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Seil Moisture (mm)

Problem in NCEP CFS land/hydrology modeling

Illinois 2—meter Soil Moisture
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Seasonal cycle of surface runoff (mm/day)
averaged over the Mississippi River basin
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runoff climatology based on the stream
flow at Vicksburg, Mississippi. from Oct
1979 to Sep 1999.



Impacts of land/hydrology modeling on CFS
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New Generation Noah-MP (Multi-parameterization)

Community Noah Land Surface Model
( Pan and Mahrt 1987, Chen et al. 1996, Chen et al. 1997,
Chen and Dudhia 2001, Ek et al., 2003)
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New Generation Noah-MP (Multi-parameterization)

* Multi-parameterization=Multi-physics = Multi-hypothesis

e Multiple parameterizations to treat key hydrology-snow-vegetation processes
paradigm in a single land modeling framework:

— Canopy turbulence (2 schemes)

— Canopy radiation (3 schemes)

— Canopy resistance (2 schemes)

— Frozen ground physics (2 schemes)
— Snow physics (2 schemes)

— runoff/water table (4 schemes)




New Generation Noah-MP (Multi-parameterization)

* Multi-parameterization=Multi-physics = Multi-hypothesis

e Multiple parameterizations to treat key hydrology-snow-vegetation processes
paradigm in a single land modeling framework:

— Canopy turbulence (2 schemes)

— Canopy radiation (3 schemes)

— Canopy resistance (2 schemes)

— Frozen ground physics (2 schemes)
— Snow physics (2 schemes)

— runoff/water table (4 schemes)

essing land
d for physics ensemble

Noah-MP a powerful tool for ass

physics uncertainties an
prediction!




Noah-MP Official Release Site at NCAR/RAL

https://www.ral.ucar.edu/solutions/products/noah-multiparameterization-land-surface-model-noah-mp-lsm

CONTACT §

NCAR
UCAR

RAL HOME

e science e
WHAT WE DO WORK WITH US

RAL Home » Solutions » Products » Noah-Multiparame

WHO WE ARE

Solutions

NOAH-MULTIPARAMETERIZATION LAND SURFACE MODEL
(NOAH-MP LSM)

Noah-MP is a land surface model (LSM) using multiple options
., forkeyland-atmosphere interaction processes (Niu et al., 2011).
Noah-MP contains a separate vegetation canopy defined by a
‘ canopy top and bottom, crown radius, and leaves with
prescribed dimensions, orientation, density, and radiometric
' properties. The canopy employs a two-stream radiation transfer
approach along with shading effects necessary to achieve
proper surface energy and water transfer processes including
under-canopy snow processes (Dickinson, 1983; Niu and Yang,
2004). Noah-MP contains a multi-layer snow pack with liquid
water storage and melt/refreeze capability and a snow-interception model describing
loading/unloading, melt/refreeze capability, and sublimation of canopy-intercepted snow (Yang and
Niu 2003; Niu and Yang 2004). Multiple options are available for surface water infiltration and runoff
and groundwater transfer and storage including water table depth to an unconfined aquifer (Niu et
al., 2007).

The Noah-MP model can be executed by prescribing both the horizontal and vertical density of
vegetation using either ground- or satellite-based observations. Another available option is for
prognostic vegetation growth that combines a Ball-Berry photosynthesis-based stomatal resistance
(Ball et al., 1987) with a dynamic vegetation model (Dickinson et al. 1998) that allocates carbon to
various parts of vegetation (leaf, stem, wood and root) and soil carbon pools (fast and slow). The
model is capable of distinguishing between C3 and C4 photosynthesis pathways and defines
vegetation-specific parameters for plant photosynthesis and respiration.

NOAH-MP LSM REFERENCES

Niu, G.-Y., et al. (2011}, The community Noah land surface model with multiparameterization
options (Noah-MP): 1. Model description and evaluation with local-scale measurements. .
Geophys. Res., 116, D12109, doi: 10.1029/2010JD015139.

Yang, Z-L., and G.-Y. Niu (2003), The versatile integrator of surface and atmosphere processes
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NOAH-MP LSM REFERENCES

« Niu, G-Y., et al. (2011), The community Noah land surface model with multiparameterization
options {Noah-MP): 1. Model description and evaluation with local-scale measurements. .
Geophys. Res., 116, D12109, doi: 10.1029/2010JD015139.

