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Local Land-Atmosphere Interactions
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~—3» radiation ——> surface layer & ABL ——> land-surface processes feedbacks:

+positive feedback for C3 & C4 plants, negative feedback for CAM plants ——> positive ,
*negative feedback above optimal temperature = = =>» negative



Land-related problems in the GFS
"Get the right answer with the right reason”

- Better surface albedo results in warm biases: too much
downward shortwave radiation bias offset by higher albedo bias.

- Better surface temperature and humidity degrades the
precipitation forecast: convection scheme is tuned to the
biased surface fields.

- Better snow forecast does not improve the surface
temperature: GFS "gets used” to the early snowmelt bias.

Near surface fields over CONUS, Alaska

« Summertime cold, wet bias in eastern US at 000 UTC (SPC reluctant to
use GFS for severe weather and fire weather; problem reduced in
T1534)

« Boundary layer problems (and land surface)

« Other 2 m temperature biases—too warm at 12Z southern plains

« Too weak surface inversions

« Afternoon boundary layer collapse; 10-m winds (too strong);
representative diurnal cycle.



Land model evaluation and benchmarking

 Current evaluations of NWP models are often
based on a few variables, ad-hoc methods

* How does evaluation provide meaningful
guidance to improving land modeling component?

B NCAR
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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,
6t h e§l|1en and Dudhia 2001, Ek et al., 2003)

Multi-parameterization=Multi-physics = Multi- 4
Multiple parameterizations to treat key hydrologf-snowvegetation:progesses
:1’ £ Suplmation

paradigm in a single land modeling framework: e . /t
— Canopy turbulence (2 schemes)
— Canopy radiation (3 schemes)

k0%

Runoff

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

— runoff/water table (4 schemes) | imited Noah ability for seasonal prediction

¢ assessing land
hysics ensemble

Noah-MP a powerful tool fo

physics unc
prediction!

ertainties and for p




Using Noah-MP physics ensemble simulations to
assess uncertainty in model parameterizations

Physical Processes

Options

References

Canopy resistance (CRS)

(1) Ball-Berry scheme

(2) Jarvis

Ball et al. 1987
Jarvis, 1976

Soil moisture threshold
for plant transpiration
(BTR)

(1) Noah
(2) CLM

Chen et al. 1996
Oleson et al. 2004

Runoff and groundwater
(RUN)

(1) SIMGM
(2) SIMTOP

(3) Free-drainage scheme

Niu et al. 2007
Niu et al. 2005
Schaake et al. 1996

Surface layer exchange
coefficient (SFC)

(1) Monin-Obukhov scheme
(2) Noah

Brutsaert 1982
Chen et al. 1997

Frozen soil permeability
(INF)

(1) Function of soil moisture

(2) Function of soil liquid water

Niu and Yang 2006
Koren et al. 1999

Supercooled liquid water
mn frozen soil (FRZ)

(1) Generalized freezing-point depression

(2) Variant freezing-point depression

Niu and Yang 2006
Koren et al. 1999

Radiation transfer (RAD)

(1) Canopy gaps from 3-D structure and
solar zenith angle
(2) No canopy gap

(3) Canopy gap from vegetation fraction

Niu and Yang 2004

Snow surface albedo

(1) BATS

Dickinson et al. 1986

(ALB) (2) CLASS Verseghy 1991
Lower boundary of soil (1) Zero-flux scheme
temperature (TBOT) (2) Noah Chen et al. 1996

Noah-MP land
model

MP = Multi-physics
= Multi-hypothesis

2x2x3Ix2x2x2x3Ix2x2=1152 ensemble !!! 6



Natural selection method for identifying
sensitive processes and better schemes
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* INF (frozen soil permeability), FRZ (supercooled liquid water in frozen
soil, RAD (radiation transfer), ALB (snow surface albedo), TBOT (lower
boundary of soil temperature): schemes are not significantly different,
and simulations are not sensitive to those physical processes;

 Surface layer turbulence (SFC): scheme-2 is better than scheme-1

Gao et al., 2016, JGR



Beyond traditional metrics: surface-layer physics
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Chen and Zhang, 2009, GRL
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* modeled C, has
less variability cross
different land cover
types

* Noah
overestimate
(underestimate) C,
for short vegetation
(tall vegetation)



SWE [mm]

Snow Water Equivalent (SWE) simulated by six LSMs
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Chen et al. 2014, JGR
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LSMs could produce right SWE by wrong reasons
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Land Heterogeneity: Tiled Land Grids

« Because of land surface heterogeneity, a model grid
may comprise sub-atmospheric-grid-scale land
“tiles”, e.q. forest, grass, crop, water, etc, O(1-4km).

