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Land surface analysis at JMA
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Current operational status: Land surface model in GSM

A grid box in GSM (~ 20 km) Configuration

• Two-layer energy balance scheme based on SiB
(Simple Biosphere; Sellers et al. 1986; Sato et al. 1989)

• Five components:
Canopy
Canopy air space
Ground (grass and bare soil)
Snow
Soil

• Two tiles (snow-covered/snow-free)

• Each grid box is isolated
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Current operational status and issues: Land data assimilation
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Snow depth
– Optimal interpolation using only ground-based SYNOP observation

• Lead to widespread increment in data-sparse regions

– Old and low-quality climatological values are used in first-guess.

Soil moisture: no data assimilation
– Climatological monthly mean values are used as initial conditions.

• Derived from a 10 years (2001-2010) offline run of the land surface model

• Atmospheric forcing data: GSWP3 (Kim, 2017)

– Day-to-day variations cannot be represented.

• Upgrade of snow depth analysis and introduction of new soil 
moisture analysis system are planned to be operational next spring.



Snow depth analysis system
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• Major update

– First guess: combination of model forecast and satellite observation

– Background error structure function used in OI



Satellite observation used in snow depth analysis

7

Snow Water Equivalent (cm)

B
ri
g
h
tn

e
s
s
 T

e
m

p
e
ra

tu
re

Chang et al.(1987)

• Satellite data: SSMIS(DMSP F-17,F-18) and AMSR2(GCOM-W1) 

• Snow-covered areas are estimated from microwave brightness temperature differences 
caused by scattering effects of snow. 

DMSP F-17(SSMIS) DMSP F-18(SSMIS) GCOM-W1(AMSR2)

Tb19GHz－Tb37GHz＞Tbthreshold

Merged satellite 

snow-cover product



First guess for optimal interpolation
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• First-guess fields for snow depth depend on the satellite snow-cover 
product and forecast snow depth as bellow.

Snow Snow free

Snow
Forecast 

snow depth
0 cm

Snow free 0 cm 0 cm

Satellite

Model

※

※ If climatological probability of snow exceeds 80%, 

forecast snow depth is used as first-guess.

Forecast snow depth Satellite snow cover

First-guess snow depth
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Optimal interpolation for snow depth analysis
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• Analysis increments are calculated as the sum of weighted innovations 
(O-B) for each grid point.

• Background error structure function will be 
updated to avoid widespread increment 
(following Brasnett et al, 1999).

Horizontal structure function
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new system
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L: 100 km, H: 800 m Horizontal distance (km)

Operational system New system

σb: background error standard deviation

σo: observation error standard deviation



Impact of updating snow depth analysis
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31st January 2019

• Analysis of snow-covered area is improved by introducing satellite snow-cover product 
and updating optimal interpolation scheme.
– In addition to the improvement, surface temperature cold biases are reduced in several regions.

operational system new system

operational system new system

IMS

IMS

13th January 2019



Recent developments: Soil moisture analysis in GSM
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• Simplified Extended Kalman Filter(SEKF) is planned to be operational.

– SEKF: Drusch et al.(2009), de Rosnay et al.(2013)

𝒙𝒂 𝑡𝑖 = 𝒙𝒃 𝑡𝑖 +𝑲𝒊 𝒚
𝒐 𝑡𝑖 −𝐻𝑖(𝒙𝒃)

𝑲𝒊 = 𝑩−1 +𝑯𝒊
𝑻𝑹−1𝑯𝒊

−1
𝑯𝒊
𝑻𝑹−1

𝒙𝒃 𝑡𝑖 = 𝑀 𝒙𝒂(𝑡𝑖−1)

𝒙𝒃: first − guess 𝒚𝒐: observation

𝐻𝑖: nonlinear observation operator

𝑯𝒊: linearized observation operator

𝑀: nonlinear forecast model

R: observation − error covariance matrix

B: background − error covariance matrix

𝑲𝒊: kalman gain matrix

• B and R are static as same as de Rosnay et al. (2013).

• 𝑯𝒊 is approximated by finite differences of soil moisture state vector.



Soil moisture analysis system
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First-guess

(forecast T2m and RH2m)

Ground-based 

SYNOP observation

Soil moisture analysis

Optimal interpolation

QC
First-guess

(forecast soil moisture)

SEKF

Calculate 𝑯𝒊

by a 7-member ensemble of 

a low-resolution GSM

(to save computational cost)

• Analyses of screen-level temperature and relative humidity are assimilated.

• To prevent unrealistic soil moisture drifting after long-term integration, initial soil 
moisture below the 4th layer is set to the climatological value.



Impact of introducing new soil moisture analysis
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① ② ③

④ ⑤

Comparison of the soil moisture analysis (2nd layer) with USDA SCAN observations (at 5cm-depth) for five selected sites. 
Black: USDA SCAN, Blue: operational system, Red: new system. 

• Analyzed new soil moisture obtained from the SEKF cycle can represent day-to-day 
variation successfully by using 6-hour forecast as first-guess field.

Period:  20th June 2017 to 11th October 2017
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Impact of introducing new soil moisture analysis

Percentage of relative improvement in root mean square error for 24-hour forecasts of 
temperature at 850 hPa verified against (a) JMA, (b) ECMWF and (c) UKMO operational analysis.

• SEKF introduction reduced the RMSEs of temperature at 850 hPa for land 
areas (e.g., Central Asia, Australia, North America and South America).

Period:  July 2017 to September 2017

(a) against JMA analysis (b) against ECMWF analysis (c) against UKMO analysis
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Impact of introducing new soil moisture analysis

Root mean square error of (a) T850 (b) RH850 against radiosondes in the NH (20◦N–90◦N).

• Forecast skills of lower temperature and humidity in the short range were 
improved against radiosondes in the Northern Hemisphere.

Period:  July 2017 to September 2017

(a) T850 (b) RH850

[K] [%]

: operational system
: new system



Summary
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Future plans

• JMA plans an upgrade of snow depth analysis and introduction of a soil moisture analysis 
system in the next spring.

• The improved initial snow depth, soil moisture and lower-atmosphere conditions provide 
better forecasts in the near-surface atmosphere. 

• Snow depth analysis

– Increase frequency of the snow analysis to 4 times a day (00, 06, 12 and 18UTC)

– Improve satellite snow cover (use new satellite product and update estimate algorithm)

• Soil moisture analysis

– Use satellite product (ASCAT, etc.)

– Calculate B and H using ensemble-based data assimilation (Hybrid 4DVAR-LETKF in JMA)


