Noah-MP Annual Users’ Workshop | June 3-4, 2024 | Boulder, CO, USA

+KIAPS ,
& o,

b)& <
@ — %,
g E
‘66 5 KOREA INSTITUTE OF

% 7. ATMOSPHERIC PREDICTION SYSTEMS

lty3p950W>

Current Status and Plan of KIM/Noah-MP Coupled Model

Korea Institute of Atmospheric Prediction Systems (KIAPS), Seoul, South Korea

Coupled Model Team

Myung-Seo Koo, Hyeon-Ju Gim, Mee-Hyun Cho, Jaeyoung Song

Coupled Data Assimilation Team

Yonghwan Kwon, Sanghee Jeon, Kyung-Hee Seol



Korean Integrated Model (KIM) @ xiaps

KIAPS phase I (2011~2019) Extended-range forecast

New atmospheric model Limited-area model | .\ IS |1 lesosrerripreee T atmosphere R

(weather)

® New spectral element dynamical core on cubed-sphere grid

Predictability

® New physics package and data assimilation system . and
® Deterministic medium-range weather forecast (~10 days) Stretched grid - - - Laigmat A‘
= KIM has become operational since April 2020 —slgmat ~

7days  -30 days

Time

0 5 10 15 20 25 30
HORIZONTAL RESOLUTION (km)

%,""" KIM coupled modeling system
Physics
KIAPS phase I1 (2020~2026) .
Seamless and coupled model asetes loees Noah—-MP

U/V/T/Q/Z at 15t layer

turbulent fluxes

® Scale-aware physics for variable resolution land skin temperature
® Ensemble forecast at extended-range time scale (~30 days)

. . runoff U/NV/Z(15 layer)
® Coupled atmosphere-surface model with chemistry process -
i i i i CM F i [ -
= new KIM covering multiple scales in space and time ocean/sea-ice skin temperature RS
sSea Ice concentration
\ / frelsh water Charnock coeff.

surface exchange coefficient

N E MO sea ice transport

salinity
sea ice freezing/melting

- /




Advanced land surface model for KIM .
( Noah-MP

Noah-Multiparameterization (Noah-MP) LSM

Noah-MP® Open-Source Community Land
* advanced version of research-based (WRF) and operational (UFS) Noah land surface model Surface Model. The 4 colors represents: Soil,
Water, Vegetation, and Energy. The 4 big circle
"C"s represent: Community, Collaborative,
Comprehensive, Cutting-edge

=>» portable and (still) cost-effective

Atm. boundary

conditions

Land surface
soil-snow-vegetation-
blended: Snow Snow Canopy Radiative
Vegetation-snow-soil layer density flux transfer
are represented fike a Noah 1 (blended) = fixed No No
single surface.

3 e Noah-MP Upto3 Variabl M-O T t
Surface air oah- p to ariable - 'wo stream

A
soil Heat Flux

Internal Soil Heat Flux

. IntemalSoil Moisture Fhux

~ Unconfined Aquifer Layer: Recharge rate is proportional to:
(water head at the bottom — water head at the water table)

Second generation LSM Third generation LSM

* modified for KIM/Noah-MP

2023: Noah-MP V5.0

¢ GitHub-based code

2021: Noah-MP V4.0.1

¢ LIS-based code

2022: Noah-MP V4.2/4.4

* WRF-based code
* No canopy heat storage

* Thermal roughness parameterization

* Option for snow albedo/conductivity/cover
* CLM-based table value for leaf albedo

