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First of all I would like to thank Dr Izuru Takayabu and members/secretaries of MRI to organise the workshop and to give me an occasion to present my recent work.

The title is changed from the original.  

The new title is “Connecting global and regional models: A two-way nesting approach.”

This is the work collaborating with Prof. Masahide Kimoto and many scientists/technicians and funds including the S5-3 project support the work.




Climate differed from Weather

Climate Simulation
• radiation & convection processes
• hydrostatic equation (coarse resolution)
• long-time & global integrations
Weather Prediction
• dynamical & cloud processes
• non-hydrostatic equation (fine resolution)
• short-term & regional forecasts
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Starting with the difference b/w climate and weather simulations. 

Climate is often defined as a long-term mean of the atmospheric state, while weather is thought to be an atmospheric state of a particular time and a particular site or region.

Simulation in meteorology, even climate simulation or weather simulation, are based on the same idea historically proposed by Bjerknes and realised by Charney and following Philips.  

However, climate simulation and weather simulation have been different each other from many point of views: why it is done, what processes are most important, how is the domain, how is the resolution, how long the model is integrated, and how the model output should be interpreted. 

Climate simulation, focusing on the statistical time-mean global climate, the calculating domain is of course the whole globe, the time integration is enough long but the resolution is often coarse to think of climate.  

The hydrostatic equation is mostly used in dynamics, but the processes of radiation and convection are more important in the climate energy balance. 

By contrast, weather simulation, focusing on one small-scale meteorological phenomenon or day-to-week forecast, the calculating domain is limited and the integration is not so long but the resolution is enough fine to think of weather. 

The non-hydrostatic equation is often used because cloud process and dynamics are important in weather phenomena.






Climate gets closer to Weather

Two purposes: 
1. high-resolution information.
2. precise physics.

 A very high-resolution model,  
universally simulating from climate to 
weather.
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Now the difference between climate and weather simulations getting closer, we want to know much more about smaller scales or to seek high resolution.

I think that there are two purposes sometimes mixing up to seek high resolution.

One purpose is to know more about regional climate or to seek spatial and temporal high-resolution information.

The other purpose is to know more about cloud-climate relationship or to seek precise physics.

For each purpose, anyway, we need a high-resolution global model, universally simulating from climate to weather.





Entirely or partially?
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Ideally if all computers had much much money to use an immense amount of computational resources without any hesatations, we might realise climate simulation with a high resolution in the entire globe. 

I call this way an entirely high resolution strategy and a MJO hindcast simulation has recently been succeeded in the Japanese NICAM  group. 

But an entire high resolution GCM needs much computational burden and such a model experiment cannot be done by anyone, anytime, and any cases. 

The compromise can be easily found if you accept the partial high resolution strategy, in which that most of the global domain is calculated using a coarser mesh-size and the domain where we want to know some detail is calculated using a fine mesh-size.  

If the climate model was liken /LAIKN/ to the motor car, the conventional GCM would be liken to be the gasoline engine car, the entirely high resolution GCM would be the electric vehicle, and the partial high resolution GCM would be the hybrid vehicle. 

The electric vehicle may be soon coming but is still a future technology, but the hybrid vehicle is practically used at the moment.  



Partially high-resolution strategy (PHS)

•
 

Variable grid GCM
(Deque and Piedelievre 1995, and

Fox-Rabinovitz et al. 2001, and more)

•
 

Two-way nesting GCM
(Lorenz and Jacob 2005,  and

Inatsu and Kimoto 2009)

•
 

Super-parameterization GCM
(Khairoutdinov and Randall 2001, and

Khairoutdinov et al. 2005)

high-res. info.

precise physics

Two purposes and three methods
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It is certain that the partial high-resolution strategy, PHS in short after that,  is one of the realistic choices. 

There are two purposes as I said before and three major methods that I will show you here.

One purpose is again to know much more about regional climate or spatially high-resolution information of a particular region.  

This direction can be interpreted as an extension of one-way dynamical downscaling.

The other purpose is to know much more about cloud-climate relation or precise physics in the global model.  

In three major methods in the PHS, variable grid GCM, seamlessly simulating the globe but the mesh size is changeable, may prefer the high-resolution information purpose; super-parameterization GCM, embedding cloud resolving model in every GCM mesh, actually pursue (perSUE) the bridge between climate simulation and cloud resolving. simulation and prefer the precise physics purpose.

 I believe the two-way nesting GCM is in between.

We pay attention to only the high-resolution purpose in this presentation.







The 1st paper in 2005 GRL.

Lorenz and Jacob (2005, GRL)
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Even though there are many obstacles, concerns, and/or cautions, I believe that two-way nesting approach is one of the practically reasonable choices in the PHS.

But as far as I know, there found only two publications about two-way nesting climate simulation.  

The first person who attempted to construct the two-way nesting GCM and to perform the model experiments is Philip Lorenz in Germany.  

He focused on the Maritime Continent, where the sea-breeze potentially impacts large-scale circulation and his two-way nesting experiments showed that the model could reduce a famous temperature bias in the tropical mid-troposphere.  






