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Noah-MP coupling with host models



Noah-MP coupling with host/parent models

Host Model ]

HRLDAS | |WRF/MPAS| [WRF-HydroNWM| [NOAAMUFS| [ NAsalLls | | et

Load and Initialize NoahmplO data type, and transfer variables from host model to NoahmplO

E 3 A

( Initialize Noah-MP }

Subroutine: NoahmplnitMain
Module: NoahmplnitMainMod.FS0

[ Noah-MP Driver | \

[NoahmplOvariabIes] «
S L ena Qutput
Subroutine: NoahmpSnowinitMain

Module: NoahmpSnowinitMod.F90

Input Noah-MP 1D column W
model variables

Subroutine: NoahmpDriverMain

Subroutine: NoahmpGroundwaterlinitMain Module: Noahmp DriverMainMod.F90

Module: NoahmpGroundwaterlnitMod.FS0

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

b

Noah-MP 1D Column Model different host models
Subroutine: NoahmpMain Subroutine: NoahmpMainGlacier
Module: NoahmpMainMod.F90 Module: NoahmpMainGlacierMod.F9S0

He et al., 2023 GMD



Noah-MP key processes and treatments



Noah-MP Energy Processes

Surface Energy Balance:
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Noah-MP Water Processes

Transpiration

i

ﬁ Precipitation
‘i
. . .. Canopy water net ’
o g evaporation

P ~— Evapotranspiration
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. 4« Canopy water
;‘ ” storage Snowpack net sublimation Total Runoff =i

" . . . Infiltration &
Soil net °Y3P°'at'°“ g saturation excess
Plant hydraulics %

_ Canopy snow net
'gsublimation

Throughfall water storac Surface Runoff geepage
i ALOr STOrage . » snowmelt X N~

Only when
groundwater

scheme is on

Total water balance:

He et al., 2023 GMD Precipitation + lateral flow — Evapotranspiration — Total Runoff = A (water storage in canopy, snow, soil, aquifer)



Noah-MP Carbon Processes

Photosynthesis Only when dynamic vegetation
scheme or crop model is on

Leaf carbon
allocation
Stem carbon ev" Leaf respiration
allocation -

*‘M* T h : Leaf turnover

Stem respiration '
A Leaf death (seasonal)

2

Stem turnover

Stem death (seasonal \

Wood respiration

Wood turnover

Soil irati
Sl }Wood carbon allocation

| Carbon stabilization
I [ conversion

]
\4

Total carbon balance:
Photosynthesis — Respiration = APlant carbon pool + ASoil carbon pool

He et al., 2023 GMD



Noah-MP subgrid treatment for energy

Vegetated ground I Bare ground Non-SW energy flux
FVEG | 1-FVEG
I /O 0O O0OOOGO OGO OO0 / /
| "0 (I N (I A /
/O 0OO0OOOGO OGO OO0 / /
: /| | |tilel] | | | / tile2z /
I /0O O O0OOGOTO OGO OO0 / bare /
SH, LH, SW“p"’ LW”"'V SWd°W”"' LWdOW"'V PH, lSHb LH, SWup.b LWun.b SWdown.b LWdown,b PH, / | | | vegetated | | / /
11 1 1 ‘ ‘ ‘Iff 1 1 ‘ ‘ l /0O 0 0O0O0O0O0 0 / /
v I 1! 2 N R O R R /
G, I G, 2110y oo [ P S —
I

Soil

=
0
&
S
o
o
<
q
)
=
o
=+
<
®
-
q
o
S
2
®
q

One model grid

netRad + PH=SH+LH + G / 0 0 0O 0O 0 O 0 0 /
¢ 1 1 I I ¥ 1 7 [ o
netRad = SWy,,,,, —SW,,, + LWy, —LW,, / 0 0 0 0 0 0 0 0 /
2NN [ R L L R I I
/ 0 0 0 O 0 0 0 O /
No sub-grid differentiation between vegetated and bare portion for d 0 | . ! : | . | . | . ' . ' . | //
snow-related energy treatment (e.g., ground snow cover and albedo) /2 R T R S S R

