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land-surface processes and models are crucial to
improving weather and climate predictability
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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-1la (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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Noah and Noah-MP development milestones
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Community Noah-MP (multi-parameterization) land model
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The community Noah land surface model with The community Noah land surface model with
multiparameterization options (Noah-MP): 1. Model description multiparameterization options (Noah-MP): 2. Evaluation over
and evaluation with local-scale measurements global river basins
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MP = Multi-physics
= Multi-hypothesis

Easy to incorporate
new physics
parameterization and
data sets

Tool for assessing land
physics uncertainties
and for physics
ensemble prediction

Noah-MP physics options (red: options used in CONUS 404)

Physical Processes

Dynamic vegetation (DVEG) (1)
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Canopy stomatal resistance (1)
(CRS) (2)
Soil moisture factor for (1)

stomatal resistance (BTR) g;

Options

Off (use table LAI; use
FVEG=SHDFAC from input)

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

Off (use table LAI; use maximum
FVEG)

On (use maximum FVEG)

On (use FVEG=SHDFAC from
input)

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

Off (use input LAI; calculate
FVEG)

Off (use MODIS monthly LAI; use
maximum FVEG)

Ball-Berry
Jarvis

Noah (soil moisture)
CLM (matric potential)
SSiB (matric potential)
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: C Coupled with atmospheric
Typical applications of Noah-MP models (WRF-Hydro)

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

Research Letter

The importance of scale-dependent groundwater
processes in land-atmosphere interactions over the
central United States

Michael Barlage, Fei Cheny, Roy Rasmussen, Zhe Zhang, Gonzalo Miguez-Macho

First published: 16 February 2021 | https://doi.org/10.1029/2020GL092171
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Understand high-resolution climate-hydrology-agriculture impacts
Incorporating agriculture management processes

rk
IGR A‘tmospheres jAMES Journal of Advances in Noah_MP CrOp mOdeI

) Franung e
Modeling Earth Systems When i day Solar radiation || LAl
e e (oarredaten )
Research Article | & Free Access RESEARCH ARTICLE  Joint Modeling of Crop and Irrigation in the central e - ~ [ Water stress
" . N 29/2021 2159 . . = st : befe di b
Noah-MP-Crop: Introducing dynamic crop growth in the Noah- 10-1029/2020M5002159 United States Using the Noah-MP Land tmon g e T ——
. Start calculati Stage 3: initial vegetati
MP land surface model Kby emnag | SUrface Model @0 Sigea normal vegetatve convertto|
rrigation improves crop-yield ) . . s v GDDDAY | Basedon ./ Stage Sinitial reproductive D= CH,0 Fli
Xing Liu, Fei Chen, Michael Barlage, Guangsheng Zhou, Dev Niyogi 54 smalaton i rigted rgions Zhe Zhang'* @, Michael Barlage’, Fei Chen’ @, Yanping Li** @, Warren Helgason'®, [ sooow 1 o o cesalmy e =
+ Applying the state v Xiaoyu Xu® (), Xing Liu® (), and Zhenhua Li"" R el e Vamteranc e
First published: 02 November 2016 | https://doi.org/10.1002/2016JD025597 | Citations: 48 date helos imorove the — =
= |, Convert to
Leaf mass —S——=
jAMES Journal of Advances in Py Science SRtem mass
e t
Modeling Earth Systems - “erain
" s " The United States's Corn Belt is making its own BER W 8 & R @ Soil moisture
RESEARCH ARTICLE  Lessons Learned From Modeling Irrigation weather
10.1029/2018MS001595 . . ntiful crops a rainfall and temperature trends
22 From Field to Regional Scales irri i
_ 8! : Noah-MP irrigation models
KEYA‘;‘"""": R i Xiaoyu Xu'? (1), Fei Chen® (1, Michael Barlage® (), David Gochis® (), Shiguang Miao® (),
+ A dynamic irrigation scheme was g
incorporated into Noah-MP, using and Shuanghe Shen

soil moisture availability and crop

s

rinkler irrigation System Flood Irmigation System

Drcplet evaporstion

Environmental Research Letters

@ LETTER
Memory of irrigation effects on hydroclimate and its
modeling challenge

Furtow Iigation Bosinrigatin

(Application rate = soil intake rate)
OPEN ACCESS

(Application rate > soil intake rate)

Drip Irigation System.
secoven
3 January 2018

orpsbows qm sutsco
Fei Chen"2, Xiaoyu Xu**¢0, Michael Barlage', Roy Rasmussen', Shuanghe Shen’, Shiguang Miao* and
Guangsheng Zhou®

/4 \\ N y .
13 March 2018 puangsheng Zhow” =
hitps:/doi.org/10.5194/gmd-2022-311
Preprint. Discussion started: 26 January 2023 I

Ot blow grmdsrace
© Author(s) 2023. CC BY 4.0 License. Water Resources Research / Volume 58, Issue 4/ €2021WR031242
([@mom

Research Article Noah MP t|Ie dramage modeI
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Assimilating modern-era satellite data (soil
moisture, leaf area index, and solar-induced
chlorophyll fluorescence) to improve land-
atmosphere interactions
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« The Multipass Land Data

Assimilation Scheme (MLDAS) is Tongren Xu' (, Fei Chen? (), Xinlei He' (, Michael Barlage?, Zhe Zhang* ©,

g’;‘;’::dz?sed on the Noah-MP- Shaomin Liu' (*, and Xiangping He'

« Leaf area index (LAI), soil moisture
(SM), and solar-induced chlorophyll
fluorescence (SIF) measurements

!State Key Laboratory of Earth Surface Processes and Resource Ecology, School of Natural Resource, Faculty of
Geographical Science, Beijing Normal University, Beijing, China, *National Center for Atmospheric Research, Boulder,

are assimilated into the MLDAS to CO, USA, *School of Envi and inability, University of Saskatchewan, Saskatoon, SK, Canada
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Improving predictions of land-atmosphere interactions based on a
hybrid data assimilation and machine learning method

Xinlei He', Yanping Li?, Shaomin Liu'", Tongren Xu', Fei Chen’, Zhenhua Li?, Zhe Zhang?, Rui Liu®,
Lisheng Song®, Ziwei Xu', Zhixing Peng', Chen Zheng®
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SMAP radiometer—only soil moisture between Oct 3, 2015 and Oct 5, 2015
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The Community Noah-MP
Land Surface Modeling
System Technical Description
Version 5.0
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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.
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