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Earth System Modeling 
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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. 
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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? 
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The community Noah land surface model
with multiparameterization options (Noah‐MP):
1. Model description and evaluation with local‐scale measurements
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[1] This first paper of the two‐part series describes the objectives of the community
efforts in improving the Noah land surface model (LSM), documents, through
mathematical formulations, the augmented conceptual realism in biophysical and
hydrological processes, and introduces a framework for multiple options to parameterize
selected processes (Noah‐MP). The Noah‐MP’s performance is evaluated at various
local sites using high temporal frequency data sets, and results show the advantages of
using multiple optional schemes to interpret the differences in modeling simulations.
The second paper focuses on ensemble evaluations with long‐term regional (basin) and
global scale data sets. The enhanced conceptual realism includes (1) the vegetation
canopy energy balance, (2) the layered snowpack, (3) frozen soil and infiltration, (4) soil
moisture‐groundwater interaction and related runoff production, and (5) vegetation
phenology. Sample local‐scale validations are conducted over the First International
Satellite Land Surface Climatology Project (ISLSCP) Field Experiment (FIFE) site,
the W3 catchment of Sleepers River, Vermont, and a French snow observation site.
Noah‐MP shows apparent improvements in reproducing surface fluxes, skin temperature
over dry periods, snow water equivalent (SWE), snow depth, and runoff over Noah
LSM version 3.0. Noah‐MP improves the SWE simulations due to more accurate
simulations of the diurnal variations of the snow skin temperature, which is critical for
computing available energy for melting. Noah‐MP also improves the simulation of
runoff peaks and timing by introducing a more permeable frozen soil and more accurate
simulation of snowmelt. We also demonstrate that Noah‐MP is an effective research
tool by which modeling results for a given process can be interpreted through multiple
optional parameterization schemes in the same model framework.

Citation: 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, J. Geophys. Res., 116, D12109, doi:10.1029/2010JD015139.

1. Introduction

[2] Land can remember weather events or climate anoma-
lies through variations in its heat and water storages. In turn,
land heat and water storage anomalies (the filtered signals of
noisy weather events) can affect climate predictability
through their effects on surface energy and water fluxes
[Roesch et al., 2001; Jiang et al., 2009, and references
therein]. For instance, anomalous heat storage due to anom-
alous snow accumulation in winter can affect the warming in
spring or early summer through melting. Anomalous water
stored in reservoirs (snowpack, soil, and aquifer) during wet
seasons can feed back to the atmosphere through evapo-
transpiration (ET) in subsequent dry seasons; this effect can
bemore efficient in vegetated areas through plant stomata and
root uptakes of soil water. Soil water anomalies can persist
from weeks to seasons [Pielke et al., 1999; Schlosser and
Milly, 2002] and affect climate predictability through the
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New Generation Noah-MP (multi-parameterization)  
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Limited Noah ability for seasonal prediction 

•  Mul&-‐parameteriza&on=Mul&-‐physics	  ≡	  Mul&-‐hypothesis	  
•  Mul&ple	  parameteriza&ons	  to	  treat	  key	  hydrology-‐snow-‐vegeta&on	  processes	  

paradigm	  in	  a	  single	  land	  modeling	  framework:	  
–  Canopy	  turbulence	  (2	  schemes)	  
–  Canopy	  radia&on	  (3	  schemes)	  
–  Canopy	  resistance	  (2	  schemes)	  
–  Frozen	  ground	  physics	  (2	  schemes)	  
–  Snow	  physics	  (2	  schemes)	  
–  	  runoff/water	  table	  (4	  schemes)	  	  

Noah-‐MP	  a	  powerful	  tool	  for	  ass
essing	  land	  

physics	  uncertain&es	  and
	  for	  physics	  ensemble	  

predic&on!	  
5 



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

2×2×3×2×2×2×3×2×2=1152 ensemble !!! 

Noah-MP land 
model 
 
MP = Multi-physics      
      = Multi-hypothesis 
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•  INF	  (frozen	  soil	  permeability),	  FRZ	  (supercooled	  liquid	  water	  in	  frozen	  
soil,	  RAD	  (radia&on	  transfer),	  ALB	  (snow	  surface	  albedo),	  TBOT	  (lower	  
boundary	  of	  soil	  temperature):	  schemes	  are	  not	  significantly	  different,	  
and	  simula&ons	  are	  not	  sensi&ve	  to	  those	  physical	  processes;	  	  

•  Surface	  layer	  turbulence	  (SFC):	  scheme-‐2	  is	  beYer	  than	  scheme-‐1	  
 

Natural selection method for identifying  
sensitive processes and better schemes 

Sensible heat Latent heat  

Gao et al., 2016, JGR 
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Beyond traditional metrics: surface-layer physics 