He et al., 2021 JGR



Noah-MP subgrid treatment for water

Qrain/snow

-

Rain/snow interception

Grid-mean ground Qarip Qthroughfall Qfrostidew  Qsublim/evap

3 3y 3 1

ASWE Qmelt Snowpack

ASoil Water Soil

One model grid

energy flux

Surface runoff

He et al., 2021 JGR



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

e 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 1D Column Model

Subroutine: Noahmphdain

daln
Module: Noahmphainiod.F0

_—

Phenology

Subroutine: Phenologyhain
Module: PhenologyhMainMod. FS0

|

Sprinkler Imgation

Subroutine: ImgationSprinkler
Module: ImgationSprinkleiiod FS0

—( Precipitation Heat Advection

TLTL

Subroutine: PrecipitationHeatAdvect

Module: PrecipitationHeatAc

Mod.F90

—( Main Hydrology Process

teriain
AainMod.FA0

Subroutine:
Module: Vaterly

Subroutine: NoahmphMainGlacier
Module: NoahmpMainGlacierhod.F30

—

Atmospheric Forcing

Subroutine: Proc
Module: AtmosForcing

AtmosForcing
od F90

Imigation Trigger

—{

Subroutine: IrigationPr
Module: IrigationPrepa

epare

eod.FO0

—{ Canopy VWater Interception

LT I

Subroutine: Canc
Module: Cano

faterintercept
erinterceptiod . F90

Main Energy Process

—

]7

Subroutine: Energyidain
Module: EnergyMainiMod.FS0

—[ Biochemistry Crop

[ |

Subroutine: BiochemCrophain
Module: BiochemCrophaintod.FS0

—{ Biochemistry Natural Vegetation

!

Subroutine: BiochemNature
Module: BiochemNature Veghainly

ghdain
od.FS0

4{ Energy & Water Balance Check

]_

Subroutine: Balan faterCheck
Subroutine: BalanceEnergyCheck
Module: BalanceEmorCheckiod




Noah-MP v5 Energy process

He et al., 2023 GMD

calling tree

Noah-MP Non-Glacier
Column Model

Subroutine: Moahmphain
Module: MoahmpMainhMod.FS0

Subroutine: PhenologyMain
Module: PhenologyMainhod . FS0

Subroutine: PrecipitationHe atAdvect
Module: PrecipitationHe atAdv e cthod FS0

Subroutine: Energyhain
Module: EnergyMainiod F90

Subroutine: SnowCoverGroundNiu07
Module: SnowCoverGroundNiu07 Mod FS0

Subroutine: GroundThermalProperty
Module: GroundThermalPropertyMod FS0

Subroutine: SurfaceRadiation
Module: SurfaceRadiationMod.F90

Subroutine: SoilWaterT ranspiration
Module: SoilWaterTranspirationMod .F90

Subroutine: PsychrometricVariable
Module: PsychrometricVariable Mod. FS0

Subroutine: SurfaceEnergyFluxBareGround
Module: SurfaceEnergyFluxBareGroundMod.FS0

Subroutine: SoilSnowWaterPhaseChange
Module: SoilSnowWaterPhaseChangeMod.FS0

Subroutine: GroundRoughnessProperty
Module: GroundRoughnessPropertyMod. F90

Subroutine: SurfaceAlbedo
Module: SurfaceAlbedoMod FS0

Subroutine: SurfaceEmissivity
Module: Surface EmissivityMod.FS0

Subroutine: ResistanceGroundEvaporation
Module: Resistance GroundEvaporationMod. FS0

Subroutine: SurfaceEnergyFluxvegetated

| Module: SurfaceEnergyFluxvegetatedMod FS0

Subroutine: SoilSnowTemperatureMain
Module: SoilSnowTemperature MainMod.FS0




Noah-MP v5 Water process fmmmmmmmmmmmmm e .

Module: Noahmphdsinod.F 90

|
c al I i n g tr e e | —i Irrigation { Sprirkler Inrigation  |——— Canopy Water Interception
|
|
|

Main Hydrology Process

Subroutine: VWaterhain

Module: IrrigationPrepareiod FI0 Module: IrrigationSprinkleriod. FS0 Module: CanopyWaterinterceptMod F 90 Module: Waterhartdod F S0

Subroutine: IrrigationPrepare | Subroutine: IrrigationSprinkler | Subroutine: CenopyWaterlntercept

Subroutine:  CanopyHydrology
Modue: CanopyHydrologyhdod. F0

Subroutine: IrrigationT rigger
Module: IrrigationT riggerhod F 90

Subroutine: SnomdallAterCanopylntercept
Module: SrowfallBelowCanopytod FI0

Trigger Irrigation —[ Snowdall Below Canopy ]— _[| Canopy Hydrology }—

: ¥
Sowpack Compact
—{ TOPMODEL wih Groundvster | ok e Pt — — SnowHysrology

Subroutine:  SnowpackCompaction
Module: SnovpackCompadtionhod FS0
Module: SnovivVaterMaintaod F 90

- |Subrominec SnowiivaterMain

Subroutine: RunoffSurfaceT ophodelGrd
Mocdule: RunoffSurfaceT opodelGrdiod FI0

j_
—[ Snow Layer Combine ]— * ’
Subroutine: Snowda _{ shodiniien }_
: S
j_

—| TOPMODEL with Ecpilibrium Wiater Table |

Subrautine: RunoffSurfaceTopModelEqui
Module: RunoffSurfaceToph odelE quitod FS0

— Free Drainage H

Sukroutine: RunoffSurfaceF reeDrain
Module: RunoffSurfacef reeDrainhod FS0

— BATS Runoff I

Subroutine: RunoffSurfaceBATS
Module: RunoffSurfaceBAT SMod.