Yang, Z.-L., and G.-Y. Niu (2003), The versatile integrator of surface and atmosphere processes
(VISA) part I: Model description, Global Planet. Change, 38, 175-189, doi:10.1016/50921-
8181(03)00028-6.

« Chen, F., M.J. Barlage, M. Tewari (more) , 2014: Modeling seasonal snowpack evolution in the
complex terrain and forested Colorado Headwaters region: A model intercomparison
study.Journal of Geophysical Research-Atmospheres, 119, 13795-13819,

DOI: 10.1002/2014JD022167.

Barlage, M.J., M. Tewari, F. Chen (more) , 2015: The effect of groundwater interaction in North
American regional climate simulations with WRF/Noah-MP. Climatic Change, 129, 485-458,
DOI:10.1007/s10584-014-1308-8.

NOAH-MP VERSION 1.6 (AS IMPLEMENTED IN WRFV3.6)

« Offline 2D driver code: High-Resolution Land Data Assimilation System (HRLDAS)

= Readme: README
o Gzipped tar file: HRLDAS-v3.6.tar.gz
s For more general HRLDAS user info, see: HRLDAS_USERS_GUIDE

NOAH-MP VERSION 1.1 (AS IMPLEMENTED IN WRFV3.4.1)

« Noah-MP LSM Version 1.1 code - August 2012

¢ Readme: README

o Changes to Noah-MP v1.1 since Noah-MP v1.0: CHANGES
s Source code directory: noahmp-v1.1

« Gzipped tar file: noahmp-v1.1.tgz

« Offline 1D Noah-MP LSM v1.1 driver program (with sample dataset) - 02 Oct 2012
o Readme: README
s Source code directory: Simple-Driver-NoahMP-v1.1
+ Gzipped tar file: Simple-Driver-NoahMP-v1.1.tgz

NOAH-MP VERSION 1.0 (AS IMPLEMENTED IN WRFV3.4)

« Noah-MP LSM Version 1.0 code - April 2012

+ Readme: README
o Source code directory: noahmp-v1.0
« Gzipped tar file: noahmp-v1.0.tgz

« Offline 1D Noah-MP LSM v1.0 driver program (with sample dataset) - April 2012

+ Readme: README
o Source code directory: Simple-Driver-NoahMP-v1.0
« Gzipped tar file: Simple-Driver-NoahMP-v1.0.tgz

NOAH-MP (AND NOAH) RUN-TIME TABLES FOR VEGETATION AND SOIL PARAMETERS

General parameters - GENPARM.TBL - (documentation)
Soil Parameters - SOILPARM.TBL - (documentation)
Vegetation Parameters - VEGPARM.TBL - (documentation)
Noah-MP Parameters - MPTABLE.TBL — (documentation)

BACKGROUND SURFACE FIELDS
« USGS 30-second global 24-category vegetation (land-use) data



Noah-MP Official Release Site at NCAR/RAL

https://www.ral.ucar.edu/solutions/products/noah-multiparameterization-land-surface-model-noah-mp-lsm

CONTACT §

NCAR .
UCAR A L I SCLENCE @

RAL HOME WHO WE ARE WHAT WE DO WORK WITH Us

Solutions RAL Home » Solutions » Products » Noah-Multiparame

NOAH-MULTIPARAMETERIZATION LAND SURFACE MODEL
(NOAH -MP LSM)

Noah-MP is a land surface model (LSM) using multiple options
., Forkeyland-atmosphere interaction processes (Niu et al,, 2011).
Noah-MP contains a separate vegetation canopy defined by a
‘ canopy top and bottom, crown radius, and leaves with
prescribed dimensions, orientation, density, and radiometric
' properties. The canopy employs a two-stream radiation transfer
approach along with shading effects necessary to achieve
proper surface energy and water transfer processes including
under-canopy snow processes (Dickinson, 1983; Niu and Yang,
2004). Noah-MP contains a multi-layer snow pack with liquid
water storage and melt/refreeze capability and a snow-interception model describing
loading/unloading, melt/refreeze capability, and sublimation of canopy-intercepted snow (Yang and
Niu 2003; Niu and Yang 2004). Multiple options are available for surface water infiltration and runoff
and groundwater transfer and storage including water table depth to an unconfined aquifer (Niu et
al., 2007).