« Coarser-resolution atmospheric forcing to land.

« Aggregate flux input to “parent” atmospheric model.

Aggregate surface — "blending” height

flux « When blending height
is greater than atmos-
pheric boundary-layer
depth, cannot simply
use aggregate flux.

\15(\ * Land tiles may be
coupled with yet-higher
resolution hydrology-
tiles to be connected to
groundwater and river-
surface tiles with different fluxes routing scheme.

11



Hydrology: National Water Model (NWM)

* Version 1.0 of the National Water Model implemented into operations in August
— A collaborative research-to-operations effort between OWP, NCAR and NCEP

— Provides neighborhood-level forecast guidance for rivers/streams at 2.7 million locations,
complementing the ~4000 NWS core river forecast locations now available

— Output also includes key water budget components such as soil states, snow pack, and energy
fluxes on 1km CONUS+ grid

— Will help forecasters better predict droughts/floods, supports FEMA’s flood response mission

— Will support efforts to integrate additional hydrologic components into NCEP modeling efforts

* Uncoupled NWM system uses WRF-Hydro with NoahMP LSM as core, and
atmospheric model data and observations as forcing
— NWM analyses driven by hourly MRMS precipitation, assimilate streamflow from USGS gauges
— Deterministic NWM forecasts driven by HRRR/GFS to 15 hours/10 days, ensemble CFS 30 days

* Dissemination via public OWP website, feed to RFC CHPS systems, and NOMADS

A < Current NWS rlver' forecast points (red)
NWM forecast points (blue)

OWP

OFFICE OF
WATER
PREDICTION




Evaluation of water partitioning at NWC

16

Evaluating the new National
Water Model (NWM V1.0, using
Noah-MP)

Modifying soil roughness
length (1cm to 2mm) can 4
significantly alter timing of
annual water budget overa ©

large watershed
Total runoff not affected much
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Finally, everything integrated in fully-coupled model runs:
Noah-MP with dynamic vegetation (bottom right)
improves CFS summer precipitation correlations

T126 CFS reforecasts using different land models: eleven years (1982, 1987, 1996, 1988,
2000, 2007, 1986, 1991,1999, 2011, 2012) with four ensemble members

Anomaly Correlation (AC) skill of averaged JJA precipitation

JJA Noah 27 JJA Noah 34

Noah 2.7 Noah 3.4

$EE 8 EEEENEEE

¥ EE U EEE B GEEE

Noah-MP

Noah-MP
dyn vegq.

FEsgsee
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Land model evaluation and benchmarking

« Systematic evaluation of LSM uncertainty.

* Energy and water partition across various time
and space scales; diurnal cycle.

* Coupling strategies (numerical efficiencies,
consistency, data and parameter input).

* Integrated metrics evaluation. Unify current
operational evaluation metrics.

* Provide meaningful guidance to improving land

modeling component.

B NCAR
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Satellite-based Land Data Assimilation in NWS
GFS/CFS Operational Systems

« Use NASA Land Information System (LIS) to serve as a global Land Data
Assimilation System (LDAS) for both GFS and CFS.

« LIS EnKF-based Land Data Assimilation tool used to assimilate soil moisture from
the NESDIS global Soil Moisture Operational Product System (SMOPS), snow

cover area (SCA) from operational NESDIS Interactive Multisensor Snow and Ice
Mapping System (IMS) and AFWA snow depth (SNODEP) products.

GFS/CFS

T ———
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Information
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182 NGGPS Project:
Land Data Assimilation

Michael Ek, Jiarui Dong, Weizhong Zheng (NCEP/EMC)
Christa Peters-Lidard, Grey Nearing (NASA/GSFC)

1. Build NCEP’s GFS/CFS-LDAS by incorporating
the NASA Land Information System (LIS)
into NCEP’s GFS/CFS (left figure)

SNOW ICE LAND

CMAP precip  SMOPS Soil Moisture IMS snow cover AFWA SNODEP

2. Offline tests of the existing EnKF-based land
data assimilation capabilities in LIS driven by
the operational GFS/CFS.

3. Coupled land data assimilation tests and

evaluation against the operational system.



Demonstration of NASA Land Information System
(LIS) land data assimilation of AFWA Snow Depth

EnKF
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“"Other” Surface Fluxes

S Incoming Solar

EW = Heat
‘ Transition from
Solid to Vapor Cirrus Clouds

Evaporative

and Heat Energy Atmosphere

Stratus Clouds

Lakes & €
- Waves
Sea-ice
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Lakes “"Not ocean, so let the land team deal with it!”

