5.5

EVALUATION OF CEILING AND VISIBILITY PREDICTION:

PRELIMINARY RESULTS OVER CALIFORNIA USING THE NAVY’S COUPLED OCEAN / ATMOSPHERE MESOSCALE PREDICTION SYSTEM (COAMPS)
Daniel A. Geiszler

Science Applications International Corporation, Monterey, California

J. Cook, P. Tag, W. Thompson, R. Bankert, and J. Schmidt

Naval Research Laboratory, Monterey, California
1. INTRODUCTON

Accurate forecasts of ceiling height and visibility are critical to ensuring the safe operations of Naval aircraft.  In response to a need for accurate weather representation within the battlespace environment, the Naval Research Laboratory (NRL) in cooperation with the National Center for Atmospheric Research (NCAR) is developing a real-time weather prediction system (NOWCAST) designed to improve weather forecasting in the 0-6 hour time range.  An initial requirement of NOWCAST is a ceiling and visibility product.

A few studies have attempted to evaluate algorithms to predict ceiling and visibility (C&V).  A recent study by Stoelinga and Warner (1999; hereby referred to as SW1999) attempted to predict C&V using forecasts from the Pennsylvania State University – NCAR 5th Generation Mesoscale Model (MM5) as input into two C&V prediction algorithms. Each algorithm is referred to as a translation algorithm (TA) since the algorithm translates the prognostic fields of a numerical model into another forecasted weather parameter.  SW1999 examined the performance of the C&V TAs during a two-day precipitation event over the northeastern United States in March 1992.  While SW1999 found visibility to be reasonably well represented by the TA, the ceiling forecasts showed a tendency to over-predict high ceilings when compared with Surface Airway Observations (SAO) at selected stations in the forecast grid.  A qualitative analysis that compared the areal coverage of low ceiling and visibility forecasts with SAOs and operational terminal forecasts yielded similar conclusions.

The motivation of the present study is to further evaluate the TA’s of SW1999 using the Navy’s Coupled Ocean/Atmosphere Mesoscale Prediction System (COAMPS).  A comparison with C&V forecasts will be made using visible satellite imagery and METAR observations.  The results of the study will help determine the TA’s skill and potential role in a short-range weather prediction system. 

1.1 Ceiling and Visibility Algorithms


The C&V algorithms used in the present study have been thoroughly described by SW1999, and only a brief description of the algorithms will be given here.  SW1999 define visible range, xvis, as,

xvis = -ln(0.02)/ ( = 3.91/(,

(1)

where ( is the extinction coefficient.  Eq. (1) is identical to the visual range relationship described by Middleton (1947).  The value of 0.02 used in Eq. (1) represents a 2 percent threshold of contrast between an object and its environment and was first introduced by Koschmieder (1926).  Ceiling height is determined by integrating ( vertically over a single grid point until a beam of light shown at the model surface is extinguished to 2 percent of its original intensity.  Visibility and ceiling height are considered unlimited at ranges greater than 16.1 km (10 statute miles) and 9 km (29,529 ft) respectively.


The extinction coefficient defined by SW1999 includes effects due to cloud water ((cw), cloud ice ((ci), snow ((sn), and rain water ((rn) where,

( = (cw + (ci + (sn + (rn.
    (2)

Each term in Eq (2) is defined from previous studies relating the mass concentrations of each moisture species with the extinction coefficient (Table 1).

A flaw in Eq. (2), acknowledged by SW1999, is the exclusion of any physics to quantify [image: image1.png]


the effects of blowing dust, blowing snow, and aerosols. The effects of aerosols will be discussed in a later section.

1.2 Model Description

COAMPS is a multi-scale, nonhydrostatic model used in an operational and research capacity.  A complete description of the physics and dynamic schemes used in COAMPS is given by Hodur (1997).  COAMPS initial fields are interpolated from the 1-deg, 12-h forecasts of the Navy Operational Global Atmospheric Prediction System (NOGAPS) for cases where no previous COAMPS forecast fields are available.  This condition is referred to as a cold start.   When the output of a previous COAMPS forecast is available at the analysis time, the previous COAMPS forecast is used in place of the NOGAPS forecast.  This condition is referred to as a warm start.  The lateral boundary conditions to the model are always provided by NOGAPS.  In addition to NOGAPS, observational data is assimilated into the initial model fields using a multivariate optimum interpolation analysis. 

[image: image2.png]





COAMPS explicitly predicts the values of rainwater, cloud liquid water, cloud ice, and snow at each time step.  The visibility calculation uses the instantaneous value of each field at the lowest sigma level to calculate the extinction coefficients in Eq. (2).  The ceiling height is determined by integrating the value of ( upward until the threshold of 0.02 has been exceeded.  The ceiling height is then linearly interpolated back to the level where ( = 0.02.  Since the explicit moist physics (Rutledge and Hobbs 1983) are used only for grids with spacing less than 10 km (Hodur 1997), only the forecasts of the finest mesh (9 km) will be considered in this study.


