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where z is an ”intermediate analysis increment” in observation space
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2) Effective Assimilation of Real Precipitation 
(Guo-Yuan Lien, E. Kalnay and T Miyoshi) 

•! Assimilation of precipitation has been done by changing the moisture Q in 
order to make the model “rain as observed”. 

•! Successful during the assimilation: e.g., the North American Regional 
Reanalysis had perfect precipitation! 

•! However the model forgets about the changes soon after the assimilation 
stops!  

•! The model will remember potential vorticity (PV). 
•! EnKF should modify PV efficiently, since the analysis weights will be 

larger for an ensemble member that is raining more correctly, because it 
has a better PV. 

•! However, ~7 years ago, we had tried assimilating precipitation 
observations in a LETKF-SPEEDY model simulation but the results were 
POOR! 

•! Big problem: precipitation is not Gaussian. 
•! We tried a Gaussian transformation of precipitation and it worked!  
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Tamara Singleton’s thesis 
Data Assimilation Experiments with a  

Simple Coupled Ocean-Atmosphere Model 

Questions she addressed: 
-- Which is more accurate: 4D-Var or EnKF? 
-- Is it better to do an ocean reanalysis separately, or as a 
single coupled system? 
-- ECCO is a version of 4D-Var where both the initial state 
and the surface fluxes are control variables. This allows 
ECCO to have very long windows (decades) and estimate 
the surface fluxes that give the best analysis.  
Is ECCO the best approach for ocean reanalysis?   



Answers to the Research Questions 
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-- Which is more accurate: 4D-Var or EnKF? 
Fully coupled EnKF (with short windows) and 4D-Var (with long 
windows) have about the same accuracy. 
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Fully coupled EnKF (with short windows) and 4D-Var (with long 
windows) have about the same accuracy. 
-- Is it better to do the ocean reanalysis separately, or as a single 
coupled system? 
Both EnKF and 4D-Var are similar and most accurate when 
coupled, but uncoupled (ocean only) reanalyses are quite good.  
-- Is ECCO 4D-Var with both the initial state and the surface 
fluxes as control variables the best approach? 
In our simple ocean model 4D-Var cannot remain accurate with 
very long windows. Our ECCO reanalysis remained satisfactory 
with very long windows but at the expense of less accurate 
fluxes. 
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ECCO does not improve the flux estimates 
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Basic idea for our coupled LETKF assimilation 
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Coupled Model 

Ensemble of Coupled Forecasts 

Ensemble of Coupled Analyses 

Thanks to  
Miyoshi, Penny 

yb = H (xb)

y



Without fully 
coupling we 
could not predict 
El Niño! 
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Human and Nature Dynamical model (HANDY) 
with Rich and Poor: for thought experiments  

 !y = Regeneration! y(" # y)# Production$ xCy

x = xE + xC
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!W = Production-Commoner consumption-Elite consumption = ! xCy " sxC " # sxE

! ~100

!

o"1-(D($k"'G2%1a(

 

xC = −αCxC + βCxC

xE = −αExE + βExE

α



Unequal Society: Irreversible, Type-N hFullE Collapse
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Human and Nature Dynamical model (HANDY) 
with Rich and Poor: a thought experiment  

κ =100
High Inequality 

The accumulated wealth starts decreasing at the time the total equivalent 
population crosses the Carrying Capacity. This “economic crisis” provides 
a very obvious indication that the population has grown beyond the 
sustainable level for the ecological system. If the overshoot is small, it 
oscillates towards equilibrium. If it is large, it leads to collapse. 

High Depletion 
 
lead to collapse 



Human and Nature Dynamical model (HANDY) 
with Rich and Poor: a thought experiment  
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Unequal Society: Irreversible, Type-N hFullE Collapse
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Unequal Society: Irreversible, Type-N hFullE Collapse
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Unequal Society: Soft Landing to Optimal Equilibrium
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If we reduce the depletion per capita to its optimal 
value and the inequality (         ) it is possible to reach 

a steady state and survive well 
! =10
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Consider the impact of adding fossil fuels, 
i.e., nonrenewable energy to Nature 

This is the classic HANDY1 full 
collapse scenario, with only 
regenerating Nature 

We then add to the 
regenerating Nature a 
nonrenewable Nature  

What happens 
when we add 
fossil fuels? 
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Impact of adding fossil fuel 
(nonrenewable) energy to Nature 

This is the classic HANDY full 
collapse scenario, with only 
regenerating Nature 

We added to the 
regenerating Nature a 
nonrenewable Nature  
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The collapse is postponed by ~200 years and 
the population increased by a factor of ~20! 

80K 4Million 
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