* Refinement of soil conductivity

* Nitrogen foliage factor

* Old CWPVT for evergreen broadleaf forest
* Constant snow albedo for glacier




Performance on medium-range weather forecast: 2021

Northern hemisphere Southern hemisphere

12 29 3y 4% 5¥ 6Y 7Y 8 o 10 | 1¥  2¥ 3% 4¥  s5¥ 6 7Y 8¥  9¥ 1o | 1¥ 2% 3%  4¥  5¥  e¥ 7Y  8Y 9Y 10¥
§ MSLP RMSE v v v v v v v v v v v v v v v v v v
July 2017 ccar
(boreal summer) RMSE | - - - - - - - - oo e e e s e s s e s s
H 100hPa
CCAF - - - - - - - - - -
RMSE - - - - - - - - - - - - - - - - - - - - - - - -
250hPa
. . CCAF - - - - - - - - e
Geopotential height
RMSE v v v v v v - ° o - = = - - - - - - - - v - - -
500hPa
CCAF - - - - - - - S - - - - - - - - - - - - - - - - - -
RMSE S SR SRR O B B : = = [ T e e : -l | | o] T
850hPa
CCAF - - - - - - - - - - - - - - - - - - - - - O
RMSE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
100hPa
CCAF - - - - - - - - e -] - - - - - - - - - - - - - - - - - - - .
RMSE - - v
250hPa
CCAF - - - - - - - - e - - - - - - - - - -
Temperature RMSE
500hPa
CCAF - - - - - - - - - v | - - - - - - - - - - - - - - - - - - - -
RMSE v ¥ ¥ ¥ v v v v v v - - - - -
850hPa
ccaAF | - - - s s s s sy o e e e e e
N . e RMSE v
Relative humidity 7oonpa
CCAF - - - - - N N R - - - - - - - - - - - - = = = : e -
100hPa RMSE
. 250hPa RMSE
wind speed
500hPa  RMSE - - - - - - - - -,
850hPa  RMSE - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
A AR B (%) 77 2 CfE #2193 [100% ~ +100% |
Compared to KIM/Noah, KIM/Noah-MP is worse € NS - - o - = « Gl - better
OOI 2 Hal| 7|z 0| 054 50| HlUH4 R 5L Fe Yt

g8 ¥ ~-20% v ~-10% v ~-3% - 3%~3% « 3%~ A 10%~ & 20%~



Performance on medium-range weather forecast: 2021 to 2023
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ontinuous improvement but still worse than KIM/Noah



Systematic difference: KIM/Noah-MP (2023) - KIM/Noah @ s

2-m temperature Zonal-mean temperature

1V]

YUN 50 —
0.6
e 100 —
Julv 2017 o 2 => warmer over vegetation ]
y BON { f= 1
R 08 . 2007 o4
(boreal summer) 4 06 (and dl‘lel') 03
30N 0.4 800 7 o,
g? 400 —| — o1
0 1 - 12
-0.1 o? 500 I 0.05
-0.2 g- +-0.05
308 1 0.4 o4 ]
06 o o
60S | 018 :g: 700 Jk — :0.2
L -0.€
1.2 0.8
90S T T T T T T 11 850 —
0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W o 0 3(’)E 6(;E 9(I)E 12’0E 15’OE 1{’30 15(I)W 12’0W 90’W 60’W 30IW 0 925 —
1000 — o e
) 90S 60S 308 EQ 30N 60N 90N
YON 50 7 06
1.2 100 — ’
January 2017 o "3 cold 150 -
. J 200 — .
(boreal winter) gg colder over snow oa
[~ .| 0.3
30N § 0.4 %07 L 02
0.2 400 — — 0.1
- 0.1
-0.1 500  0.05
R, -0.2 -0.05
308 1 0.4 g
06 o1
-0.8 . al = 02
60S 4 700 0.3
12 04
90S T T T T T T T T T T T 850 —| o i 05
0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 o5 ¥ e
1000 +——————T T
90S 60S 308 EQ 30N 60N 90N

=>» insufficient turbulent surface fluxes and vertical mixing 6



Namelist for KIM/Noah-MP: 2024 update

& «ars

Noah-MP Physics Default (Noah-MP version 5.0) KIM/Noah-MP

OptDynamicVeg
OptRainSnowPartition
OptSoilWaterTranspiration
OptGroundResistanceEvap
OptSurfaceDrag
OptStomataResistance
OptSnowAlbedo
OptCanopyRadiationTransfer
OptSnowSoilTempTime