 
•  modeled Ch has 
less variability cross 
different land cover 
types 
•  Noah 
overestimate 
(underestimate) Ch 
for short vegetation 
(tall vegetation) 

Chen and Zhang, 2009, GRL 
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Snow Water Equivalent (SWE) simulated by six LSMs 
 

Averaged over 112 SNOTEL sites 

Chen et al. 2014, JGR 

SNOTEL sites in  
The Colorado Headwaters 

Noah-MP 

SNOTEL site：Bison Lake, CO 
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LSMs could produce right SWE by wrong reasons  

OBS 

OBS 

Chen et al., 2014, JGR 10 



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

•  Coarser-resolution atmospheric forcing to land. 
•  Aggregate flux input to “parent” atmospheric model. 

surface tiles with different fluxes 

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

Aggregate surface 
flux 

“blending” height 

Land Heterogeneity:  Tiled Land Grids 

•  Land tiles may be 
coupled with yet-higher 
resolution hydrology-
tiles to be connected to 
groundwater and river-
routing scheme. 
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Hydrology:  National Water Model (NWM) 
•  Version	  1.0	  of	  the	  Na&onal	  Water	  Model	  implemented	  into	  opera&ons	  in	  August	  

–  A	  collabora&ve	  research-‐to-‐opera&ons	  effort	  between	  OWP,	  NCAR	  and	  NCEP	  
–  Provides	  neighborhood-‐level	  forecast	  guidance	  for	  rivers/streams	  at	  2.7	  million	  loca&ons,	  

complemen&ng	  the	  ~4000	  NWS	  core	  river	  forecast	  loca&ons	  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	  beYer	  predict	  droughts/floods,	  supports	  FEMA’s	  flood	  response	  mission	  
–  Will	  support	  efforts	  to	  integrate	  addi&onal	  hydrologic	  components	  into	  NCEP	  modeling	  efforts	  

•  Uncoupled	  NWM	  system	  uses	  WRF-‐Hydro	  with	  NoahMP	  LSM	  as	  core,	  and	  
atmospheric	  model	  data	  and	  observa&ons	  as	  forcing	  

–  NWM	  analyses	  driven	  by	  hourly	  MRMS	  precipita&on,	  assimilate	  streamflow	  from	  USGS	  gauges	  
–  Determinis&c	  NWM	  forecasts	  driven	  by	  HRRR/GFS	  to	  15	  hours/10	  days,	  ensemble	  CFS	  30	  days	  

•  Dissemina&on	  via	  public	  OWP	  website,	  feed	  to	  RFC	  CHPS	  systems,	  and	  NOMADS	  

Current	  NWS	  river	  forecast	  points	  (red)	  
NWM	  forecast	  points	  (blue)	  
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SWE difference 

underground  
runoff  
difference surface  

runoff  
difference 

soil moisture  
difference 

Evaluation of water partitioning at NWC  

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

•  Modifying soil roughness 
length (1cm to 2mm) can 
significantly alter timing of 
annual water budget over a 
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  

Noah 2.7  Noah 3.4 

Noah-MP  
dyn veg.  Noah-MP 
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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. 
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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.  

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

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. 

NGGPS Project: 
Land Data Assimilation 

NASA 

(LIS) 

Michael Ek, Jiarui Dong, Weizhong Zheng (NCEP/EMC) 
 Christa Peters-Lidard, Grey Nearing (NASA/GSFC) 
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Jiarui.Dong@noaa.gov 
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Demonstration of NASA Land Information System 
(LIS) land data assimilation of AFWA Snow Depth  

04/01/2014	  00Z	   10/01/2014	  00Z	  

EnKF 

Direct 
Insertion 

07/01/2014	  00Z	  

Control 
Run 

GFS/GDAS 

01/01/2014	  00Z	  
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• Lakes & Ocean 
• Waves 
• Sea-ice 

“Other” Surface Fluxes 
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Yihua Wu (NCEP/EMC) 

•  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. 
- Atmospheric forcing 
inputs. 

- Temperature & 
energy budget. 

- Mixed-layer and 
thermocline. 

- Snow-ice module 
- Specified depth/
turbidity. 

- Used in COSMO, 
HIRLAM, NAM 
(regional), and global 
ECMWF, CMC, UKMO. 

Lakes “Not ocean, so let the land team deal with it!” 
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Near-Surface Sea Temperature (NSST ) 
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The	  ocean	  model	  does	  not	  produce	  an	  actual	  SST.	  	  The	  NSST	  determines	  a	  T-‐Profile	  just	  
below	  the	  sea	  surface,	  where	  the	  ver&cal	  thermal	  structure	  is	  due	  to	  diurnal	  thermocline	  
layer	  warming	  and	  thermal	  skin	  layer	  cooling.	  
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Atmosphere 
(GFS) 

Ocean 
(HYCOM, MOM) 

Waves 
(WAVEWATCH III) 

Qair 

Rair 

τair 

SST 

Uc 

Uc 

τdiff τcorio
l 

λ 

Uref 

Charnock 

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. 

