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OUTLINE

1. What is the LES technique?

2. Can we nest LES inside a find -grid
NWP model?

3. How do we use LES to develop

SGS schemes for cloud -resolving
NWP models?



What is LES (of the PBL)?

oLarge eddi eso
contain most of turbulent kinetic energy
& carry most of fluxes.



What is LES (of the PBL)?
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LES solution of a convective PBL.:
chaotic flow field

temperature fluctuations near the surface updrafts



The premise of LES:

A Large eddies , with most energy and
fluxes, are explicitly calculated.

A Small eddies , consisting of little  energy
and fluxes, are parameterized based on
Inertial -range theory.

mm) LES is ideal for problems that are
Insensitive to small eddies.



Though LES has become a useful
t ool for PBL researc

So far it has been applied to idealized
PBLs: uniform or periodic surfaces

Real-world PBLsar e compl I c¢&



Challenges : Applications of LES
t owardsworlkad probl

—

complex terrain/canopy urban pollution

ocean waves cloud/weather & PBL



OBr uftoer ce 6

approach

Nest LES inside an NWP mode/

MM5 / WRF domain |

~ LES doma

~56m

~10km

- No more uniform sfc o r

- Include weather effects

operiodicbéd

/ssues ?



Simplaqeeriaent: LES-in-LES
(Moeng et al. 2007, MWR)

( Outer domain: coarse -grid LES-1
C Inner domain: fine-grid LES-2

C Same forcing and environment

C Well-studied, idealized PBL cases

m) \Would both ESsyield the same
(known) statisticgesolved 6GS) ?



LES-In-LES experiment using WRF
— two -way hesting —

LES-1

(outer domain;
periodic in x,y) .

LESE2

-~ (BCs from outer
-~ domain flow)

x LES-2 solution overwrites LES-1 solution.




With Smagorinsky -Deardorff SGS model.
Bias between LES -1 & LES-2
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Lesson learned: need a
two -part SGS model near the surface

depend on grid size
¥
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iIndependent of grid sizes

satisfy MO theory locally at the first grid lev
(Sullivan et al 1994)



With a two -part (hybrid) SGS model.
Bias disappeared

surface stress u-wind atz=10m
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1. Flows blend
INn smoothly.

2. Both LESSs vyield

uat midPBL similar statistics.

1

Moeng et al. 2007 MWR



LES-Iin-LES experiments —with proper
SGS— show promising results.

But there are issues for LES -In-NWP-model:

(1) Flows at nest boundaries are non -turbulent:
- LES spin -up time very long (~ 30 minutes)
- Inflow dlirections vary over complex terrain

(2) Different SGS physics in NWP and LES domains:
-oensemb/ eo wvsanpaa eSGS amode

(3) Multiple nests for smooth transition:
-how to hanmbet w8680 7?

m) Nesting LES inside an NWP model

remains a challenge.



OBr uftoer ce6 approach
Increase LES domain to include mesoscale systems
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Giga-LES of a tropical
convection system
d>=dy=100m

(2048¢2048x 256 grid points)
Khairoutdin@t al (2009; JAMES)

204.8 km

typical LESIomain

< 204.8 km~(a GCM grid cgh >



