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Approach: Conduct Model Forecast Experiments 
Adding Observations and Varying Data 
Assimilation methods.
 Add YOPP-SH SOP soundings in model initialization 

• Do the additional YOPP-SH observations 
improve the forecasts significantly?

 Test new data assimilation (DA) methods for AMPS 
• Can different DA approaches improve polar 

prediction in AMPS?  (not covered here)
Framework: AMPS WRF Domains – 24-km 
(Southern Ocean) & 8-km (Antarctica) grids

YOPP-SH Summer Special Observing Period.
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• The location of radiosonde sites
• The time coverage of each radiosonde sites during the special observation period. 
• Escudero is combined with King Sejong Island and Jang Bogo is combined with 

Mario-Zuchelli as Terra Nova Bay. The total number of observations for each station 
is after station name, and the red number one the top row is total number of 
observations for all stations within one month.

Radiosonde sites and 
coverage



Bias, RMSE and R of 10-m wind speed (top) 
and 2-m temperature (bottom) between 
station observations and ERA5/model outputs 
(SOP&NOSOP) from 1 to 17 January 2019. 
• Color – Bias
• Size - RMSE, 
• Outlined circle when the R is larger than 

0.7. 
Dots with lighter (darker) color, smaller 
(larger) size, and double (single) circle 
demonstrates that the model has a better 
(worse) performance. 
• The SOP improvement of 

temperature is larger than wind 
speed.

• SOP performs better mainly over 
WA (red box).

ERA5, SOP and NoSOP VS. AWS observations

SOP – Simulation with all observations including satellite radiances
NoSOP – Same as SOP but without additional SOP radiosondes
ERA5 – reanalysis that assimilates all observations, not a forecast

Wind speed (m/s)

Temperature (C)

Preliminary Results 



Radiosonde comparison with SOP/NoSOP
Mean absolute error (MAE) of temperature at 32 
pressure levels from SOP/NoSOP for two forecast 
ranges from 1 to 17 January 2019.

Temperature MAE - Red difference means 
SOP is better
• Both SOP and NoSOP have larger MAE 

above 70hPa and between 225 – 300hPa, 
and the MAE increases with forecast time. 

• Also, SOP significantly improves the 
simulations at mid-stratosphere (above 
70hPa) by 0.5 ºC 

In General:
Six-hour spin-up is applied to all model 
simulations. In general, SOP shows consistent 
improvement at most of pressure levels for 
temperature and wind speed. However, the 
simulation of RH in SOP and NoSOP does not 
have a consistent pattern. 



Average mean absolute error of temperature between radiosonde 
and model outputs at 32 pressure levels from 1 to 17 January 2019.

• Yellow shadow highlights the 

pressure level that SOP has 

improvements. 

• Blue shadow highlights the pressure 

level that shorter forecast period 

(F06 -27) has larger SOP 

improvements. 

• Red highlight shows the pressure 

level that SOP has largest 

improvements.



Radiosonde comparison with SOP/NoSOP
Mean absolute error (MAE) of wind speed at 32 
pressure levels from SOP/NoSOP for two forecast 
ranges from 1 to 17 January 2019.

• Both SOP and NoSOP performs better at 

upper levels (above 150hPa) and have 

larger MAE between 200 – 500hPa with a 

value up to 5m/s, and the MAE increases 

with forecast time.

• Compared to the temperature simulation, 

the improvement of wind speed in SOP is 

less consistent between different stations. 



SOP/NoSOP temperature 
forecasts (F00 - F72) 
“benchmarked” against 
ERA5

Red difference means SOP is better.
• For all three time periods, SOP is better at almost all pressure levels, especially 
above ~50hPa (consistent with radiosonde comparison).
• SOP impacts persist during the whole forecast period (till F72).
• With the most extra observations, Jan 2019 has the biggest improvement in the 
SOP, especially between 900hPa and 650hPa.
• Thus, we are going to focus on January 2019 from now on.

MAE

RMSE

RMSD

Nov 2018 Jan 2019 Feb 2019

south of 60 ºS



South of 60º S North of 60º S

SOP/NoSOP temperature forecasts (F00 - F72) “benchmarked” 
against ERA5 as a function of latitude. Key Points

• The contrast is huge
between south of 60º S 
and north of 60º S. -
consistent with the data 
coverage

• SOP improvements persist 
during the 72-hour forecast 
period. 

• SOP has strong 
improvement in 
temperature forecast 
above ~50hPa and 900hPa 
- 650hPa.

MAE

RMSE

RMSD

Red difference means SOP is better.



South of 60º S North of 60º S

SOP/NoSOP wind speed forecasts (F00 - F72) “benchmarked” 
against ERA5 as a function of latitude

Key Points

• The contrast is large 
between south of 60º S 
and north of 60º S –
consistent with the data 
coverage

• SOP has strong 
improvement in wind 
speed forecast ~ 300hPa.

• The SOP improvement is 
stronger after ~F27, which 
is different compared to 
temperature simulation.

MAE

RMSE

RMSD

Red difference means SOP is better.



SOP/NoSOP RH forecasts (F00 - F72) “benchmarked” against 
ERA5 as a function of latitude Key Points

South of 60º S North of 60º S

• The SOP improvement on 
RH expands more 
northward compared the 
other two variables (temp, 
wspeed).

• SOP has strong 
improvement in RH at all 
pressure levels (south of 
60º S )

• The SOP improvement is 
stronger between F30 –
F60.

MAE

RMSE

RMSD

Red difference means SOP is better.



Sea level pressure and surface winds at 00 UTC 18 January 2019. 

MSLP pattern in SOP is closer to ERA5, but the low-pressure center 
over the ocean is less intense.  

Time series for surface pressure, 2-m 
temperature, and 10-m wind speed at Austin from 
12UTC 16 January to 12UTC 20 January 2019 SOP Better Captures the Low over Amundsen Sea

(Bromwich et al. 2020)

Case Study



• With more extra radiosondes, more significant improvements.
• Time period: 2019 January period is better than other two periods – Proof of 

the forecast impact of extra radiosondes.
• Area: South of 60 ºS has a much stronger SOP improvement compared to 

North of 60 ºS – More radiosonde observations needed at lower latitudes.

• Potential lower latitude sites for Winter SOP: Kerguelen Island 
(France), Punta Arenas (Chile), Invercargill (New Zealand), Marion and 
Gough Islands (South Africa), Macquarie Island + (?) (Australia).

• What about Saildrones in the South Pacific?
• More research is needed to understand the forecast impact on 

different variables.

Summary
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