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land-surface processes and models are crucial to 
improving  weather and climate predictability  



Land-surface model (LSM) development chronology
• Gen-0 (prior to 60s): lack of land-surface processes (prescribed diurnal cycle of 

surface temperature) in atmospheric models. 
• Gen-1a (mid 60s): surface model with time-fixed soil moisture
• Gen-1b (late 60s): Bucket model (Manabe 1969): time- and space-varying soil 

moisture
• Gen-2 (70s): Big-leaf model (Deardorff 1978): explicit vegetation treatment; a major 

milestone
• Gen-3 (late 80s): development of more sophisticated models including hydrological, 

biophysical, biochemical, ecological processes (e.g., BATS, SiB, NCARLSM, 
Century) 

• mid 90s: implement advanced LSMs at major operational numerical weather 
prediction centers (Noah at NCEP; ECMWF, UK Met Office, Meteo-France)

• After 2000: integrated Earth System Modeling: carbon, nitrogen, hydrology, and 
ecosystem processes 

• Human dimension: urbanization, agriculture, forecast management, etc
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OSULSM in NCEP Eta 
(Mitchell and Chen)

Unified Noah in GFS 
and WRF 
(Wegiel, Mitchell, Ek, 
Chen)

Noah-MP
(Niu, Yang, 
Michelle, Chen, 
Ek, Barlage, 
Niyogi etc) 

Oregon State 
University (OSU) 
1-D PBL model
(Ek, Pan, Mahrt)

OSULSM in MM5
(Chen and Dudhia)

Noah-MP in WRF   
(Barlage, Tewari, 
Chen)

Noh-MP in NWM 
(Gochis, Barlage, 
etc) 

Noah and Noah-MP development milestones

Refactored Noah-MP v5 
(He, Valayamkunnath, 
Barlage, etc) 



Community Noah-MP (multi-parameterization) land model
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Noah-MP physics options (red: options used in CONUS 404)
Physical Processes Options References

Dynamic vegetation (DVEG) (1) Off (use table LAI; use 
FVEG=SHDFAC from input)

(2) On (together with OPT_CRS=1)
(3) Off (use table LAI; calculate 

FVEG)
(4) Off (use table LAI; use maximum 

FVEG)
(5) On (use maximum FVEG)
(6) On (use FVEG=SHDFAC from 

input)
(7) Off (use input LAI; use 

FVEG=SHDFAC from input)
(8) Off (use input LAI; calculate 

FVEG)
(9) Off (use MODIS monthly LAI; use 

maximum FVEG)

Dickinson et al. 1998

Canopy stomatal resistance
(CRS)

(1) Ball-Berry
(2) Jarvis

Ball et al. 1987
Jarvis, 1976

Soil moisture factor for 
stomatal resistance (BTR)

(1) Noah (soil moisture)
(2) CLM (matric potential)
(3) SSiB (matric potential)

Chen et al., 1996
Oleson et al., 2004
Xue et al., 1991

MP = Multi-physics     
       = Multi-hypothesis

Tool for assessing land 
physics uncertainties 
and for physics 
ensemble prediction

Easy to incorporate 
new physics 
parameterization and 
data sets  



WRF-Hydro: 
NoahMP + 

overland & and 
channel & 
reservoir 

routing, lateral 
subsurface flow 

uncoupled standard-alone runs 
(from single point to global)

Forcing: 
CONUS404, 

AORC, NLDAS 

High-resolution land 
data assimilation 
system (HRLDAS) 

Atm models 
provides 
forcing 

Noah-MP

WRF 
provides 
forcing 

Typical applications of Noah-MP

Coupled with atmospheric 
models (WRF, UFS, MPAS, 

GIST, KIM, Eta, etc)

Coupled with atmospheric 
models (WRF-Hydro) 

WRF-Hydro, 
NWM  

LIS Urban canopy 
models 
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Monthly accumulated groundwater lateral flow (mm/month) for 2012 July 



Noah-MP crop model

Noah-MP irrigation models

Noah-MP tile-drainage model

Understand high-resolution climate-hydrology-agriculture impacts
Incorporating  agriculture management processes



Assimilating modern-era satellite data (soil 
moisture, leaf area index, and solar-induced 
chlorophyll fluorescence) to improve land-
atmosphere interactions



Refactored Noah-MP 
(version 5.0)

Released in 2022

Provide fresh avenues for 
developing novel physics 

options and active 
participation within the 
Noah-MP community.



Thank you!


