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Presentation 

- Introduction to the physics parameterizations 

- PBL parameterizations in atmospheric models

- YSU PBL scheme (stable PBL)

- Strategy for development (personal)
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Introduction to Physical processes in atmosphere
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* Physical process in the atmosphere

Specification of heating, moistening and frictional terms in terms of   
dependent variables of prediction model
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Introduction to Physical processes in atmosphere



Schematic of the PBL evolution during Wangara 33-35

From Yamada and Mellor (1975)
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Local diffusion

TKE (Turbulent Kinetic Energy)

Nonlocal diffusion

PBL parameterizations ( vertical diffusion)

=== > how to define Kc (diffusion coefficients) ?
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¸Theoretical development (concept ) : Step 1

- Systematic deficiency

- LES study/ theory

- Numerical discretization

- Idealized experiments

¸Balance with nature (module) : Step 2
- Real case experiments

- Process study

- Refinement/reformulation 

¸Evaluation at real-time testbed (package) : Step 3

- Short-range forecast

- Medium-range forecast

- Long-range forecast

Development/Improvement of physics algorithms ----



Improvement of the K - profile model 

for the PLANETARY BOUNDARY LAYER

based on LARGE EDDY SIMULATION DATA

`Y. Noh*, W.G. Cheon and S.Y. Hong

S. Raasch

Known problems and  analysis of Stevens (2000)

Based on the Troen and Mahrt (1986)

Explicit representation of the entrainment process

Based on Noh et al. (2003)

Too much mixing when wind is strong

Too early development of PBL 

Too deep and dry moisture in PBL

Too high PBL height

YSUPBL (Hong et al. 2006)

The MRFPBL (Hong and Pan 1996)

Step 1: 
Systematic 
deficiency

Step 1:
LES study



YSUPBL - development

To formulate a theory 
(LESĄ a new conceptual model)

To develop a new numerical scheme
(PDE Ą FDE)

2000.9 -
2001.3

2001.3 -
2002.7

To  evaluate the scheme and balance with nature
(A new package)2002.9 -

2003.6

To revised the scheme based on the various evaluations 
(A revised new package)

2003.7 -
2004.2

Further revisions
(A finalized new package)2006.2

Step1

Step2
Step3



!
!
# undef WRF
# undef EXPLICIT
# undef oned
# undef debug
!
# define LEMONE
!
# ifndef WRF
#include < define.h >
# endif
# ifdef WRF
# undef clean
# endif
!
# define STABLE_BL
#define PFAC_Q 2.0
!
#define XKZMIN 0.01
# define new_pbl
# undef rlamdz
!
#define nontq
#define nonuv
#define brcr_05
#define t_excess

!
!
!
!
!
!
!
module module_bl_ysu
contains
!
!
!------------------------------------
!

subroutine ysu(u3d,v3d,th3d,t3d,qv3d,qc3d, 
rublten,rvblten,rthblten ,                                         
rqvblten,rqcblten,rqiblten,flag_qi ,                          
cp,g,rovcp,rd,rovg,ep1,ep2,karman,             
dz8w,psfc,                                                 
znu,znw,mut,p_top ,                                           
znt,ust,hpbl,psim,psih ,                                      
xland,hfx,qfx,gz1oz0,wspd,br,                                
dt,kpbl2d,                                                   
exch_h,                                                      
u10,v10,                                                     
ids,ide , jds,jde , kds,kde ,                                   
ims,ime , jms,jme , kms,kme ,                                   
its,ite , jts,jte , kts,kte ,                                   

GRIMs: phys_pbl_ysu.F90   Č WRF: module_bl_ysu.F



Stable boundary layer mixing in a vertical 

diffusion package



̋YSU underestimates the chemical species in 
stable conditions ( over water)
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Stable BL in YSU PBL (WRF 2.2) : Local approach

May be inappropriate

Step 1 : Systematic deficiency

../PBL/final_17thblt1-siwan-kim.ppt.pdf
../PBL/final_17thblt1-siwan-kim.ppt.pdf


Dear Dr. Hong,

This is Fred. I started to use the fully coupled chemistry

within the WRF (WRF/Chem) since I came to Los Alamos to examine 

the

transport and transformation of gaseous and particulate pollutions

emitted by megacities such as Mexico City on local and regional

scales. One thing I have noticed is that the nocturnal PBL heights in

WRF using YSU scheme are nearly constant between 0 and 20 meters.

Lidar data from the recent Mexico City field campaign reveal

nocturnal PBL heights actually vary between 20 and 500 meters with

strong winds corresponding to large PBL heights. I just attended a

workshop in Boulder related with the Mexico City field campaign in

which many people expressed their concerns for the nearly constant

PBL heights in WRF since realistic PBL heights are important for

capturing the transport of chemical species.

Step 1 : Systematic deficiency



Step 1 : Systematic deficiency

Cold and wet biases



Vickers and Mahrt (2004, BLM, 1736-1749)
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the surface bulk Richardson number

where the critical value for Rib is defined by 
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Step 1 : Form a new concept



Bulk Ri number approach
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Over water

Over land

Step 1 : Design a new algorithm



One-d test : dz = 25 m, sunset = 18 h

PBL Theta

CNTL
STBL

(STBL-CNTL)

Cooler & moister

Warmer & dryer

Step 1 : Idealized case



Step 2: Real case ïValidation with IOP

Kim et al. (2008)
WRF workshop

Black : OBS
Blue : old_STBL
Red : New_STBL



CNTL : Ribcr = 0 (local Ri dependent mixing),  WRF 2.2

STBL  : Ribcr > 0 (parabolic shape diffusivity), WRF 3.0

Offline test : idealized surface flux forcing

WRF : Cloud resolving resolution (4km)

RSM : Regional climate simulation (50km)

GSM : Seasonal simulation (T62 ~ 200 km)

Step 2: Real case-3D



RCM simulation in July 2006:  RSM 50 km
OBS (TRMM) STBLCNTL

Nighttime rainfall is 

enhanced

Oceanicrainfall is 

enhanced

(PC = 0.47) (PC = 0.57)

850 hPa WP (STBL) STBL-CNTL

Step 2: Interaction with precipitation ïregional 

Hong ( 2010 QJRMS) 



Seasonal simulation (T62; about 200 km) 

Model : GRIMs-v2 (Global/Regional Integrated Model system)

Period : 1996. 5 ï8 (JJA), 1996.11-1997. 2 (DJF)

Ensemble : 5 members

Experiments: CNTL : Hong et al. 2006

STBL  : Hong 2010 (enhanced mixing)

Step 2: Interaction with other physics



cmap

CNTL

STBL stable - cntl

Scheme is stable !!!
Skill is comparable

Seasonal simulation for JJA 1996 (rainfall)

Step 2: Interaction with other physics