OptSnowThermConduct

OptSoilTemperatureBottom
OptSoilSupercoolWater
OptRunoff(Sub)Surface
OptSoilPermeabilityFrozen
OptDynViclnfiltration
OptTileDrainage
Optlrrigation
OptlrrigationMethod
OptCropModel
OptSoilProperty
OptPedotransfer
OptGlacier Treatment
OptCanopyHeatCapacity
OptCWPVT_EBF
OptSnowAlbedoGlacier
OptEmissivityBare
OptSoilColor
OptNitrogenFoliage
OptVCMX25

OptZ0T
OptSnowFraction
OptSoilCond
OptLeafReflectance
OptRoughness
OptGreenVegFrac

— W= = == A

—_

—_— = O OO O = =W =N

: Off (use table LeafArealndex; use maximum vegetation fraction)

: Jordan (1991) scheme

: Noah (soil moisture) (Ek et al., 2003)

: Sakaguchi and Zeng (2009) scheme

: Monin-Obukhov (M-O) similarity theory (Brutsaert, 1982)

: Ball-Berry scheme (Ball et al., 1987; Bonan, 1996)

: BATS snow albedo (Dickinson et al., 1993)

: Two-stream applied to vegetated fraction (gap=1-VegFrac) Dickinson, 1983; Sellers, 1985)
: Semi-implicit; flux top boundary condition (Niu et al., 2011)

42: Off (use table LeafArealndex; use land use)

2: CLASS snow albedo (Verseghy, 1991)

4. Verseghy (1991) scheme

3. Constant

: Stieglitz scheme (Yen, 1965)

: TemperatureSoilBottom at DepthSoilTempBottom (8m) (original Noah; Ek et al., 2003)
: No iteration (Niu and Yang, 2006)

: Schaake scheme (original Noah) (Schaake et al., 1996)

: Linear effects, more permeable (Niu and Yang, 2006)

: Philip scheme (Liang and Xie, 2003)

: No tile drainage

: No irrigation

: Method based on geo_em fractions

: No crop model

: Use input dominant soil texture

: Saxton and Rawls (2006) scheme

: Include phase change of glacier ice

1:
0.67 for evergreen broadleaf forest

2: Glacier ice treatment more like original Noah
On 0: Off (HeatCapacCan = 0.0)
0.18 for evergreen broadleaf forecast

=OptSnowAlbedo 0.82
0.97 0.90

constant(=4)

CLM-based data

1: On (NitrogenFoliageFac = 1/1.5) 0: Off (NitrogenFoliageFac =1.0)
default table value CLM-based table value

z0t=z0m z0t=z0m

1: Niu07 0: Noah (Ek et al., 2003)

default scheme
default table value
default table value
=VegFrac

Refinement for coarse soil
CLM-based table value

Trigo et al. (2015)-based table value
CLM-based parameterization

= newly made for KIM/Noah-MP

2024.06

2023.11

2023.11
2024.06

2022.11
2022.11
2022.11
2022.11

2023.07
2023.07
2023.07
2023.11
2023.11
2023.11
2023.11
2024.06
2024.06



[2024 update] Consistency with atmospheric physics

KIM/Noah

Atmosphere model calculates surface
layer and surface radiometric
properties, and conveyed them to Noah

N
)

Surface
layer

Surface
radiometric
properties
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KIM/Noah-MP (old)

Atmosphere model and Noah-MP both
calculate surface layer and surface
radiometric properties, so they are
duplicated with different values

Surface radiometric
properties
duplicated

urface
layer
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KIM/Noah-MP (new)

Noah-MP is the only model calculating
surface layer and surface radiometric

properties, and it convey to Atmosphere
model.

