
Introduction

The Geographic Information Network of Alaska (GINA) at

the University of Alaska began to study satellite data

assimilation for the WRF model two years ago. Atmospheric

Infrared Sounder (AIRS) and Cross-track Infrared Sounder

(CrIS) profile data were assimilated into a customized

regional WRF model called the GINA-WRF. Initial results

showed sounder profile data assimilation (DA) improves the

WRF model’s analysis and forecast. The improvement is

localized in space and limited in time. In this poster,

AIRS/CrIS sounder profile vs. AIRS/CrIS radiance DAs are

compared in terms of RMSE between DA and control runs.

One case study of cold air aloft and a one-month statistical

study are presented here. Both control and DA runs forecast

cold air aloft very well. Of 4 DAs, AIRS profile and CrIS

radiance DAs have a positive impact on the WRF short-term

forecast, but AIRS radiance and CrIS profile DAs do not

improve the forecast.

Experiment methods and data
The GINA-WRF is setup to cover mainland Alaska at 18

km grid resolution. The optimized model physical

parameterizations and treatments for the Alaska and Arctic

region (Zhang et al. 2013) were employed. The experiment

covers the period of Jan. 30, 00Z to Mar. 01, 18Z of 2014.

Table 1 summarizes the 5 running modes of GINA-WRF for

the first forecast. The experiment includes a cycling forecast

every 6 hours after the cold-start of the first forecast. GDAS

conventional observation data plus best quality AIRS/CrIS

retrieved profile data (as determined by Pbest in AIRS and

QF5_CrIMSSEDR for CrIS) and AIRS/CrIS radiance from

GDAS are used as inputs for the four 3D-Var GSI data

assimilation schemes. The performance of DAs is evaluated

against point observations in terms of root-mean-square

error (RMSE). The point observations come from the

GDAS-prepared BUFR files (gdas1.tCCz.prepbufr.nr). MET

tools are used to match the grid output of WRF with point

observations.
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Conclusions
1. GINA-WRF with AIRS profile DA can accurately 

forecast cold air aloft over Alaska region. 

2. AIRS profile and CrIS radiance data assimilation improve 

the analyses of  the GINA-WRF. They also improve the

forecast, but the improvement is localized and time-

dependent.  

3. AIRS radiance and CrIS profile DA do not positively 

impact GINA-WRF model output. 
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Future investigation

Realize a 4D-Var data assimilation scheme for the GINA-

WRF.

AIRS/CrIS sounder data are filtered for the best

quality for data assimilation. The number of best

quality data changes with altitude. In the case of

Nov. 5, 2012, 00 Z, enough high quality AIRS data at

850 mb are used to adjust the background field

(Fig.1). Analysis, background, and the difference in

Figure 2 demonstrates that AIRS data modify the

initial condition in many areas. For example, RH at

850 mb over Barrow (radiosonde site 70026) is

adjusted and is picked as a case study.

Mode/Time T-12 h T-6 h T h

CNTL

Run WPS with GFS 

output, run WRF to 

produce 6 hours of 

forecasts

Run WRF with 6-hour 

forecast from CNTL T-

12h to produce 6 hours 

of forecasts 

Run WRF with 6-hour 

forecast from CNTL T-

6h to produce 48 hours 

of forecasts

AIRSP

Get output from CNTL 

WPS at T-12h, do 

AIRS profile DA, run 

WRF to produce 6 

hours of forecasts

Do AIRS profile DA 

with 6-hour forecast 

from AIRSP T-12h, run 

WRF to produce 6 

hours of forecasts

Do AIRS profile DA 

with 6-hour forecast 

from AIRSP T-6h, run 

WRF to produce 48 

hours of forecasts

CrISP Follow the same steps as AIRSP, except using CrIS profile data

AIRSR
Follow the same steps as AIRSP, except using AIRS radiance data

CrISR
Follow the same steps as AIRSP, except using CrIS radiance data

Table 1. Five running modes of GINA-WRF for first forecast

Results from the case study of February, 2014

Prediction of cold air aloft (below -60C) is critical for the Alaska aviation

industry. Cold air aloft over the northern coastal region of Alaska on

February 24, 2014 was captured by CrIS sounding data. CrIS sounding data

show that the vertical extent of the cold air over Barrow is from 250 to 150

mb (Figure 1).
Figure 1  Cold air aloft shown in CrIS sounding data 

This cold air mass was predicted in the 12-hour forecast by GINA-WRF

with AIRS profile data assimilation at analysis time 2014022400 (Figure 2).

The horizontal extent of the cold air mass predicted in the 12-hour forecast

matches the CrIS sounding data very well at every pressure level (Figures 1

and 2).

Figure 2 12-hour forecast with AIRS profile 3D-Var GSI data 

assimilation. Three panels show cold air mass from 300 to 150 

mbar over northern coastal region of Alaska.

Results from monthly statistics

Figure 3 Cross section views from Barrow to Anchorage of 

forecasts at analysis time 2014022400.  

The 6, 12, and 18-hour forecasts at analysis time 2014022400 (Figure 3)

show that the cold air mass hangs over the flight line from Barrow to

Anchorage all day long. The vertical extent of the cold air mass over

Barrow is from around 9.7 to 13.3 km, which is about 250 to 150 mb. The

comparison of CrIS sounding data to the 12-hour forecast indicates that the

GINA-WRF model with AIRS profile data assimilation can predict the

critical phenomena.

Root-mean-square error (RMSE) measures the differences between values

predicted by a model and the values actually observed. RMSE ratio is

defined as RMSE of a DA run divided by the RMSE of a control run. An

RMSE ratio less than 1 indicates that the DA run improves the analysis or

forecast.

The GFS RMSE ratio (Blue) indicates the relative humidity is less accurate

than the control run results, although the temperature and wind are more

accurate than the control run results. The grid resolution of GFS (0.5

degree) is too coarse for regional weather forecasting.

The RMSE ratios of temperature, relative humidity, and wind speed

analyses for the month of Feb. 2014 are shown in Figure 4. The median

temperature, relative humidity, and wind speed RMSE ratios are 0.90, 0.89

and 0.65 for the AIRS profile DA (Red) and 0.77, 0.83 and 0.67 for CrIS

radiance DA (Yellow), respectively. Figure 4 shows that both the AIRS

profile and CrIS radiance DA schemes improve the analyses of these three

variables at all pressure levels, whereas the AIRS radiance DA does not

improve the analyses.

RMSE ratios of 6 and 12 hour forecasts from five running modes of

GINA-WRF do not show significant improvement (Figures 5 and 6). AIRS

profile (Red) and CrIS radiance (Yellow) DAs produce similar RMSE as

the control run. In contrast, the AIRS radiance DA produces even greater

RMSE values than the control run.

Figure 4. Three variables analyses RMSE ratios for Feb, 2014 

Figure 5. Three variables 6-hour forecasts RMSE ratios for Feb, 2014

Figure 6. Three variables 12-hour forecasts RMSE ratio for Feb. 2014


