
Simulating Soil Moisture Dynamics in NCEP 

Numerical Weather/Climate Prediction Models

Yihua Wu1, Youlong Xia1, Helin Wei1 &  Jack Kain2

1 IMSG at NOAA/NCEP/EMC, 
2 NOAA/NCEP/EMC, 

1MOISST2018, Lincoln, NE6/06/2018



Outline
• Introduction of LSM in NCEP Model Systems

– Role of soil water

– LSM in NOAA Model Production Suite

– Features of Noah

– Outputs of Noah

• Soil Physics of Noah
– Water in the atmosphere-soil-plants continuum

– Infiltration

– Richard’s equation

– Soil water retention curves & Pedotransfer functions

– Surface fluxes

• Important Soil Parameters
– Current situation

• Summary

2MOISST2018, Lincoln, NE6/06/2018



The Role of Soil Moisture in NWP

• Soil moisture plays an important role in the 
development of weather patterns and the 
production of precipitation

• Soil moisture strongly affects the amount of 
precipitation that runs off into nearby streams 
and rivers.  

• Improving the simulation of soil moisture 
dynamics in numerical weather/climate prediction 
models can lead to significant forecast skill 
improvements.
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NCEP-OSU-Air Force-Office of 
Hydrology

1) Multiple soil layers

(usually 4 layers: 0-10,10-

40, 40-100 and 100-200

cm depth) with a one-

layer vegetation canopy;

2) Spatially varying root

depth and seasonal cycle

of vegetation cover;

3) Frozen soil physics for

cold regions, and

improved soil and

snowpack thermal

conductivity;

4) Predicts total soil

moisture, liquid soil

moisture and soil ice, soil

temperature, land surface

skin temperature, land

surface evaporation and

sensible heat flux, and

runoff.

The Features of Noah

5MOISST2018, Lincoln, NE6/06/2018



Output:
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Water in the atmosphere-soil-plants continuum

Throughfall

Stemslow
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Infiltration



Soil Moisture (θ):

• Dθ is the soil water diffusivity and  
• Kθ is the hydraulic conductivity, 
• Fθ is a source/sink term for precipitation  & evapotranspiration.

• Soil water retention curves & Pedo-Transfer Functions are 
needed to get Dθ and  Kθ.

• Dθ and  Kθ are nonlinear functions of soil moisture and soil type 
(Cosby et al 1984);

Richard’s Equation

Crank-Nicholson numerical scheme 
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Soil Water Retention Curve  & 

Pedotransfer functions (PTF)
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• The relationship 

between the soil water 

content and the soil 

water potential, and is 

also called the soil 

moisture 

characteristic.

• The curve for different 

soil type is different.  

• Due to the hysteretic 

effect of water filling 

and draining the pores, 

different wetting and 

drying curves may be 

distinguished.



,        and       are three  shape parameters;

is related to the inverse of the air entry 

suction (cm−1)

is a measure of the pore-size distribution 

(dimensionless).

-- air-entry value of suction

-- Suction or soil water potential 

-- Pore-size distribution index

Widely Used Pedotransfer Functions (PTF)
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-- residual volumetric water content

-- Saturated volumetric water content
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Computation of Surface Water & Latent Heat Fluxes



• One value for all layers 

• Developed by Cosby in 1984 based on 

limited soil data

• 1km Resolution for US, 12 km for global

• Most parameters are from literature

• Go forward:

○ More soil layers (9-10)

○ Thinner top layers (1-2 cm)

○ Deeper depth (3 m)
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Current Soil Parameters Used in NOAH Model
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Soil Water Potential and Water Condition

Parameter

Water

Content

Water Potential

Bar Mpa

Saturation Porosity 0.001 0.0001

Air Entry ? 0.01 0.001

0.1 0.01

Field Capacity 0.333 0.0333

Wilting Point 15 1.5

Hygroscopic Point 

(in humid air) ? 31 3.1

100 10

Air Dry 

(in dry air) ? 1000 100

Oven Dry 0 10000 1000



a. Soil physical parameters affect soil 

thermal and hydrological processes in 

LSM.

b. 12 major soil types based USDA soil 

classification, and thermal and hydraulic 

parameters are created for each soil 

types and are inputted into model as a 

table .

Develop and apply new soil parameters in NCEP model systems
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Summary
• The Noah LSM is a physically based model, can be run in offline 

mode (NLDAS/GLDAS) or a fully coupled mode (CFS/GFS/NAM) 
• The LSM produces continuous spatial and temporal soil moisture 

products, including multi-layer soil moisture, evapotranspiration 
and total runoff/streamflow.  These products are very important 
for drought and flooding monitoring tasks in operations, 
practical applications and research

• It is needed to measure liquid water and ice in soil for model 
validation

• It is needed to measure some important soil parameters to 
develop and improve models

• We are looking for collaboration from soil community for model 
validation, model development.  We also welcome you to use 
our products.
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Thank  You very much
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Physics “Wheel of Pain”

Questions?
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