radiometric
properties

Surface
layer




[2024 update] Roughness length for momentum

v IFS 10m Wind speed Bias

Modified IGBP-MODIS
0

50N min: -8.517, max: 8.007, avg: 0.035
evergreen needleleaf forest 0.50 1.09 2.00 . :
n evergreen broadleaf forest 0.50 1.10 2.00 60N { Qg
n deciduous needleleaf forest 0.50 0.85 2.00 son P25
n deciduous broadleaf forest 0.50 0.80 2.00
Bl mixed Forests 0.20 ~ 0.50 0.80 2.00 ° 13
I closed shrublands 0.01~0.05 0.20 0.37 5051 -
open Shrublands 0.01~0.06 0.06 s |
n woody Savannas 0.01~0.05 0.60 ' e
IEN savannas 0.15 0.50 =4S e
0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0
grasslands 0.10 ~ 0.12 0.12 0.20
permanent wetlands 0.30 0.83
croplands 0.05~0.15 0.15 0.50 561 min: -1.897, max: 1.146, avg: -0.061
urban and built-up 0.50 1.00 - 55
cropland/natural vegetation mosaic 0.05~0.14 0.14 60N - 018
snow and ice 0.001 0.0013 B 0.6
30N - X — 0.4
barren or sparsely vegetated 0.01 0.013 : H gg
water 0.0001 01 - .8'.;
wooded tundra 0.30 0.10 30S - 0.4
-0.6
mixed tundra 0.15 0.20 0.034 e 08
EXJ barren tundra 0.05~0.10 0.03 (0.10) 0.034 o
920s

. . : . . 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0
* This modification has been done in response to the recent update in

subgrid-scale orography (SSO) parameterization. =» Reduction in the overestimated wind speed 0



[2024 update] New option for dynamic vegetation (and greenness) @ KIAPS

OptDynamicVeg =4 - 32

Leaf Area Index Green Vegetation Fraction Vegetation Tile Fraction
(LAI) (GVF) (VegFrac)
1 Table Input data
2 Prognostic Calculated with LAI
3 Table Calculated with LAI
32 Table Calculated with LAI 1 - BarrenTypeFrac
4* Table Input data (annual maximum; GVF,,,,)
5 Prognostic Input data

Original Noah-MP version 5 (OptDynamicVeg=4; recommended)

Barren tile / &1&3\\\(\}\\\\\\\\\\\\1
= 1-6VF.. | GVF |

New option for KIM/Noah-MP (OptDynamicVeg=31)

Barren tile

I— BarrenTypeFrac I 1 - BarrenTypeFrac |

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

0.0
0° 45°E 90°E 135°E 180° 135°W  90°W 45°W

» Vegkrac = GVF = GVF (fixed)

NEW

0° 45°E 90°E 135°E 180° 135°W  90°W 45°wW

» VegFrac =1 - BarrenTypeFrac (fixed)
1_e—min(LAI+SAI,2)
> GVF = GVF CLM —

(variable)
10

1—e~2



Temperature at forecast day 5 (July 20175 25 km)

2-m temperature

OLD - IFS NEW —IFS

N min: -14.089, max: 13.261, avg: -0.195 oN min: -13.732, max: 13.114, avg: -0.348

30S 4

60S A

90S

0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0

NEW - OLD RMSE reduction.

90N min: -5.173, max: 1.751, avg: -0.153 min: -3.167, max: 4.422, avg: -0.002

60N 1€

30N

coooo

'
o

30S A

2Lo000 :
n ooOBRNMLa=NAO©

60S

90S

0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0

* cooling over vegetation w/ the enhanced vertical mixing
- highly attributed to the new vegetation tile
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Zonal-mean temperature

OLD - IFS NEW —IFS

10 min: -3.615, max: 1.286, avg: -0.093 GLOB 10 min: -3.143, max: 1.512, avg: -0.099 GLOB
50 50 —>
100 - 3 100 =
150 - 25 150 -
200 | 2 200
<= [ s o |
300 — : 300 —
— 1
400 o5 400
— 0.1
500 | 500 —|
—-0.1
H-os
H -1
- 700 - 700 o
H-1s
2
850 | 25 850 —
925 | 3 925
1000~ ; D 1000 —T—

NEW -O0OLD RMSE reduction.

min: -0.560, max: 1.646, avg: -0.007 GLOB 10 min: -0.652, max: 0.499, avg: -0.013 GLOB
50 — 50
100 06 400
150 — 05 150 —
200 —| (& 0s 200 {
H o3 =
300 — 300 —
Ll o2 H
400 — o1 400 — —
— 0.05 H
500 — 500 —
|| -008 H
|
|| H 01 H
| 02 L
700 —' -~ 700 -
Ll 03 L
0.4
850 — 05 850 —
925 - | . 06 925 -
1000 ——h‘ — T 000 (TOTEE
90S 60S 308 EQ 90N 90S 60S 30S EQ 30N 60N 90N