Module: | rigationFloodMod F 90

Module: SnowLayerCombineMod FS0 ‘ |Sl.brouline | rigationFlood

— Snow Layer Divide —

Subroutine: SnowdayerDivide |

_{ Micro Irrigation

|suoroutina | migationMicro

Module: SrowlayerDivideMod.F90

Module: | rigationMicrotod F 90

—[ Snowpack Hydrology ]—
Subroutine: SnovpackHydrology y
Module: SnowpackHydrologytod FS0 _[ Soil Hydrology

OptR fa Subroutine Sciliaterhain
@ l Module: SoilaterMainMod F 90

OptRunoffSubsurface
TOPMODEL with Equilibrium Water Table ]-—
Ul

iguez-Tacho-Fan
(MMF ) Grounchwater

Subroutine: RunoffSurfaceToph odelhMF
Module: RunoffSurfaceTopModeMMF FS0

-

— \IC Model Runoff H

O 9600 00

Sukroutine: 0 C broutine RunoffSubSurfaceEquivvater Table
Module: RunoffSurfaceMCMod.FI0 Module: RunoffSubSurfaceEquivvater TableMod. FS0
- inanjiang Model Runoff - — Scil Water Diffusion = Sail Hydraulic Property —
S - Wi B Sukroutine: ScilWaterDiffusionRichards Subroutine: SoilDiffusivityC onductivityOpt1
Subrautine: RunoffSurfaceXininliang | 4 | 4 prfbinyidn 2t A
- Modue: SailWa erDiffusionRichardshod FO0 Soil Diffusivity ConductivityOpt2
Moduerinottraas A engod L0 Module: SoilHydraulicP ropertyhod. Fék‘J
= Cymamic VIC Runoff H — Soil Moisture Solver = A Tri-Diagonal Matrix Solver —_
Submut.inle: F!u‘ ff?u{taoeDvrelmlc\dc Subroutine:  SoilMoistureSolver le—| |Sukroutine: MatrixSolver TriDiagona
Module: RunoffSurfacsDynamicvicMod F90 Module: SoilMoistureSciveod F 20 Modue: MatrixSolverTriDiagoraiMod F 90

Hooghoudt's Tile Drainage ORtTiEDrana0g Simple Tile Drainage

Subroutine: TileDrainageH ooghoucdt
Mocule: TileDrainageH ooghouctMod F 90

Modue TileDrainageSimpleMod F0

Subroutine: TileDrainageSimpie |

TR T
OptRunoffSubsurface

Migues-acho-Fan Grounchweter
Shallow Water Tahle

Subroutine: RunoffSubSurfaceShallowyvaterMMF
Module: RunoffSubSurfaceShallovm fhiod F 90

TOPMODEL with Grounchwater Free Drainage

He et al., 2023 GMD e Moo |

Subroutine: RunoffSubSurfaceDrainage
Module: RunoffSubSur faceDrainagehod F 90




Noah-MP v5 Carbon process
calling tree

He et al., 2023 GMD

Subroutine: BiochemNatureVegMain
Module: BiochemNatureVVegMainMod.F90

Noah-MP Non-Glacier
Column Model

Subroutine: NoahmpMain
Module: NoahmpMainMod. F90

Subroutine: CarbonFluxNatureVeg
Module: CarbonFluxNatureVVegMod.F90

Subroutine: CropPhotosynthesis
Module: CropPhotosynthesisMod.F90

Subroutine: BiochemCropMain
Module: BiochemCropMainMod.F90

Carbon Flux - Crop

Subroutine: CarbonFluxCrop
Module: CarbonFluxCropMod.F90

Subroutine: CropGrowDegreeDay
Module: CropGrowDegreeDayMod.F90




Noah-MP specific physics and namelist options



Noah-MP physics namelist option: dynamic vegetation

HRLDAS run namelist: off (use table LeafArealndex; use VegFrac =
DYNAMIC VEG OPTION 1 VegFracGreen from input) (Niu et al., 2011; Yang
- - etal., 2011)
) on (together with OptStomataResistance = 1) PhenologyMainMod.F90

(Dickinson et al., 1998; Niu and Yang, 2003)
3 off (use table LeafArealndex; calculate VegFrac)