1.3 Simulation Description


Each 12-h forecast during the six-month study is run using a triply-nested Lambert Conic Conformal grid positioned over the coast of California.  Fig. 1 indicates the location, size, and grid spacing of each computational domain.  The forecasts are part of the Data Fusion for Weather Assessment  project (Tag et al. 2000).


The California coast has been chosen for several reasons:

 

· The summer stratus provides a good cloud field to validate the model forecasts, 

· METARs that include observations of ceiling and visibility are available hourly,

· Visible satellite imagery over California is available at a high resolution (1 km).

The period of study consists of successive 12-h forecasts initialized twice daily (0000Z and 1200Z) beginning 1 July 1999 and ending 31 December 1999.  A cold start is used only when the previous 12-hour COAMPS forecast fields are unavailable.  Numerous cold starts occurred during the months of August and September due to problems with the machines.  The version of COAMPS was upgraded in October; however, a problem with the code forced the model to be run without a moisture analysis during the entire month.  Therefore, simulations from October are not included in this study.  The moisture analysis was corrected by 1 November, and the model ran without interruption until the end of the year.

For the first month of the study, the ceiling height fields were examined qualitatively using comparisons with visible satellite imagery.  Beginning on 16 August, the ceiling (m), visibility (m), temperature (K), dew point (K), wind speed (ms-1), and wind direction (degrees) were extracted at selected grid points within the finest mesh and compared with METAR observations.  The METAR stations used for the comparison include San Francisco (KSFO), Monterey (KMRY), San Luis Obispo (KSBP), Los Angeles (KLAX), and Bakersfield (KBFL).  The station locations are shown in Fig. 2.  Because the initial validation effort focused on the prediction of the coastal stratus, four of the five stations are located along the coast.  

Hourly METAR observations include temperature ((F), dew point ((F), wind direction (degrees), wind speed (knots), ceiling height (feet), and visibility (miles).  All observations of ceiling and visibility at the five stations are automated both day and night.  Individual grid point values from the model were archived at 3-h intervals, and the entire forecast grids of ceiling and visibility were archived at a 6-h interval.

2. RESEARCH ACCOMPLISHED

2.1 Validation Against Satellite Imagery

Various synoptic situations were chosen to demonstrate the skill of the algorithms using qualitative comparisons between the model’s forecast of ceiling height and visible satellite imagery.  The comparisons are made at 1800Z (1000 PST) and 0000Z (1600 PST).   Visible satellite imagery was chosen in order to view clouds near the earth’s surface; however, in some cases, infrared satellite imagery was referenced to distinguish high clouds from low clouds within a visible satellite image.  Although satellite imagery does not provide a definitive ceiling height to compare against the model, an approximate ceiling height (low, medium, high) can be inferred from cloud patterns and the synoptic/mesoscale conditions.  In addition, satellite imagery provides a means to verify the areal extent of a forecast cloud field.


The model forecasts of ceiling height were regridded to a region closely matching 1 km visible satellite imagery produced by NRL (Fig. 2).  Each forecast is examined to determine how well the model predicted  the timing of the cloud cover, the shape of the cloud field, and the ceiling height.  A forecasted cloud height field that satisfied the three criteria above was considered a good forecast.  An extensive comparison between the ceiling height forecasts and visible satellite imagery can be found at http://esg.saic.mbaynet.com/~geiszler/

cv_images.html.

2.1.1 Low Stratus
Low stratus was most frequently observed during the months of July and August.  The cloud coverage was well forecast for cases where a widespread stratus deck was observed.  The poorest correlations between the predicted and observed cloud fields were found when the observed cloud field was broken or scattered.  Based on the ceiling height field alone, it is unclear whether the poor correlation is a result of the model’s forecast of the moisture fields, or whether the algorithm has failed to properly translate the moisture fields into a discernable ceiling height.  A closer examination of the moisture fields is required to determine the cause.  Additionally, a broken/scattered cloud field may be unresolveable on a grid with 9 km grid spacing.

2.1.2 Cold Fronts
Surface and upper air analyses were used to help identify frontal systems in the satellite images.  Five frontal passages occurred during the period of evaluation, and all occurred in the month of November.  In each case, the shape and timing of the forecasted ceiling height appeared to be well correlated with the cloud field observed in the visible satellite image.

2.1.3 Cirrus
Cirrus or high clouds were identified in the satellite images by their streak-like shapes.  Infrared satellite imagery was also used to help determine the cloud height; that is, a cloud observed in a visible satellite image, but not in an infrared satellite image, has a ceiling height that is near to the earth’s surface.  An additional complication to verifying high clouds is the presence of low clouds, since the ceiling height forecasted by the model may be representative of the lowest cloud.  In several cases, the shape and timing of cirrus appeared to be well predicted by the ceiling height forecasts.
2.1.4 Radiation Fog
Although radiation fog was infrequently observed during the 6-month simulation,  there were four forecasts in which the model predicted a low ceiling at 1800Z in the Central Valley of California (presumably fog) when the visible satellite indicated a clear sky.  It is possible that the poor forecasts resulted from the model’s inability to mix out moisture from the lowest sigma levels quickly enough.  An examination of satellite imagery prior to the valid forecast time is required to determine whether fog had been observed earlier.