« Thousands of lakes on scale of 1-4km not resolved by SST
analysis -> greatly influence surface fluxes; explicit vs subgrid.

- Freshwater lake “FLake™ model (Dmitrii Mironov,DWD).
- Two-layer. Lake modelling

one-way driven

- Atmospheric forcing »..
IanItS- . -\/r/adlatlon

- Temperature & /7/
7 :
energy budget. ;/Z e

- Mixed-layer and R -
thermocline. - 747‘ ‘

- Snow-ice module e
- Specified depth/ e z,%
turbidity. : - S
- Used in COSMO, Eel |
HIRLAM, NAM h
(regional), and global |
ECMWF, CMC, UKMO. “

Yihua Wu ( NCEP/EMC )
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Thermocline

Diurnal Warming Profile
T,(2)=(1-2/2,)T,(0)
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Skin Layer Cooling Profile
T.(2) = (1-2/8,)T.(0)
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GFS model air-sea fluxes depend on sea state (roughness -> Charnock).
WAVEWATCH III model forced by wind from GFS and currents from Ocean.
Ocean model forced by heat flux, sea state dependent wind stress modified by
growing or decaying wave fields and Coriolis-Stokes effect.
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Surface Fluxes: Summary

* Process-level understanding.

« Systematic metric-based evaluation and
hierarchical testing (single parameterizations up
to fully-coupled models).

» Scale-aware surface processes.
« Efficient physics (appropriate for operations).
« Community codes for effective R202R.




NGGPS Physics Team Plan

Earth System Surface Fluxes and State SWG
GFS Upgrade [Timeline New Dygore Operatipnal >
I‘FC \vllt I‘FC;\‘,I;I-E I‘FC \vll7
1 I 1
TwolStream $trategy | | | >
[Operational Physics (EVgived) : | [Rdvanced Ppysics : )
] I ]
1 1
Earth System|Surface Rluxes and State SWG | :
1
. ] : T ; .
urret c palllty.(SA_ [/ AS’ Hyr|:1 E[.)MF) o ) :Candi ates incl: Sgale-Aware Ghikira-Sugiydma amd Arakawa-
= [ al S 'Lgmhlln‘nm'tm H Y \Wu, ¢S+SHOC (unffied convecion and turbjulence), Gré[l-Freitas )
1 1 1
| | . Depe[r;d(eoeﬁes forfachieving? :
] /S}h& chart cold include tapk :
lncarnarating Naah-MP into CESy2 : — eads test‘ing resy onsibﬁlit‘ies, dates, :
T S g T decisjon poimts : T
- Determine role in unifying land mpdels in NW$ weather prpdictionisuit¢ 1 1
| | |
'TIﬂIID;L;U T LUIIIIIIUII;L Nuﬂ"l-fv‘i? L‘?v‘: CUTTImmurT Ly LUU:CD vy I\.EF Ud) = : :
1 1 1
1 I 1
] I ]
| 1 1
| | i i i
! . f . l hydrof leli id imlilation? : :
(project déscrip) ! ! !
- Project aftivity and agsociated timeline : | |
1 I 1
1 I 1
_Drnjnrf a H\lif\’/ and ask nbline : : :
: | :
) . H \
lpreve-H ) 1 : Need f\:ﬂjllcf/nﬂ Hmnl;nac/
(project déscrip) | ' responkibilities (usq color:bar)
1 1 . 1
h licabl
- Project aftivity and agsociated timeline ' ' where ppplicable '
| | |
1 I 1
1 I 1
1 | 1
: ——QthereartiryystenTsurfaye-foxesang state activifres Treededoaddress—
! ! high priority ghps? !
! 1 IVhat are prijrjary candidpte schemegand \.?lhere Ho they fit irj the
1 . . I
T T cm\wuwhsnng-mnf. T
: : - Qevelopment, testing, trgnsition addressed:for eath SWG?
: : :
N1 Ty Lo\ T ey o chac /T LLATD L L e HA Walol« IFN i Als] I L
Nextstetsl—TFestingthrEME FECor-ehTBl—HrptereratiorintrSitamine ; L
1 I 1
1 I 1
- Path(s)/timelinfe(s) for abo\e to transiti¢n to ops? ' ! = '
T T T
1Jan 2017 1Jul 2017 1Jan 2018 1'Jul 2018 1Jan 2019 I 1Jul 2019 1Jan 2020 '11ul 2020 1Jan 2021
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