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Unified Noah-MP GitHub

• Noah-MP GitHub repo: https://github.com/NCAR/noahmp

• HRLDAS/Noah-MP GitHub repo: https://github.com/NCAR/hrldas

• Noah-MP Technical notes: http://dx.doi.org/10.5065/ew8g-yr95 

• Noah-MP original version reference: 
     Niu et al. (2011, doi:10.1029/2010JD015139)
     Yang et al. (2011, doi:10.1029/2010JD015140)

• Noah-MP (refactored) version 5 reference: 
     He et al. (2023, https://doi.org/10.5194/egusphere-2023-675)

• HRLDAS reference: 
     Chen et al. (2007, http://dx.doi.org/10.1175/JAM2463.1)

• HRLDAS/Noah-MP tutorial materials: 
     https://github.com/NCAR/hrldas/tree/master/tutorial
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Noah-MP Technical notes
http://dx.doi.org/10.5065/ew8g-yr95
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• Noah-MP key processes and treatments

• Noah-MP current capabilities

• Noah-MP major model structure and workflow

• Noah-MP specific physics and namelist options

• Noah-MP version 5.0 GitHub and code structure



Noah-MP coupling with host models



Noah-MP GitHub will contain the 
interface (driver) code for 

different host models 

Noah-MP coupling with host/parent models

He et al., 2023 GMD



Noah-MP key processes and treatments



Noah-MP Energy Processes

Figures from Fei Chen

He et al., 2023 GMD



Noah-MP Water Processes

Figures from Fei Chen

Only when 
groundwater 
scheme is on

He et al., 2023 GMD



Noah-MP Carbon Processes

Figures from Fei Chen

Only when dynamic vegetation 
scheme or crop model is on

He et al., 2023 GMD



Noah-MP subgrid treatment for energy

He et al., 2021 JGR

Non-SW energy flux

SW canopy radiative transfer

No sub-grid differentiation between vegetated and bare portion for 
snow-related energy treatment (e.g., ground snow cover and albedo) 



Noah-MP subgrid treatment for water

He et al., 2021 JGR

Grid-mean ground 
energy flux



Noah-MP current capabilities



Current community Noah-MP version 5.0 capabilities

• Canopy process: rain/snow interception, radiative transfer, stomatal resistance, turbulence, evapo./sublime./melt/freeze, heat 
storage change, etc.

• Snow process: rain-snow partition, canopy interception, compaction, layer combination/division, melt/freeze/sublim/frost, 
sensible & latent heat, ground heat, radiation, temperature change, etc.

• Soil process: evapo/sublim/dew/frost/melt/freeze, supercooled water, infiltration, surface/subsurface runoff, radiation, sensible 
& latent heat, ground heat, temperature change, etc.

• Different main Noah-MP process and soil process timesteps

• Groundwater process: recharge/discharge, lateral flow, baseflow, aquifer storage change

• Soil hydraulics

• Dynamic vegetation and crop growth: key carbon processes in the previous slide

• Tile drainage schemes

• Dynamic irrigation processes

• Bulk urban treatment and coupling with external urban canopy model



Other Noah-MP capabilities that are currently not in the community version

• Included in users’ own Noah-MP code: 
(1) nitrogen dynamics (Cai et al., 2016); 
(2) big-tree plant hydraulics (Li et al., 2021); 
(3) dynamic root optimization (Wang et al. 2018) with an explicit representation of plant water storage (Niu et al., 2020); 
(4) additional snow cover parameterizations (Jiang et al., 2020); 
(5) coupling with a wind erosion model (Jiang et al., 2021); 
(6) a wetland representation and dynamics (Z. Zhang et al., 2022); 
(7) a unified turbulence parameterization throughout the canopy and roughness sublayer (Abolafia-Rosenzweig et al., 2021); 
(8) enhanced snow albedo representations (Abolafia-Rosenzweig et al., 2022); 
(9) coupling with a snow radiative transfer (SNICAR) model (Wang et al., 2020); 
(10) an organic soil layer representation at forest floors (Chen et al., 2016) and a microbial‐explicit soil organic carbon 
decomposition model (MESDM; X. Zhang et al., 2022b); 
(11) coupling with atmospheric dry deposition of air pollutant (Chang et al., 2022); 
(12) enhanced permafrost soil representations (X. Li et al., 2020); 
(13) spring wheat crop dynamics (Zhang et al., 2023); 
(14) new treatment of thermal roughness length (Chen and Zhang 2009); 
(15) the Gecros crop model (Ingwersen et al., 2018; Warrach-Sagi et al., 2022); 
(16) a 1-D dual-permeability flow model (based on the mixed-form Richards’ equation) representing preferential flow through 
variably-saturated soil with surface ponding (University of Arizona). 