The Noah-MP model can be executed by prescribing both the horizontal and vertical density of
vegetation using either ground- or satellite-based observations. Another available option is for
prognostic vegetation growth that combines a Ball-Berry photosynthesis-based stomatal resistance
(Ball et al., 1987) with a dynamic vegetation model (Dickinson et al. 1998) that allocates carbon to
various parts of vegetation (leaf, stem, wood and root) and soil carbon pools (fast and slow). The
model is capable of distinguishing between C3 and C4 photosynthesis pathways and defines
vegetation-specific parameters for plant photosynthesis and respiration.

NOAH-MP LSM REFERENCES

Niu, G.-Y., et al. (2011}, The community Noah land surface model with multiparameterization
options (Noah-MP): 1. Model description and evaluation with local-scale measurements. .
Geophys. Res., 116, D12109, doi: 10.1029/2010JD015139.

Yang, Z-L., and G.-Y. Niu (2003] The versatile integrator of surface and atmosphere processes
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« Niu, G-Y., et al. (2011), The community Noah land surface model with multiparameterization
options {Noah-MP): 1. Model description and evaluation with local-scale measurements. .
Geophys. Res., 116, D12109, doi: 10.1029/2010JD015139.

Yang, Z.-L., and G.-Y. Niu (2003), The versatile integrator of surface and atmosphere processes
(VISA) part I: Model description, Global Planet. Change, 38, 175-189, doi:10.1016/50921-
8181(03)00028-6.

« Chen, F., M.J. Barlage, M. Tewari (more) , 2014: Modeling seasonal snowpack evolution in the
complex terrain and forested Colorado Headwaters region: A model intercomparison
study.Journal of Geophysical Research-Atmospheres, 119, 13795-13819,

DOI: 10.1002/2014JD022167.

Barlage, M.J., M. Tewari, F. Chen (more) , 2015: The effect of groundwater interaction in North
American regional climate simulations with WRF/Noah-MP. Climatic Change, 129, 485-458,
DOI:10.1007/s10584-014-1308-8.
NOAH-MP VERSION 1.6 (AS IMPLEMENTED IN WRFV3.6)
« Offline 2D driver code: High-Resolution Land Data Assimilation System (HRLDAS)
= Readme: README
o Gzipped tar file: HRLDAS-v3.6.tar.gz
s For more general HRLDAS user info, see: HRLDAS_USERS_GUIDE
NOAH-MP VERSION 1.1 (AS IMPLEMENTED IN WRFV3.4.1)
« Noah-

-= Noah-MP implemented and used in:

o 5ol

comn WRF

= MPAS

o Gzi

v \WRF-Hydro at National Water Center

= Noah-

+ Readme: README
o Source code directory: noahmp-v1.0
« Gzipped tar file: noahmp-v1.0.tgz

« Offline 1D Noah-MP LSM v1.0 driver program (with sample dataset) - April 2012

+ Readme: README
o Source code directory: Simple-Driver-NoahMP-v1.0
« Gzipped tar file: Simple-Driver-NoahMP-v1.0.tgz

Most recent development code available to community via
http://github. com/NCAR/NoahMP release
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Precipitation [mm]

WRF/Noah-MP Seasonal Ensemble Simulations
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Science Questions

 To what degree can the enhanced Noah-MP model
Improve CFS seasonal prediction skill?

 |Is there an optimal set of Noah-MP physics options for
Improving CFS seasonal predictions, especially
precipitation and near-surface temperature?

* Which are the key soil-hydrology-vegetation interactions
contributing to CFS intra-seasonal and interannual
prediction skill?

1. Provide guidance to CFS/Noah-MP optimal
configuration and to further improving models.
2. Final operational implementation in FY17.



Research Plan

1. Benchmark performance of CFS v2+ hindcast using
Noah V2.7.1, Noah-MP V1, and Noah-MP V2.

different land models
* hindcast experiments for summer and winter season, using the

T126 CFS for nine years.