OptDynamicVeg 4% off (use table LeafArealndex; use maximum
. : : vegetation fraction) If using table LAI: Linearly interpolate
options for dynamic (prognostic) . : . , -
vepetatinn 5 on (use maximum vegetation fraction) between monthly values into specific
6 on (use VegFrac = VegFracGreen from input) day value
7 off (use input LeafArealndex; use VegFrac =
VegFracGreen from input)
8 off (use input LeafArealndex; calculate VegFrac)
9 off (use input LeafArealndex; use maximum
vegetation fraction)
NoahmpTable.TBL Stand-scale LAl not pixel-scale
! LAI: MODIS monthly climatology (2000-2008) leaf area index (one row for each month) (Yang et al., 2011)
LAI_JAN = 4.0, 4.5, 0.0, 0.0, 2.0, 0.0, 0.0, 0.2, 0.3, 0.4, 0.2, 0.0,
LAI_FEB = 4.0, 4.5, 0.0, 0., 2.0, 0.0, 0.0, 0.2, 0.3, 0.5, 0.3, 0.0,
LAL_ MAR = 4.0, 4.5, .0, 0.3, 2.2, 0.3, 0.2, 0.4, 0.5, 0.6, 0.3, 0.0,
LAI_APR = 4.0, 4.5, 0.6, 1.2, 2.6, 0.9, 0.6, 1.0, 0.8, 0.7, 0.5, 0.0,
LAI_MAY = 4.0, 4.5, 1,2, 3.0, 8.5 2.2, 1.5 248, 1.8, 1.2; A5 18
LAI_JUN = 4.0, 4.5, 2.0, 4.7, 4.3, 3.5, 2.3, 4.1, 3.6, 3.0, 2.9, 2.0,
LAT JUL. = 4.0, 4.5, 2.8, 4.5, 4.8, 8.5, 2.3, 4.1, B8 B8.5; 3.5 348
LAI_AUG = 4.0 4.5 1:7 3.4 < . 2.5 1.7, &7, 21, 1:5, 2.7, 349,



Noah-MP physics namelist option: rain-snow partitioning

HRLDAS run namelist;
PCP_PARTITION_OPTION

1* | Jordan (1991) scheme AtmosForcingMod.F90
ObtRainSnowPartiti 9 BATS: when TemperatureAirRefHeight < freezing
ptrainsnowtartiion point+2.2 (Yang and Dickinson, 1996)
apfions forpariitioning procipitation 3 TemperatureAirRefHeight < freezing point (Niu et

al., 2011)
4 Use WRF microphysics output (Barlage et al., 2015)
Use wet-bulb temperature (Wang et al., 2019)

into rainfall & snowfall

(V)]

Jordan 1991 scheme:

r 0.0, Tyfe > Tpry + 2.5
0.6, Trrg + 2.0 < Typp < Tppp + 2.5
Fsnowsau = 4 ¢ _ (=54.632 + 0.2 X Typ.), Trrg— 0.5 < Typp < Tpry + 2
\ 1.0, Tyfe < Tpry — 0.5

Wang 2019 wet-bulb temperature scheme:

1
anowfall - (1+axe?*Twetb+9))




Noah-MP physics namelist option: soil water transpiration factor

HRLDAS run namelist:

Noah (soil moisture) (Ek et al., 2003)

CLM (matric potential) (Oleson et al., 2004)

BTR_OPTION
OptSoilWaterTranspiration 1*
2
options for soil moisture factor for 3

stomatal resistance & ET

N
Ber = 2,27 (1 X wy)

Dzsnso (l)
_Zsoil(Nroot)

r =

SSiB (matric potential) (Xue et al., 1991)

Wi=<

(Wiig,soit (D) =Osoit witt (1)

Osoit,ref (V) —Osoit,witt ()
Ysoit,witt—Psoit (1)

¢soil,wilt+¢soil,sat(i)
5 gxin (Lot
.1 — e VYsoir (D

)

SoilWaterTranspirationMod.F90

(Noah)

(CLM)

(SSiB)



Noah-MP physics namelist option: ground resistance to evaporation

HRLDAS run namelist;

SURFACE_RESISTANCE_OPTION ResistanceGroundEvaporationMod.F90

: 1* Sakaguchi and Zeng (2009) scheme
OptGroundResistanceEvap > Sellers (1992) scheme
; ; 3 adjusted Sellers (1992) for wet soil
options for ground resistent to . : —
evaporation/sublimation 4 Sakaguchi and Zeng (2009) for non-snow; rsurf =
rsurf snow for snow (set in NoahmpTable. TBL)
Option = 1:
P Option = 2:
_ Zsoil,dry _
Rgrd,evap B Dyapred Ryraevap = fsnow X 1.0+ (1 = fopow) X g82574225%Bevap

R
Wiig,soil (1) ]75e*P

1_mm(1'esoil,max(1) 1 Option = 3:

e
Zsoitary = ~Zsou(1) X 2.71828-1
Rgrd,evap = f;now X 1.0 + (1 — f.;now) % 88'25_6'OXBevap

3
24+———
9soil,wilt(1)) Bexp(1)
esoil,max(l)

Dvap,red =2.2X 10_5 X esoil,max(l) X esoil,max(l) X (1 -

Wliq soil(l)
B = max (0 '
evap ( ’ esoil,max(l))

Option = 4:

1

1
+(1—fsnow)xmax(o.001,R

Rgrd,evap = 1

fsnow X
Rsno,evap grd,evapo)



Noah-MP physics namelist option: surface drag/resistance

HRLDAS run namelist: SurfaceEnergyFluxVegetatedMod.F90
SURFACE_DRAG_OPTION SurfaceEnergyFluxBareGroundMod.F90
OptSurfaceDrag Monin-Obukhov (M-O) Similarity Theory

*
I (Brutsaert, 1982)

2 original Noah (Chen et al. 1997)

options for surface layer
drag/exchange coefficient

1

R = max(1,
i Ca ( Ch,canxuref)
1
R = max(1,
mean ( Cm,canXUref
_ Option = 2:
Option = 1:
ResistanceAboveCanopyMostMod.F90 ResistanceBareGroundMostMod.F90



Noah-MP physics namelist option: stomata resistance

HRLDAS run namelist;

CANOPY_STOMATAL_RESISTANCE_OPTION SurfaceEnergyFluxVegetatedMod.F90
OptStomataResistance | 1* | Ball-Berry scheme (Ball et al., 1987; Bonan, 1996)
options for canopy stomatal resistance 2 ‘ lamvisieliems (lanzis, 1576)

Option = 1: Option = 2:

ResistanceCanopyStomataBallBerryMod.F90 ResistanceCanopyStomataJarvisMod.F90



Noah-MP physics namelist option: snow albedo

HRLDAS run namelist:

SNOW_ALBEDO_OPTION SurfaceAlbedoMod.F90

SurfaceAlbedoGlacierMod.F90

OptSnowAlbedo 1* BATS snow albedo (Dickinson et al., 1993)
options for ground snow surface 2 CLASS snow albedo (Verseghy, 1991)
albedo
Option = 1: Option = 2:

SnowAlbedoBatsMod.F90 SnowAlbedoClassMod.F90



Noah-MP physics namelist option: canopy radiative transfer

HRLDAS run namelist: .
RADIATIVE TRANSFER OPTION CanopyRadiationTwoStreamMod.F90

1 modified two-stream (gap = f (solar angle,3D
structure, etc) < 1-VegFrac) (Niu and Yang, 2004)
) two-stream applied to grid-cell (gap=0) (Niu et al.,
2011)

3 two-stream applied to vegetated fraction (gap=1-
VegFrac) (Dickinson, 1983; Sellers, 1985)

OptCanopyRadiationTransfer

options for canopy radiation transfer

If OptCanopyRadiationTransfer = 1:

1_ﬁ7eg
Pbc+ch

Kypen = 0.05

P. = min{

If OptCanopyRadiationTransfer = 2:
P.=0.0
Kopen = 0.0
If OptCanopyRadiationTransfer = 3:
Fe =1~ foeg

Kopen =1- ﬁzeg



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

TEMPHill_I\IiéSSr(l;rljllgﬁ/lrEelg,;TION SoilSnowThermalDiffusionMod.F90
- — — GlacierThermalDiffusionMod.F90
1* semi-implicit; flux top boundary condition (N1u et
OptSnowSoilTempTime al., 2011)
5 full implicit (original Noah); temperature top
options for snow/soil temperature boundary condition (Ek et al., 2003)
time scheme (only layer 1) 3 same as 1, but snow cover for skin temperature
calculation (N1iu et al., 2011)

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

—C, (i) OptSnowSoilTempTime = 1,3

B I (l) = ; K heat,snso(i)
—Cl(l) £5 : ; :
0.5 X anso(l) X anso (l) X Cheat,snso(l)

OptSnowSoilTempTime = 2



Noah-MP physics namelist option: snow thermal conductivity

HRLDAS run namelist;

SNOW_THERMAL_CONDUCTIVITY SnowThermalPropertyMod.F90

1* Stieglitz scheme (Yen,1965)
OptSnowThermConduct 2 Anderson (1976) scheme
3 Constant (Niu et al., 2011)
options for snow thermal conductivity 4 Verseghy (1991) scheme
5 Douvill scheme (Yen, 1981)
( 3.2217 x 107 x pZ2,,,,, OptSnowThermConduct =1

2x107%2 4+ 25x%x 107 x p2,,,, OptSnowThermConduct = 2
0.35, OptSnowThermConduct = 3

2.576 x 107° x pZ,,,, +0.074, OptSnowThermConduct = 4

kS‘l’lOW

Psnow -85
\ 2.22 X (—) , OptSnowThermConduct = 5
1000



Noah-MP physics namelist option: low boundary soil temperature

HRLDAS run namelist;
TBOT_OPTION

OptSoilTemperatureBottom

options for lower boundary condition
of soil temperature

SoilSnowThermalDiffusionMod.F90

zero heat flux from bottom (DepthSoilTempBottom

1 & TemperatureSoilBottom not used) (Niu et al.,
2011)
TemperatureSoilBottom at DepthSoilTempBottom
2> (8m) read from a file (original Noah) (Ek et al.,