The 2nd paper in 2009 MWR.

L

LRegional Model Nested

AOGCM Running  
with Reflecting 

Regional Model Info

INCL=Interactive Nesting CLimate Model

Inatsu and Kimoto (2009)
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The 2nd paper on the two-way nesting GCM is just my work collaborating with Prof. Masahide Kimoto.

This was already introduced by Izuru Takayabu in the 1st day of the workshop.

I will show the detail soon later in this presentation.



An example of two-way nesting 
climate model result

Reference: Inatsu, M., and M. Kimoto, 2009: 
A scale interaction study on East Asian 
cyclogenesis using a general circulation 
model with an interactively nested regional 
model. Mon. Wea. Rev., 137, 2851-2868. 
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After that, I will show an example of the use of the two-way nesting GCM following the paper of Inatsu and Kimoto (2009)



GCM: MIROC
- Global, 3-dim, hydrostatic
- T42L20 Atmos & 1x1L48 Ocean
- Cumulus cloud parameterization
RAM: JMA/MRI NHM
- Regional, 3-dim, non-hydrostatic
- 40kmx40km L38 Atmos
- Cloud microphysics parameterization
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First as I said we have to prepare two models: GCM and RAM.

The GCM that I used is MIROC, jointly developed by the University of Tokyou and two other Japanese institutes.

The resolution is set as T42 in horizonatal wave  and 20 levels in vertical in the atmopshere.

The RAM here used is JMA/MRI non-hydrostatic model.

The resolution is set as 40-km in horizontal and 38 levels in vertical.

The scale gap b/w GCM and RAM meets the condition the big-brother experiments suggested and here we focus on the sub-synoptic scale.



1-way integration

T0 T1

#1 GCM

#3 RAM
#2

BC
BC(IC)

BC BC
GCMf

RAMf
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I will first explain the method of one-way and two-way nesting GCMs.

In the one-way nesting GCM, or the conventional dynamical downscaling, GCM and RAM is separately integrated.

GCM is first integrated from the initial time to the final time and we get the GCM output throughout the time period.  

RAM are separately integrated from initial to final using the boundary conditions provided from the GCM.



2-way integration

T0 T1

#1 GCM

#3 RAM
#2

#4

BC
BC(IC)

Δf=αΔfRAM

 

+
(1-α)ΔfGCM

BC

GCMf

RAMf
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In the two-way nesting GCM, GCM and RAM are simultaneously integrated.

First GCM integrated from a particular time t0 to the time one GCM step later t1 and we get the GCM output in the time period.  

RAM is next integrated from t0 to t1 using the boundary conditions provided from the GCM.

After the GCM and RAM integrations, we get the time increments of prognostic variables of GCM and RAM.  

Finally the GCM time increment is modified to proportional division of GCM and RAM time increments following the equations.  

The integration with alpha equal to 0 is the automatic conventional dynamical downscaling and we applied alpha equal to 0.5 in the two-way nesting GCM 

Repeating this time integration cycle, the two-way nesting GCM integration can be performed. 




What can 2-way nesting GCM do?

• It could enable us to investigate the 
effects of subsynoptic-scale 
phenomena to phenomena with larger 
scales. 
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Two-way nesting system is again a system combining GCM with RAM.  

The model can be used to investigate the effect of sub-synoptic-scale phenomena to phenomena with larger scales.

This is because the RAM with 40 km mesh size has a potential to reproduce synoptic and sub-synoptic scale phenomena and 2-way nesting GCM picks up the effect even within a particular nested domain.  

The topic is separated into two problems:  how does sub-synoptic scale eddy impact large-scale atmosphere?  and how does sub-synoptic scale topography impact large-scale atmosphere?

We will discuss two problems separately in section 1 and section 2 after this.



Section I
 Subsynoptic-scale eddy effect
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Section 1 is for the effect of sub-synoptic scale eddy to the large-scale atmosphere.



Surface height

• Ensemble experiments for 10 winters
• Same surface height for GCM & RAM

Experiments for Section I
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The map shows the domain of the RAM calculation embedded in the two-way nesting GCM.

Two integrations, one-way and two-way nesting GCMs, were done. 

The topography in section 1 is the smoothed topography that you see in the map.  

This is as smooth as the GCM, but we applied this topography in the RAM as well in section 1.

So we extract the effect of high-resolution eddy only and exclude the effect of high-resolution topography.

Both one-way and two-way nesting GCM is integrated from 10 different initial condition on 22 November and each ensemble integration is 105 days long.  





2-way GCM1-way GCM

1-way RAM

Effects of subsynoptic eddies

neglecting parm diff effect
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There are two experiments in section 1 and each experiment have GCM and RAM outputs.  

We then have four kinds of output: GCM in one-way, RAM in one-way, GCM in two-way, and RAM in two-way.

The one-way RAM and one-way GCM comparison reveals the effect of eddies in the limited nested region. 