0.6
0.5
0.4
03
0.2
0.1
0.05

-0.05

-0.1
-0.2
-0.3

-05
-0.6
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Specific humidity at forecast day S (July 2017; 25 km) & «aps
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2-m specific humidity Zonal-mean specific humidity
min: _7_425’ max: 8.128, avg: 0.090 min: -7.870, max: 8.908, avg: 0.136 10 min: -1.007, max: 0.830, avg: -0.051 GLOB 10 min: -0.990, max: 0.805, avg: -0.037 GLOB
90N 0N
— == 50 — 50 —
A = = 100 12 00 1.2
60N 150 — 1 150 — 1
200 — 0.8 200 — 0.8
30N =06 0.6
300 — 300 —
04 0.4
0 y
400 — 0.2 400 — 0.2
K 500 —| o1 500 o
01 0.4
60S 0.2 0.2
0.4 0.4
908 . e . ——————r . 90S ———————r . S . ' . 700 “ 700
0 30E B0E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0O 06 06
-0.8 -0.8
NEW — OLD 2] »1
925 — 1.2 925 — -1.2
90N min: -2.532, max: 6.963, avg: 0.046 1000 T 1000 T
.
6ON = s NEW - OLD RMSE reduction.
S 106
30N 0.430N 10 min: -0.146, max: 0.452, avg: 0.014 GLOB 10 min: -0.173, max: 0.220, avg: -0.004 GLOB
g% 50 — 50 —
0 o1 01 100 | 06 400 06
202 150 — 05 150 —| 05
308 -0.4308 200 — 04 200 o 0.4
06 03 03
0.8 300 — 17" 300 I
60S -1 608 L oz L oz
1.2
90S i . . . . . . . . . . | 90S . . . . . . . . i . . 400 — — 01 400 — — 01
0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 500 — ] 0-05 500 — ] 0-05
—-0.05 —-0.05
— -0.1 — -0.1
= -0.2
700 — 700 —
. . = -0.3
* more humid over vegetation
850 850 — 05
=» attributed to the vegetation tile = =
1000 —— T 1000 —— T T T

90S 60S 308 EQ 30N 60N 90N !



Wind speed at forecast day 5 (July 2017; 25 km)

90N

60N 16

30N 1 N S

308

60S

90S

90N

60N { Qe

30N |

30S 1

608 {°

908

10-m wind speed

OLD - IFS

min: -8.152, max: 7.544, avg: 0.194

NEW —IFS

min: -8.160, max: 6.419, avg: 0.085

———

90S e SR

0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0

NEW - OLD

min: -3.514, max: 1.742, avg: -0.109

C oo, e ey

0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0 0 30E 60E 90E 120E 150E 180 150W 120W 90W 60W 30W 0

reduction of the overestimated wind speed

=> attributed to the vegetation tile and roughness length

OLD - IFS

min: -4.709, max: 2.591, avg: -0.001

Zonal-mean wind speed

50 -

700

850

925

1000

R

NEW —IFS
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o
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NEW - OLD

min: -0.696, max: 0.578, avg: -0.010

50 —
100 —|
150 —
200 —

300 —

500 —

700 —

GLOB 1o —min:-4.747, max: 2.621, avg: -0.009 GLOB
50 —
8 100 8
25 150 —| 2.5
2 200 o 2
s |11 500 H1s
H 1 — 1
o5 400 — o5
01 — 0.1
500 —
—-0-1 —-0.1
—-0.5 —-0.5
Ll = -1
© 700 —
—-15 —-15
2 2
25 850 — 2.5
O 3 925 o 3
T
N
RMSE reduction
L]
GLOB 10 min: -0.683, max: 0.555, avg: -0.015 GLOB
50 —
08 o0 12
05 150 — 1
04 200 — 0.8
H o3 0.6
300 —
— 0.2 0.4
— 0.1 400 — 0.2
+ 0.05 0.1
500 —
—-0.05 0.1
— -0.1 -0.2
= -0.2 -0.4
700 —
03 0.6
0.4 0.8
05 850 — 4
-0.6 925 — 1.2
T 1000 — T T — T
30N 60N 90N 908 60S 308 EQ 30N 60N 90N ;
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Performance on medium-range weather forecast: Atmosphere (25km) @ waps