2003)

F, o+ [W/m?] is the heat flux from deep soil bottom defined as:

0
Fbot={

OptSoilTemperatureBottom = 1

—Kheat.snso(Nsoir) X Dp(Ngo;1) OptSoilTemperatureBottom = 2



Noah-MP physics namelist option: soil supercooled water

HRLDAS run namelist;

SUPERCOOLED WATER_OPTION SoilSnowWaterPhaseChangeMod.F90

OptSoilSupercool Water I No iteration (Niu and Yang, 2006)
options for soil supercooled liquid 2 Koren's iteration (Koren et al., 1999)
water
Option = 1: Option = 2:

SoilWaterSupercoolNiu0O6Mod.F90 SoilWaterSupercoolKoren99Mod.F90



Noah-MP physics namelist option: surface runoff

HRLDAS run namelist;
SURFACE_RUNOFF_OPTION

OptRunoffSurface

options for surface runoff

SoilWaterMainMod.F90

1 TOPMODEL with groundwater (N1u et al., 2007)

) TOPMODEL with an equilibrium water table (Niu
et al., 2005)

3% Schaake scheme (original Noah) (Schaake et al.,
1996)

4 BATS surface and subsurface runoff (Yang and
Dickinson, 1996)

5 Miguez-Macho & Fan (MMF) groundwater scheme
(Fan et al., 2007; Miguez-Macho et al. 2007)

6 Variable Infiltration Capacity Model surface runoff
scheme (Liang et al., 1994)

7 Xinanjiang Infiltration and surface runoff scheme
(Jayawardena and Zhou, 2000)

2 Dynamic VIC surface runoff scheme (Liang and

Xie, 2003)



Noah-MP physics namelist option: subsurface runoff

HRLDAS run namelist;

SUBSURFACE_RUNOFF_OPTION SoilWaterMainMod.F90

OptRunoffSubsurface similar to runoff option, separated from original
18 Noah-MP runoff option, currently tested &
options for drainage & subsurface recommended the same option# as surface runoff
runoff (default)




Noah-MP physics namelist option: dynamic VIC infiltration

HRLDAS run namelist;

DVIC_INFILTRATION_OPTION RunoffSurfaceDynamicVicMod.F90

OptDynViclnfiltration ]1* Philip scheme (Liang and Xie, 2003)

2 Green-Ampt scheme (Liang and Xie, 2003)

options for infiltration in dynamic

3 Smith-Parlange scheme (Liang and Xie, 2003)

VIC runoff scheme
Option = 1: Option = 2:
SoilWaterlInfilPhilipMod.F90 SoilWaterInfilGreenAmptMod.F90
Option = 3:

SoilWaterInfilSmithParlangeMod.F90



Noah-MP physics namelist option: frozen soil permeability

HRLDAS run namelist;
FROZEN_SOIL_OPTION

OptSoilPermeabilityFrozen

options for frozen soil permeability

Option = 1:
SoilDiffusivityConductivityOpt1

1*

SoilHydraulicPropertyMod.F90

linear effects, more permeable (Niu and Yang,
2006)

nonlinear effects, less permeable (Koren et al.,
1999)

Option = 2:
SoilDiffusivityConductivityOpt2



Noah-MP physics namelist option: tile drainage

HRLDAS run namelist; . .
TILE DRAINAGE OPTION SoilWaterMainMod.F90

OptTileDrainage 0* No tile drainage

1 on (simple scheme) (Valayamkunnath et al., 2022)

options for tile drainage
currently only tested & calibrated to 2
work with runoff option=3

on (Hooghoudt's scheme) (Valayamkunnath et al.,
2022)

Option = 1: Option = 2:
TileDrainageSimpleMod.F90 TileDrainageHooghoudtMod.F90



Noah-MP physics namelist option: Irrigation trigger

HRLDAS run namelist: IrrigationPrepareMod.F90
IRRIGATION OPTION IrrigationTriggerMod.F90
0* No irrigation
. 1 Irrigation on (Valayamkunnath et al., 2021
Optlrrigation L EavOn Of (Vaaya athigta, 20 ).
) irrigation trigger based on crop season planting and

options for irrigation harvesting dates (Valayamkunnath et al., 2021)

3 irrigation trigger based on LeafArealndex threshold
(Valayamkunnath et al., 2021)



Noah-MP physics namelist option: Irrigation method

HRLDAS run namelist: Ny
IrrigationPrepareMod.F90
IRRIGATION_METHOD IrrigationTriggerMod.F90

OptlrrigationMethod 0% method based on geo em fractions

1 sprinkler method (Valayamkunnath et al., 2021)

options for irrigation method, only

works when Optrrigation > 0 micro/drip irrigation (Valayamkunnath et al., 2021)