Noah-MP major model structure and code workflow



Noah-MP v5 main physics calling tree

The glacier model has similar structures as 
the main non-glacier model, except that the 
vegetation-related processes are removed 
and soil is replaced by glacier ice 

He et al., 2023 GMD



Noah-MP v5 Energy process 
calling tree

He et al., 2023 GMD



Noah-MP v5 Water process 
calling tree

He et al., 2023 GMD



Noah-MP v5 Carbon process 
calling tree

He et al., 2023 GMD



Noah-MP specific physics and namelist options



Noah-MP physics namelist option: dynamic vegetation

HRLDAS run namelist: 
DYNAMIC_VEG_OPTION

NoahmpTable.TBL

PhenologyMainMod.F90

Stand-scale LAI not pixel-scale

If using table LAI: Linearly interpolate 
between monthly values into specific 
day value



Noah-MP physics namelist option: rain-snow partitioning

HRLDAS run namelist: 
PCP_PARTITION_OPTION

AtmosForcingMod.F90

Jordan 1991 scheme:

Wang 2019 wet-bulb temperature scheme:



Noah-MP physics namelist option: soil water transpiration factor

HRLDAS run namelist: 
BTR_OPTION

SoilWaterTranspirationMod.F90



Noah-MP physics namelist option: ground resistance to evaporation

HRLDAS run namelist: 
SURFACE_RESISTANCE_OPTION ResistanceGroundEvaporationMod.F90

Option = 2:
Option = 1:

Option = 3:

Option = 4:



Noah-MP physics namelist option: surface drag/resistance

HRLDAS run namelist: 
SURFACE_DRAG_OPTION

SurfaceEnergyFluxVegetatedMod.F90
SurfaceEnergyFluxBareGroundMod.F90

ResistanceAboveCanopyMostMod.F90

ResistanceAboveCanopyChen97Mod.F90

ResistanceBareGroundMostMod.F90

ResistanceBareGroundChen97Mod.F90

Option = 1:
Option = 2:



Noah-MP physics namelist option: stomata resistance

HRLDAS run namelist: 
CANOPY_STOMATAL_RESISTANCE_OPTION SurfaceEnergyFluxVegetatedMod.F90

ResistanceCanopyStomataBallBerryMod.F90 ResistanceCanopyStomataJarvisMod.F90 

Option = 1: Option = 2:



Noah-MP physics namelist option: snow albedo

HRLDAS run namelist: 
SNOW_ALBEDO_OPTION SurfaceAlbedoMod.F90

SurfaceAlbedoGlacierMod.F90

SnowAlbedoBatsMod.F90 SnowAlbedoClassMod.F90 

Option = 1: Option = 2:



Noah-MP physics namelist option: canopy radiative transfer

HRLDAS run namelist: 
RADIATIVE_TRANSFER_OPTION CanopyRadiationTwoStreamMod.F90 



Noah-MP physics namelist option: soil/snow temperature time scheme

HRLDAS run namelist: 
TEMP_TIME_SCHEME_OPTION

SoilSnowThermalDiffusionMod.F90
GlacierThermalDiffusionMod.F90

matrix coefficients for the tri-diagonal matrix (temperature solver):
For top snow/soil layer: 