2. Perform CFS/Noah-MP physics-ensemble
forecasting

3. Analyze ensemble spread and determine an
optimal set of Noah-MP physics options that can
maximize the CFS forecast evaluation metrics



FY15-16 Tasks

Implementation of Noah-MP V2 in CFS (FY15-FY16):
In progress
 Coupling Noah-MP V2 with improved GFS atmosphere model

* Implementation of new land-cover and land-use (LULC) and
soil-type data, and Noah LSM 3.4 in CFS

Benchmark performance of CFS v2+ hindcast using
different land models (FY15): nearly completed

« T126 CFS reforecast experiments are carried out for selected eleven
years (1982, 1987, 1996, 1988, 2000, 2007, 1986, 1991,1999, 2011,
2012) with four ensemble members (00z of May 1 to May 4).

Perform Noah-MP physics-ensemble forecasting:
starting stage for FY16

« Due to computational cost, first performed a sensitivity assessment of
the Noah-MP options to obtain an initial reduction in the total number of
coupled ensemble simulations. Conduct off-line Noah-MP with
HRLDAS using CFSR forcing on the same grid as CFS T382. We

create atmospheric forcing conditions on the CFS grid.



FY15 Preliminary Results

Rongqgiang Yang conducted T126 CFS reforecasts using different land models: eleven years
(1982, 1987, 1996, 1988, 2000, 2007, 1986, 1991,1999, 2011, 2012) with four ensemble
members (00z of May 1 to May 4).

Anomaly Correlation (AC) skill of averaged JJA precipitation
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FY15 Preliminary Results

Comparison of precipitation and T2m from CFS with two different
vegetation data and with Noah-MP V1 and V2. 2011 Texas Drought
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FY15 Preliminary Results: 2011 Texas Drought
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FY15 Preliminary Results: 2011 Texas Drought
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Future Noah-MP development: Noah-MP-Crop

Integrate process models, crop types, and environmental and
management factors

Capture seasonal crop-weather-hydrology interactions
Support NCEP weather prediction and agriculture applications
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Improving Noah-MP soil modeling capabillities

Enabling to specify soil properties horizontally and
with depth

Increasing the use of non-standard soll properties
databases and non-standard profiles

Default — 4 layers, Modified — 4 layers,
texture classes no texture classes e Test over East
no depth dependence depth dependence Texas with
0.47|0.47|0.47| 0.1m 0.41|0.43|0.47| 0.1m
> homogeneous and
0.470.47)0.47| 0.3m  Example: 0.47(0.43/0.44| 0.3M heterogeneous
Clay Sail _
0.47|0.47/0.47] 0.6m  pOrosity 0.42|0.42|0.41] 0-6m (hor_lzontal _and
allowed to vertical) soils show
‘éiﬁ’zoma”y an impact of -50 to
0.47|0.47|0.47| 1.0m and 0.39/0.41{0.39| 1.0m +1OO W/m2

vertically



Biogeochemical Advancement of Noah-MP

e Lacking nitrogen constraint on -
LAl and soil moisture, critical Terrestrial Nitrogen Cycle
f’;\\l\lcompounds

for seasonal interactions. N
* Advancing biogeochemistryin 5[ iy %‘ .
“uen A - £
Noah-MP supports what “E =
Stands for NCEP. vf\ﬁﬁw:mhn — Nitrification \2,
— Connecting with dry/wet i ;

depOSition Of N :_:_:_ leaching T _Groundwater . T T T —— __——:
— Cropsl fertlllzer usel nUtrIentS Plant N uptake: N-limitation on carbon uptake
IeaChIng’ and riverine N leaching: Water quality

transport of N
— Water quality prediction

Cai, X., Z.-L. Yang, J.B. Fisher, X. Zhang, M. Barlage and F. Chen, 2015: Integration of a
terrestrial nitrogen model into Noah-MP for climate and environmental predictions.

(Geoscientific Model Development, accepted for Discussion)
19



Summary

Preliminary results show promising
improvements in CFS precipitation and
temperature using Noah-MP.

R20 implementation planned for FY17.

ongoing community efforts to enhance Noah-MP
have potential to improve NCEP seasonal
prediction as well as water quality assessment.

Closer collaboration with NCEP beneficial to R20
and O2R.
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