3 surface flooding (Valayamkunnath et al., 2021)

Option = 1: Option = 2:
IrrigationSprinklerMod.F90 IrrigationFloodMod.F90
Option = 3:

IrrigationMicroMod.F90



Noah-MP physics namelist option: Crop model

HRLDAS run namelist: PhenologyMainMod.F90
CROP OPTION BiochemCropMainMod.F90
OptCropModel | 0* | No crop model

options for crop model ‘ 1 ‘ Liu, et al. (2016) crop scheme



Noah-MP physics namelist option: input soil data

HRLDAS run namelist;
SOIL_DATA OPTION

hrldas/IO_code/module_NoahMP_hrildas_driver.F

OptSoilProperty

options for defining soil properties

HRLDAS run namelist:
PEDOTRANSFER_OPTION

OptPedotransfer

options for pedotransfer functions,
onlv works when OptSoilProvertv=3

1* use input dominant soil texture

2 use input soil texture that varies with depth

3 use soil composition (sand, clay, orgm) and
pedotransfer function

4 use mput soil properties

noahmp/drivers/hridas/PedoTransferSR2006Mod.F90

1*

Saxton and Rawls (2006) scheme



Noah-MP physics namelist option: Glacier ice treatment

HRLDAS run namelist: ]
GLACIER_OPTION GlacierPhaseChangeMod.F90

OptGlacierTreatment | 1* | include phase change of glacier ice

: : ‘ 2 ‘ Glacier ice treatment more like original Noah
options for glacier treatment

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



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

SOIL_TIMESTEP = 0.0, ! Noah-MP soil process timestep (seconds) for solving soil water and temperature
! @ —> default, the same as main NoahMP model timestep
! N x dt_noahmp -> longer than main NoahMP model timestep (often used for WRF coupled run)

NOAHMP_OUTPUT =0, ! NoahMP output level
! @ —> standard output
! 1 —> standard output with additional water and energy budget term output

L additional NoahMP cutput hridas/IO_code/module_NoahMP_hridas_driver.F
if (NoahmpIO%noahmp_output > @) then

! additional water budget terms
call add_to_output(NoahmpI0%QINTSXY , “QINTS" , "canopy interception (loading) rate for snowfall", "mm/s"

)
call add_to_output(NoahmpI0%QINTRXY , "QINTR" , "canopy interception rate for rain" , 'mm/s" )
call add_to_output(NoahmpI0%QDRIPSXY , "QDRIPS" , "drip (unloading) rate for intercepted snow" , "'mm/s" )
call add_to_output(NoahmpI0%QDRIPRXY , "QDRIPR" , "drip rate for canopy intercepted rain" , ''mm/s" )
call add_to_output(NoahmpI0%QTHROSXY , "QTHROS" , "throughfall of snowfall" , "'mm/s" )
call add_to_output(NoahmpI0%QTHRORXY , "QTHROR" , "throughfall for rain" , "'mm/s" )
call add_to_output(NoahmpI0%QSNSUBXY , "QSNSUB" , "snow surface sublimation rate" , "'mm/s" )
call add_to_output(NoahmpI0%QSNFROXY , "QSNFRO" , "snow surface frost rate" , 'mm/s" )
call add_to_output(NoahmpI0%QSUBCXY , "QSuBC" , ""canopy snow sublimation rate" , 'mm/s" )
call add_to_output(NoahmpI0%QFROCXY , "QFROC" , ""canopy snow frost rate" , 'mm/s" )
call add_to_output(NoahmpI0%QEVACXY , "QEVAC" , ''canopy snow evaporation rate" , 'mm/s" )
call add_to_output(NoahmpI0%QDEWCXY , "QDEwC" , ""canopy snow dew rate" , 'mm/s" )
call add_to_output(NoahmpI0%QFRZCXY , “QERZC" , "refreezing rate of canopy liquid water" , "'mm/s" )
call add_to_output(NoahmpI0%QMELTCXY , "QMELTC" , "melting rate of canopy snow" , ''mm/s" )
call add_to_output(NoahmpI0%QSNBOTXY , "QSNBOT" , "water (melt+rain through) out of snow bottom" , "mm/s" )
call add_to_output(NoahmpI0%QMELTXY , "QMELT" , "snow melt due to phase change" , 'mm/s" )
call add_to_output(NoahmpI0%PONDINGXY , "PONDING" , "total surface ponding per time step" , 'mm/s" )

)

call add_to_output(NoahmpI0%FPICEXY i EPICE" , "snow fraction in precipitation" , ="



Noah-MP version 5.0 data types and code structures



(@)

