         3) We’d like to know if models can tell us something 

                          realistic about that
                                                         Do models represent past drought variability  
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Identify (and characterize) droughts in 3D

space-time grid point

spatial bounds of SW and temporal length of drought

Assign to each space-time grid point a 
1 (drought) or 0 (normal state)

Finding the most likely configuration of a 
binary Markov Random Field (MRF)
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Width = max # of spatial grid points in any year of drought = 55  

Year C.E. (# spatial grid points)

Width = max(22, 41, 26, 18, 28, 31, 55, 37, 19, 26) = 55



Length = max # of years that any spatial grid point is in drought = 6  

Length = max(1, 1, 1, 6, 6, 3, 3, 2, 6, 6, 6, 6, 3, 1, 3, 2, 6, 6, 2, 3, 5, 6, 6, 6, 2, 
4, 4, 5, 6, 6, 6, 6, 2, 4, 4, 5, 5, 5, 6, 6, 1, 4, 5, 4, 2, 2, 4, 4, 4, 2, 4, 4, 1, 1, 1, 3, 
3, 3, 3, 4, 4, 2, 2, 1, 2, 2, 2, 2, 3, 2, 2, 1, 1, 2, 2, 2, 2, 2, 2, 2, 1, 1, 2, 2 ) = 6

lat; lon
year

drought
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Up to now just shown one drought over NA
-Calculate from 1000-2000 C.E.
-Also calculate for the    OW   and    MA 

-Same grid and time period 4 CESM, 1 CCSM and 1 IPSL simulations
-Same grid through 2100 C.E. use 32 CMIP5 simulations



What are we going to analyze?

-How do megadrought characteristics change in the future? 

-Expect to some broad consistency if we want to trust model 
projections of megadroughts

Top ten most severe = megadroughts
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-100 year intervals paleoclimate record
(1000-2000 C.E.)
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