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Regional Climate Mode S

* Computer programs performing a physical down-
scaling over a limited domain region of the Earth

* Numerical discretized equations solved in a full 3D
flattened box domain

* Use same radiation boundary conditions as GCM

* Performances evaluated by comparing results
obtained when using Reanalysis data as BC

* Future scenario predicted using CMIP GCMs as BC
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Projection — fiattening the earth

* A map projection is a set of transformations used to represent the curved two-dimensional

surface of a globe on a plane.
 All projections distort the surface in some way and to some extent.
* Different map projections exist in order to preserve some properties of the sphere-like body at

the expense of other properties.

curvature, while a plane, a cylinder or a cone have zero
Gaussian curvature and are developable surfaces. This
mean You can construct them from a sheet of paper.
You cannot create a spherical shape from a single sheet
of paper.

Mathematically, a sphere has not null Gaussian Q
e A

Cylindrical Conical Azimuthal




GCM resolution

Motivation: The resolution of GCMs is still too coarse to
capture regional and local climate processes.

Technigue: Regional Climate Model (RCM) is one way
nested within a GCM in order to locallyincrease the model
resolution.

* Atmospheric Initial conditions (IC) and lateral
boundary conditions (LBC) for the RCM are obtained
from the GCM (Climate projection) or Reanalysis
(perfect LBC Hindcast).

* Climate boundary conditions are the same of the
driving GCM : the RCPs in CMIP Strategy: The GCM
simulates the response of the general circulation to
the large scale forcings, the RCM simulates the effect
of sub-GCM-grid scale forcings and provides fine
scale regional information

Technique borrowed from NWP




Boundary condition
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« ECMWF
* NCEP - NCAR
- JMA

* Future : CMIP GCM
* CMIP3
e CMIP5

The Regional model receives the physical
 CMIP6

boundary conditions from a Global model
* Past: Reanalysis experiments
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Down-scaling results

Dynamical Downscaling: Generation of small scales
by a high-resolution RCM driven by low-resolution
GCM data (See 900 hPa specific humidity right)
(From R. Laprise)

grid points (43 k)
=]8) 40 20 & 4
2,010 w ¥ w e - ¥

2]

HibE Worticity Marmaksed
KM Arppditiude

L=hPe VORT 5. DEV. |normolized)

8BS

s

1
Vo ia ume
{no =mnall ::-:l:’_: |

G_D ol A kb TR T T ——

I 1l
W rmher &




Extreme description

The GCM is close to the coarse resolution data, the RCMs to the high resolution data
This is what we expect from a downscaling exercise
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Regional Climate Model

Pros Cons

. * One-way nesting

 Comprehensive climate modeling system * No regional-to-global feedbacks
» Wide variety of applications * Technical issues in the nesting

* Process studies technique

* Paleo-climate  Domain, LBC procedure, physics, etc.

* Climate change « Not intended to correct systematic

P SRl U Uil . errors in the large scale forcing
 High resolution through multiple falds

nesting

- currently 3 to 50 km grid interval * Always analyze first the forcing fields

 Computationally demanding







Dynamical Core

Solve one form or another of the Navier-
Stokes equations for the motion of fluids.

Glenn

Navier-Stokes Equations  Research

3 - dimensional - unsteady Center

Time:t  Pressure: p Heat Flux: q

_ Density: p  Stress: 1 Reynolds Number: Re
Velocity Components: (uv,w)  Total Energy: Et Prandtl Number: Pr

Coordinates: (x,v,2)

Continuity: %_!:+ a(g:) 3 d(a!;ﬂ + d(gzw) ~0

x - Momentum: a(pu) + a(puz) + a(puv) + a(puw) - - a_p+ 1 {arxx + af!)’ + arxz}

ot ox dy oz 0x Re, | Ox dy Oz
Y - Momentum: 9(2v) + d(puv) + d(pv?) + d(pvw) — a_p+ 1 af"’ + a_f” + a'r,,
ot Ox dy 0z dy Re, | Ox dy 0z )

Z -Momentum &(pw) _d(puw) d(pww) dpw? __dp 1 {afﬂ 97y 01

r

Energy: ot dx ay 0z Oz R—e, dx * ay ¥ 0z )
a(Er) + a(uEr) + a(VE'.-') + d(wEy) __ a(up) _ a(vp) _ a(fvp) _ 1 [a"b + %4_ a'%
ot Ox dy Oz ox dy dz  RelPr,|0x dy 0Oz
+ ! .i(ur +VT  +WT )+.i(urx +vT +wr,)+.i(utu+vfz+wrzz)]
Re, [Ox ™ o = gy Y » Y Oz >




Physics packages S@d@a
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Parameterized solvers for sub-grid scale H I ij]
non resolved physical processes

Reflected solar Incoming solar Outgoing longwave ‘
radiation radiation radiation 235
l 107Wm-2 32w m2 235W m-2

107

342

Reflected by Emitted by the
clouds, aerosol atmosphere 4 Atmospheric
wlndow

67 Absorbed by the
‘ almosphere

Latent
78 heat

Wialocity Boundany Layer

W)

L T
Reflected by
the surface

Sedimentation

TeErmpeEratune Boordary Layer
- Freezing
Tix v l
Sedimentation
. Tl

Sedimentation




Required coupling
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Community Experiment




Tomorrow we will
Have the tutoriall
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Boundary condition
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:F(n)Fl(aLBC_amod)_F(n)F2A2(aLBC_amod)

ot

wuv Fyet T
A el Ak 4
B R e S e

2
jeatutstass qstent:

ale

I Rt SR Rt S e R P

B P e e Oas S S AR aas
el e o et e

IRE 0SS0 S0 0 S0 300088 S0
e R R R R RA SR SRS Nr Ra

’
-

The Regional model receives the physical
boundary conditions from a Global model

- ERA (EIN)
- NNRP
JRA

* NCEP - NCAR

« JMA
¢ Future : CMIP GCM

* ECMWF
* CMIP3
* CMIP5

* Past : Reanalysis experiments
* CMIP6

World Climate Research Programme
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