Noah-MP physics namelist option: snow thermal conductivity

HRLDAS run namelist: 
SNOW_THERMAL_CONDUCTIVITY SnowThermalPropertyMod.F90 



Noah-MP physics namelist option: low boundary soil temperature

HRLDAS run namelist: 
TBOT_OPTION

SoilSnowThermalDiffusionMod.F90 



Noah-MP physics namelist option: soil supercooled water

HRLDAS run namelist: 
SUPERCOOLED_WATER_OPTION SoilSnowWaterPhaseChangeMod.F90 

SoilWaterSupercoolNiu06Mod.F90 SoilWaterSupercoolKoren99Mod.F90 

Option = 1: Option = 2:



Noah-MP physics namelist option: surface runoff

HRLDAS run namelist: 
SURFACE_RUNOFF_OPTION SoilWaterMainMod.F90 



Noah-MP physics namelist option: subsurface runoff

HRLDAS run namelist: 
SUBSURFACE_RUNOFF_OPTION SoilWaterMainMod.F90 



Noah-MP physics namelist option: dynamic VIC infiltration

HRLDAS run namelist: 
DVIC_INFILTRATION_OPTION RunoffSurfaceDynamicVicMod.F90

SoilWaterInfilPhilipMod.F90 SoilWaterInfilGreenAmptMod.F90

Option = 1: Option = 2:

SoilWaterInfilSmithParlangeMod.F90

Option = 3:



Noah-MP physics namelist option: frozen soil permeability

HRLDAS run namelist: 
FROZEN_SOIL_OPTION SoilHydraulicPropertyMod.F90

SoilDiffusivityConductivityOpt1 SoilDiffusivityConductivityOpt2 

Option = 1: Option = 2:



Noah-MP physics namelist option: tile drainage

HRLDAS run namelist: 
TILE_DRAINAGE_OPTION SoilWaterMainMod.F90 

TileDrainageSimpleMod.F90 TileDrainageHooghoudtMod.F90 

Option = 1: Option = 2:



Noah-MP physics namelist option: Irrigation trigger

HRLDAS run namelist: 
IRRIGATION_OPTION

IrrigationPrepareMod.F90 
IrrigationTriggerMod.F90 



Noah-MP physics namelist option: Irrigation method

HRLDAS run namelist: 
IRRIGATION_METHOD IrrigationPrepareMod.F90 

IrrigationTriggerMod.F90 

IrrigationSprinklerMod.F90 IrrigationFloodMod.F90 

Option = 1: Option = 2:

IrrigationMicroMod.F90 

Option = 3:



Noah-MP physics namelist option: Crop model

HRLDAS run namelist: 
CROP_OPTION

PhenologyMainMod.F90
BiochemCropMainMod.F90 



Noah-MP physics namelist option: input soil data

HRLDAS run namelist: 
SOIL_DATA_OPTION hrldas/IO_code/module_NoahMP_hrldas_driver.F

noahmp/drivers/hrldas/PedoTransferSR2006Mod.F90

HRLDAS run namelist: 
PEDOTRANSFER_OPTION



Noah-MP physics namelist option: Glacier ice treatment

HRLDAS run namelist: 
GLACIER_OPTION GlacierPhaseChangeMod.F90 

Option = 2: glacier ice is frozen forever and there is no glacier ice phase change 



Noah-MP physics namelist option: soil timestep & output diagnostic

hrldas/IO_code/module_NoahMP_hrldas_driver.F



Noah-MP version 5.0 data types and code structures



Noah-MP data types



Noah-MP v5 code structure and subroutine interface



Noah-MP v5 new variable names

Description New name Old name Type

https://github.com/NCAR/noahmp/tree/master/docs



Switch to Noah-MP GitHub screen to demonstrate:

1. GitHub structure

2. basic data type and code structures



Thank you!

We will have another AMS tutorial on 
Noah-MP in January 2024

Stay tuned!

cenlinhe@ucar.edu

mailto:cenlinhe@ucar.edu