Noah-MP data types

namelist

domain

-
o

(b)

noahmp%forcing%PressureAirRefHeight
noahmp%forcing%sRadLwDownRefHeight
noahmp%sforcing%RadSwDownRefHeight
noahmps%config%nmlist%0ptSnowSoilTempTime
noahmp®%config%domain%FlagCropland
noahmp%config%domain%FlagSoilProcess
noahmpssconfig%domain®%sNumSoilTimeStep
noahmps%config%domain%sSoilTimeStep
noahmp%swater%sparam%IrriFracThreshold
noahmp%water%sstate%IrrigationFracGrid
noahmp%energy%state%sLeafAreaIndEff
noahmp%energy%state%sStemArealndEff
noahmp%energy%state%VegFrac
noahmp%energy%flux%sHeatLatentIrriEvap
noahmp%senergy%f lux%HeatPrecipAdvCanopy



Noah-MP v5 code structure and subroutine interface

Original Noah-MP source code

MODULE MODULE_SF_NOAHMPLSM
CONTAINS

SUBROUTINE NOAHMP_SFLX (parameters, ILOC, JLOC, LAT,

YEARLEN , JULIAN, COSZ, DT, DX, DZ8WY,

NSOIL, ZSOIL, NSNOWY, SHDFAC, SHDMAX,
VEGTYP, ICE, IST, CROPTYPE, SMCEQ,

PAHG, PAHB, PAH, LAISUN, LAISHA, RB)

CALL SUBROUTINE ATM (parameters, SFCPRS, SFCTMP, Q2, &
PRCPCONY, PRCPNONC, PRCPSHCY,
PRCPSNOWY, PRCPGRPL, PRCPHAIL,

RAIN, SNOW, FP, FPICE, PRCP)

CALL SUBROUTINE PHENOLOGY (parameters VEGTYP,

SNOWH, TV, LAT, YEARLEN, JULIAN,
LAl SAl, TROOT, ELAI, ESAI, IGS, PGS)

END SUBROUTINE NOAHMP_SFLX

SUBROUTINE ATM {parameters, SFCPRS, SFCTMP, Q2, &

PRCPCONY, PRCPNONC, PRCPSHCY,
PRCPSNOW, PRCPGRPL, PRCPHAIL,

RAIN, SNOW, FP, FPICE, PRCP)
END SUBROUTINE ATM

END MODULE MODULE_SF_NOAHMPLSM

&
&
&

Single Fortran file of >12,000 fnes of code

&
&
&

&

8| —

Refactored Noah-MP source code

module NoahmpMainMod
contains
subroutine NoahmpMain{noahmp)
type(noahmp_type), intent(inout) :: noahmp
call ProcessAtmosForcing(n oahmp)

call PhenologyMain{noahmp)

end subroutine NoahmpMain{n oahmp)

end module NoahmpMainiViod

Individual process-levelmodules

module AtmosForcingMod
contains

subroutine ProcessAtmosForcing(noahmp)
type(noahmp_type), intent{inout) :: noahmp

end subroutine ProcessAtmosForcing

end module AtmosForcingiMod



Noah-MP v5 new variable names

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

Description New name Old name Type
Variable physical meaning/definition New name Original name Variable Type
State
wetted or snowed fraction of canopy (-) CanopyWetFrac FWET Real
canopy intercepted liquid water (mm) CanopyLigWater CANLIQ Real
canopy intercepted ice (mm) Canopylce CANICE Real
canopy intercepted total water (CANICE+CANLIQ) (mm) CanopyTotal Water CMC Real
canopy capacity for snow interception (mm) CanopylceMax MAXSNO Real
canopy capacity for liquid water interception (mm) CanopyLigWaterMax MAXLIQ Real
ice fraction at previous timestep SnowIceFracPrev FICEOLD SNOW Real
ice fraction in snow layers SnowlceFrac FICE SNOW Real
bulk density of snowfall (kg/m3) SnowfallDensity BDFALL Real
snow cover fraction [-] SnowCoverFrac FSNO Real
partial volume ice of snow [m3/m3] SnowlIce Vol SNICEV Real
partial volume liq of snow [m3/m3] SnowLiqWaterVol SNLIQV Real
snow effective porosity [m3/m3] SnowEffPorosity EPORE SNOW Real
snow layer ice [mm] Snowlce SNICE Real
snow layer liquid water [mm)] SnowLigWater SNLIQ Real
snow mass at previous time step(mm) SnowWaterEquivPrev SNEQVO Real
snow water eqv. [mm] SnowWaterEquiv SNEQV Real
snow depth (mm) SnowDepth SNOWH Real
ice fraction in soil layers SoillceFrac FICE SOIL Real
equilibrium soil water content [m3/m3] SoilMoistureEqui SMCEQ Real
soil water content between bottom of the soil and water table [m3/m3] SoilMoistureToWT SMCWTD Real
soil moisture (ice + liq.) [m3/m3] SoilMoisture SMC Real




Switch to Noah-MP GitHub screen to demonstrate:
1. GitHub structure

2. basic data type and code structures
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