July 2017

(boreal summer)

January 2017

(boreal winter)

msLp

AHDE

12
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msLp

AARE

o

100hPa

250hPa

500hPa

850hPa

100hPa

250hPa

500hPa

850hPa

700hPa

100hPa
250hPa
500hPa
s50nPa

100hPa

250nPa

500hPa

850nPa

100hPa

250nPa

500hPa

850nPa

700hPa

100hPa
250nPa
s00hPa
asonpa

RMSE
cear
RMSE
cenr
RMSE
cenr
RuSE
cenr
RMSE
cenr
RMSE
cenr
RMSE
cenr
RMSE
cear
RMSE
cear
RMSE
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RMSE
RMSE
RMSE
RMSE

RMSE

RMSE
ccar
RMSE

RMSE
ccar
RMSE
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RMSE

RMSE
ccar
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RusE
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RusE
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21 (initial) 2023 (last year)
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Performance on extreme weather: 2-m temperature (12 km) KIAPS
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2m Air Temperature (°C)

2m Air Temperature (°C)

38°N 38°N

37°N 37N

Heat wave
(2018.07.12)

Cold wave
(2018.01.24)

36°N 36°N

35°N

35°N

34°N

34°N

33°N 33°N

124°E 125°E 126°E 127°E 128°E 129°E 130°E 131°E 124°E 125°E 126°E 127°E 128°E 129°E 130°E 131°E
VALID: 12UTC 24 Jan 2018{108h; TIME: QQUTC 20 Jan 2018 VALID: QQUTC 12 Jul 201 8{144h{ TIME: QQUTC 06 Jul 2018
21KST 24 Jan 2018(108h, 09KST 20 Jan 2018 09KST 12 Jul 2018(144h O9KST 06 Jul 2018

2m Air Temperature (°C) KIM4.0.07.01 (NE360)

2m Air Temperature (°C) KIM4.0.07.01 (NE360)

2m Air Temperature (°C) KIM4.0.07.01 (NE360)

2m Air Temperature (°C) KIM4.0.07.01 (NE360)

10 10 40 4

9 9 39 39

8 8 38 38

38°N 7 3N 7 3N 3738°N 37

6 6 36 36

5 5 35 35

4 4 34 34

3 3 3 33

37°N 2 37°N 2 37°N 32370N 32

1 1 31 31

0 0 30 30

1 1 \ 2 29

2 2 28 28
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Performance on seasonal simulation: 2-m temperature (50 km)
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similar spatial pattern but still warmer (colder) over forest (snow) ?
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20-year simulation (2001-2020): Arctic Oscillation (100 km)
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* Stable integration for long-term period
e Similar pattern correlation but larger amplitude and variability ?

2004 2008 2012 2016 2020
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Weekly coupled data assimilation @ «aps
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Concluding remark @ KIAPS

v" KIM/Noah-MP has been updated with respect to
* physical consistency with radiation (albedo, emissivity) and boundary layer (surface layer)
* roughness length for momentum (enhanced to be comparable with IFS)
e vegetation fraction (vegetation tile versus greenness)

* snow physics (will be presented tomorrow)

v In comparison to KIM/Noah, the performance of the recent KIM/Noah-MP became neutral or slightly better on
medium-range forecast skill as well as long-term simulation:
* the systematic warm (cold) bias over vegetation (snow) was highly reduced.
* the major improvement was attributed to the separation of vegetation tile and greenness, which needs to be

considered in the community Noah-MP.

v In the future, KIM/Noah-MP will replace KIM/Noah, along with
land data assimilation system

* more sophisticated physics (multi-layer canopy, irrigation, ...) and realistic data (LAI/SAIL canopy height, ...)
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Performance on medium-range weather forecast: Surface (25 km) @ «aps

2-m temperature against SYNOP (July 2017)
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Noah * Similar magnitude in bias and root-mean-squared error
Noah-MP «  Slightly different in diurnal variation
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