Two-way GCM experiment, reflecting the effect of the RAM in the limited nested area, and its comparison with 1-way GCM shows the effect of eddies in the global domain.

The difference includes not only eddy effect but also physical parameterization difference effect between GCM and RAM. 
 
But the parameterisation effect can be neglected because the RAM is strongly forced by GCM from the sidewall boundary condition and because the phenomenon that we focus on is basically dynamically-driven.





2-way GCM diff 
1-way GCM

Effect of subsynoptic eddies (VhVh500)

1-way RAM diff 
1-way GCM
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We first look at the effect of sub-synoptic scale eddy in 500-hPa high-frequency meridional wind variance.

The difference b/w RAM in 1-way and GCM in 1-way shows more high-frequency variability in the limited domain.

The difference b/w GCM in 2-way and GCM in 1-way also shows more high-frequency variability, but only in the western North Pacific.



Effect to Planetary waves (Z500)

2-way GCM diff 1-way GCM
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The small-scale eddy effect actually enhances synoptic-scale eddy activity in the limited domain, but this effect does not change the planetary-scale activity.

For example, looking at 500-hPa geopotential height, there is little difference b/w 2-way and 1-way GCM.




Summary of Section I

• Section 1 revealed that the 
subsynoptic-scale eddies around 
Japan only modify synoptic-scale 
eddy activity in the Pacific. 
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So the experiments in section 1 suggested that sub-synoptic scale eddies around Japan only modify synoptic-scale eddy activity in the Pacific.



Section II
 Subsynoptic-scale topography 

effect
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The next section will discuss the effect of sub-synoptic topography to the larger-scale atmosphere.



Smooth RAM topography 

Experiments for Section II

Fine RAM topography      

Presenter
Presentation Notes
The model experiment setting is basically same as section 1. expect for the addition of the case of the fine RAM topography shown in the right panel.






Experiment Design

RAM 
topography 1-way 2-way

Fine 1F 2F

Smooth 1S 2S

Expts in Section 1 are 1S & 2S only.

Notice that 1F GCM equals to 1S GCM.

Presenter
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Hereafter the experiment named 1F for example 1-way model experiment with fine RAM topography and 1F RAM means the RAM output of 1F experiments.

There are 4 experiments and there are GCM and RAM outputs in each experiment, so that there are 8 outputs but 1F GCM is equivalent to 1S GCM.

Then there are 7 independent outputs in section 2.




2F GCM1F RAM

1S RAM

Effect of subsynoptic-scale topography

local effect global effect

2S GCM
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There are many outputs and they are complicated, but the comparison is easy to see the effect of sub-synoptic scale topography.

The comparison b/w 1F RAM and 1S RAM is the effect of the fine topography only in the limited area.

Two-way experiments both reflect the effect of topography information in the nested area and the comparison b/w 2F GCM and 2S GCM is the effect in the global area.



Effect to synoptic-scale
 

eddy activity 
(VhVh500)

2F GCM diff 2S 
GCM

1F RAM diff 1S RAM

?
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The topography effect in the limited area makes synoptic-scale eddy activity a little bit large but it is not significant. 

But the global effect in synoptic-scale eddy activity is significantly negative.





Effect to planetary-scale
 

eddy activity 
(V500)

1F RAM diff 1S RAM
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The contradiction in the local and global response to the sub-synoptic topography in Northeast Asia can be explained by the time-mean field response.

This is the response of 500-hPa meridional wind, the sub-synoptic topography effect make more northerly wind in the Asian Continent.



Effect to planetary-scale
 

eddy activity 
(U500)

1F RAM diff 1S RAM

Subsynoptic-scale RAM topography forces 
cyclonic circulation in the W Pacific.
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The sub-synoptic topography effect in 500-hPa zonal wind shows that westerly jet is stronger in the south of Japan and the westerly is weakened in the north of Japan.

So, the sub-synoptic scale topography makes the cyclonic circulation forcing in the Western Pacific.




Effect to planetary-scale
 

eddy activity

2F GCM diff 2S GCM
Z500

2F GCM diff 2S GCM
Vh Vh 500
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The cyclonic circulation forcing in the western North Pacific makes the global pattern with a significance, and this global pattern is consistent with the response in the synoptic-scale eddy activity.



Summary for Section II

The subsynoptic-scale topography

•
 

does not locally affect synoptic-scale 
eddy activity

 
in the W Pacific; but 

•
 

does significantly affect planetary-scale 
eddy activity. 
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So the experiments in section 2 suggested that sub-synoptic scale topography does not locally affect synoptic-scale eddy activity in the Pacific.

But it does significantly affect planetary-scale eddy activity.



General summary

•
 

The PHS is necessary to pursue both 
resolution effect and precise physics. 

•
 

Two-way nesting systems have been 
developed as one of the strategies 
and used for some scale-interaction 
problems.

•
 

I showed one example
 

of the use.
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This is the last slide.

The PHS is necessary to pursue both resolution effect and precise physics. 

Two-way nesting systems have been developed as one of the strategies and used for some scale-interaction problems.

I showed one example of the use.
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