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1. Noah-MP development
Inclusion of thermal and hydraulic effect of organic soil to reduce 
the cold bias in winter and warm bias in summer

Observations and simulated bias of skin temperature and 
soil temperature with/without organic soil  at different 
depths 

(Zhang et al., AR, 2021)
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Comparison of monthly 
mean bias of skin and soil 
temperature and snow depth 
bias

(Zhang et al. 2021, Atmospheric Research)

1. Noah-MP development
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Simulated monthly mean skin temperature in 
July with/without mosaic (Zhang et al., JGR, 2021)

1. Noah-MP development
Sub-grid effect of land use/land cover to reduce the simulated 
differences among different horizontal resolutions



2. GRIST/Noah-MP coupling
GRIST(Global-to-Regional Integrated forecast SysTem model

An illustration of the model mesh in (a) quasi-uniform and (b) 
variable-resolution configurations; (c) the locations of major variables in 
the 3-D space, k denotes the full level, k±1/2 denotes the face level 
(from Zhang et al. 2019)

multi-scale; unstructured mesh;

Sigma-mass vertical coordinate 
allows flexible switching between 
static  and non-static modes;

adopts hexagonal C-grid design 
scheme based on staggered finite 
volume method



input and output variables

atm_in_lwup_at_pc_surface upward longwave flux
atm_in_shflx_at_pc_surface sensible heat flux at the surface; w/m2
atm_in_qflx_at_pc_surface surface constituent flux; kg/m2/s
atm_in_taux_at_pc_surface surface momentum flux; N/m2
atm_in_tauy_at_pc_surface
atm_in_asdir_at_pc_surface, asdif, aldir, aldif

micro-meter surface albedo; 

u_wind_at_pc_full_level   wind speed; m/s;
v_wind_at_pc_full_level
temp_at_pc_full_level  temperature; K;
tracer_mxrt_at_pc_full_level   specific humidity; kg/kg;
pressure_at_pc_face_level   pressure; Pa
atm_out_fswds_at_pc_surface     down shortwave flux at surface;
atm_out_flwds_at_pc_surface     down longwave flux at surface; 
scalar_prect_surface      precipitation; m/s;

surface
full level (nlev)



Monthly mean simulated lake surface 
temperature

2. GRIST/Noah-MP coupling
Adopt lake model from Weather Research and Forecasting 
Model into GRIST/Noah-MP



3. GRIST/Noah-MP evaluation

0.25°x 0.25°horizontal resolution

The model starts at UTC 00:00 every day from June 1 to June 30, and each case integrated 10-day 

continuously. The output is 3-hourly. No data assimilation.

Model setup

Physical scheme name option
Dynamic vegetation 4 (table of Leaf Aera Index) 
Canopy resistance 1 (The Ball-Berry scheme, Ball et al., 1987)
Soil moisture factor for stomatal resistance 1 (The Noah type, Chen and Dudhia, 2001)
Runoff and groundwater 3 (original surface and subsurface runoff-free drainage)
Surface layer drag coefficien 1 (The Monin-Obukhov scheme, Brutsaert, 1982)
Frozen soil permeability 1 (Hydraulic properties from total soil water and ice, Niu & Yang, 2006)
Supercooled liquid water in frozen soil 1 (General form of the freezing-point depression equation, Niu & Yang, 2006)
Radiation transfer 3 (Canopy gap from vegetation fraction, Niu and Yang, 2004)
Snow surface albedo 2 (Canadian Land Surface Scheme, Verseghy, 1991)
Lower boundary of soil temperature (TBOT) 2 (TBOT read from a file, Chen et al., 1996)
Surface resistance 1 (Sakaguchi and Zeng's scheme, Sakaguchi and Zeng, 2009)
Glacier 1 (Include phase change of ice)



3. GRIST/Noah-MP evaluation

The comparison of Anomaly 
Correlation Coefficient (ACC) of 
skin temperature (Ts) between 
models (GRIST, GFS, GRAPES) and 
ERA5 in the forecast days (The thin 
lines represent the result of each 
day's forecast, and the thick lines 
represent the 30-case ensemble 
mean.)

Forecast skill of simulated skin temperature about degree of 
spatial similarity



The 30-case ensemble mean Ts (units: K) of ERA5, GRIST bias (GRIST minus ERA5) of Ts and GFS bias 
(unit: K). Day2: averaged from June 2 to July 1; Day4: averaged from June 4 to July 3; Day6: averaged 
from June 6 to July 5; Day10: averaged from June 10 to July 9 forecasts. 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The 30-case ensemble mean 
Ts bias (units: K) of GRIST 
(GRIST minus ERA5) and 
GFS in polar regions

GRIST Bias

GFS Bias

Greenland Antarctica



ERA5 30-case 
ensemble mean of 
the 10-day averaged 
surface energy flux 
(units: W m-2), GRIST 
bias (GRIST minus 
ERA5) and GFS bias

GRIST Bias

GFS Bias

Sensible heat flux Latent heat flux

ERA5



Latitude-time 
cross section of 
ensemble mean 
sensible heat 
flux and latent 
heat flux (unit: 
W m-2).
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The histogram of 30-case ensemble mean 
ACC of the 4 soil layer’s temperature (Tsoil)   The time series of the global mean 

Tsoil of ERA5 (marks), GRIST bias 
(red markline, GRIST minus ERA5), 
and GFS bias (blue markline, GFS 
minus ERA5) for forecast day.
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GFS



The time series of the global mean 
of the soil liquid water (unit: mm) 
of ERA5, GRIST, and GFS for 
forecast day over two different soil 
depth

0.1 m

1.0 m



4. GRIST performance
Simulated precipitation of 60 years simulations of 120-km (g6) 
resolution quasi-uniform mesh 

Unstructured mesh global model: long term stable integration
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4. GRIST performance
Five years and a half integration of variable resolution model 
(VR 30—120 km)

Global precipitation 

climate is reasonable; 

improve the precipitation 

simulations at 120-km 

resolution



4. GRIST performance
Simulated Jianghuai Meiyu in 2020 of 30-km (g8) resolution 
quasi-uniform mesh (median-range forecast)

GRIST



4. GRIST performance
15-day global medium-range forecast of variable resolution 
model (VR 3—60 km): Zhengzhou torrential rain

GRIST VR 12hr simulated precip

2021072003-15  12hr obs precip

2021072000+1d

2021072003 UTC
GRIST precipitation                               FY4A observation



Thank you！
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