Waves-Ocean-Winds 
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Atmosphere	  
Model	  

Ocean	  Model	  

Sea	  Ice	  Model	  

Momentum	  &	  Heat	  Flux	  

Ice	  state,	  Heat	  Flux	  

Ocean	  
Currents,	  T,	  S,	  
SSH,	  Heat	  Flux	  

Ice	  State	  (including	  
thickness,	  leads),	  Heat	  
Flux	  through	  Ice;	  Snow	  
on	  Sea-‐ice	  

Momentum	  &	  
	  Heat	  Flux	  

SST	  

Sea-Ice 
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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 R2O2R. 
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1	  Jan	  2017	   1	  Jul	  2017	   1	  Jan	  2018	   1	  Jul	  2018	   1	  Jan	  2019	   1	  Jul	  2019	   1	  Jan	  2020	   1	  Jul	  2020	   1	  Jan	  2021	  

New	  Dycore	  Opera&onal	  GFS	  Upgrade	  Timeline	  
GFS	  V17	  

	  Two-‐Stream	  Strategy	  
OperaWonal	  Physics	  (Evolved)	   Advanced	  Physics	  

GFS	  V15	   GFS	  V16	  

Earth	  System	  Surface	  Fluxes	  and	  State	  SWG	  

Current	  capability	  (	  SAS,	  RAS,	  Hybrid	  EDMF)	   Candidates	  incl:	  	  Scale-‐Aware	  Chikira-‐Sugiyama	  and	  Arakawa-‐
Wu	  ,	  CS+SHOC	  (unified	  convec&on	  and	  turbulence),	  Grell-‐Freitas	  

Improving	  Land	  Model	  in	  NCEP	  CFS	  (Fei	  Chen)	  
Incorpora&ng	  Noah-‐MP	  into	  CFSv2	  	  	  
-‐	  Determine	  role	  in	  unifying	  land	  models	  in	  NWS	  weather	  predic&on	  suite	  
	  
-‐	  Transi&on	  community	  Noah-‐MP	  LSM	  community	  codes	  to	  NCEP	  ops	  
	  
	  

Legend:	  	  Red	  text	  =	  unfunded;	  	  (add	  colors	  to	  indicate	  funding	  source?)	  

Dependencies	  for	  achieving?	  	  
Subtask	  chart	  could	  include	  task	  
leads,	  tes&ng	  responsibili&es,	  dates,	  	  
decision	  points	  

NGGPS	  Physics	  Team	  Plan	  
	  

Earth	  System	  Surface	  Fluxes	  and	  State	  SWG	  

	  
-‐	  Next	  step(s)?	  	  Tes&ng	  thru	  EMC/TEG	  or	  GMTB?	  	  Implementa&on	  in	  GFS	  (&ming)?	  

-‐	  Other	  earth	  system	  surface	  fluxes	  and	  state	  acWviWes	  needed	  to	  address	  
high	  priority	  gaps?	  
	  	  	  What	  are	  primary	  candidate	  schemes	  and	  where	  do	  they	  fit	  in	  the	  
evaluaWon/tesWng	  	  Wmeline?	  
-‐	  Development,	  tesWng,	  transiWon	  addressed	  for	  each	  SWG?	  

-‐  Path(s)/&meline(s)	  for	  above	  to	  transi&on	  to	  ops?	  

Red	  =	  Phys	  Dev;	  Blue	  =	  DTC;	  Green	  =	  EMC	  

Need	  to	  adjust/add	  &melines/
responsibili&es	  (use	  color	  bar)	  
where	  applicable	  

Address	  systemaWc	  biases	  and	  errors	  in	  weather	  to	  climate	  forecasts;	  improve	  the	  
representaWon	  of	  diurnal	  cycle	  (Primary	  Thrust)	  

Adopt	  NEMS/LIS/Noah-‐MP	  for	  high	  performance	  terrestrial	  hydrology	  modeling	  and	  data	  assimilaWon?	  
(project	  descrip)	  	  
-‐	  Project	  ac&vity	  and	  associated	  &meline	  
	  
-‐Project	  ac&vity	  and	  associated	  &meline	  

Improve	  representaWon	  of	  fluxes	  over	  ocean	  and	  sea	  ice?	  
(project	  descrip)	  	  
-‐	  Project	  ac&vity	  and	  associated	  &meline	  
	  
	  