2.2 Validation Against METARs


Two time periods from the 6-month simulation were chosen for a quantitative comparison with the METARs: 

Period 1 - 19 August to 10 September 

Period 2 - 1 November to 30 November.

Each period was chosen to minimize the number of cold starts, and maximize the number of forecast events.  The weather in Period 1 was characterized by alternating periods (2-3 days) of coastal stratus and clear skies.  In addition to the low stratus, cold fronts and fog were occasionally observed during Period 2.
During both periods, ceiling heights are consistently over-predicted at KLAX, KMRY, and KSBP and under-predicted at KSFO. An over-predicted ceiling height occurs when the model predicts a ceiling height that is higher than the one that is observed.  The model correctly predicted the ceiling heights at KBFL during Period 1, however, the weather over KBFL during Period 1 was relatively cloud-free.  The forecasts for KBFL during Period 2 demonstrated greater skill predicting the ceiling height than the coastal stations.

Similar results at each coastal station were found for visibility forecasts during both periods.  Unlimited visibility was frequently forecasted by the model at KLAX, KMRY, and KSBP when observations indicated restricted visibilities.  The model forecasts of visibility for KSFO demonstrated a bias towards predicting restricted visibilities.  Forecasts for KBFL during Period 2 frequently predicted a visual range greater than the observation.


A possible explanation for the poor correlation between the forecasts and observations of C&V is the representation of the terrain in the model.  COAMPS topography is smoothed using a 25-point filter.  In the model, the 4000-5000 ft mountain ranges of the California coast are smoothed beyond the actual shoreline and may block low clouds, such as stratus, away from coastal stations.  For cases where the model over-predicted the ceiling heights, values of ceiling height that more closely matched the observed value could be found one or two grid points to the west.  The nearest grid point may not be the most representative of the observing stations used in this study. 


The forecasts produced by the model are also limited by the lack of aerosol information in both algorithms.  Poor visibilities in cities such as Los Angeles during the summer may be attributed to the effects of anthropogenic pollutants.  Although aerosol modeling has recently been added to COAMPS, an aerosol field is difficult to initialize from few observations, and the aerosols do not interact with the moist processes.


 Differences between the observed and modeled C&V values should also be expected because of differences between the ASOS and SW1999 calculations of C&V.  ASOS visual range is determined using the following algorithms:

xvis = 3/( 
(Day)
(3)

0.00336 = exp(-( xvis)/xvis
(Night)
(4)

(U.S. Department of Commerce 1988)

Ceiling heights are determined using the ASOS CT12K ceilometer.  The highest reportable ceiling height of the ASOS ceilometer is 12,000 ft (3657.6 m) (U.S. Department of Commerce 1995) with a vertical resolution of 50 ft (15.24 m).

3. CONCLUSIONS

A 6-month evaluation of two NCAR C&V algorithms was conducted using 12-h forecasts from COAMPS over California.  The C&V algorithms used in the study are those of Stoelinga and Warner (1999).  A summary of comparisons between the predicted ceiling height fields and 1 km visible satellite imagery were presented for 4 different synoptic/mesoscale weather patterns.  While the model and algorithms demonstrated skill predicting the cloud coverage associated with fronts, cirrus, and widespread low stratus, the observed and forecasted cloud fields showed poor correlation during observed broken and scattered cloud events.  

Quantitative comparisons were made between observations at five METAR stations in California and the predicted values of C&V at the nearest grid point within the finest mesh of the model.  Forecasts from two time periods, approximately one month in length, were used for the comparisons.  Large differences were found between the observed and forecasted values of ceiling height and visibility for the four coastal stations during both time periods.  The differences may be partially attributable to three factors: terrain representation within the model, poor representation of the aerosols, and differences between ASOS and SW1999’s calculation of visibility and ceiling height.


Future work should address two areas of the research: (1) Improving the algorithm / model and (2) Improving the validation of the forecasts.  Improvements to the C&V algorithms may include changes to the threshold of contrast used in Eq. (1).  The threshold of contrast used by ASOS is 5 percent whereas the threshold of contrast used by SW1999 was 2 percent.  In addition, the forecast ceiling heights should not exceed 3657.6 m, the highest detectable limit of the ASOS ceilometers.

The verification effort could be improved by increasing the frequency of the comparisons.  Visible satellite imagery is limited by the available daylight; however, a nighttime low cloud product produced by NRL (Lee et al. 1997) may be implemented to observe low clouds at night.  The increased frequency of comparisons may help identify timing problems with the model.

Each comparison should also include an examination of the four moisture species predicted by the model.  A poorly forecasted C&V may be attributed to the model’s prediction of the moisture fields or the algorithm’s translation of the moisture fields into a C&V product.  Examination of the predicted moisture fields may provide more information to determine the reasons for a poor forecast.
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Figure � SEQ Figure \* ARABIC �1�. COAMPS Forecast Grids


Domain 1 – 52 x 46 grid points – 81 km grid spacing


Domain 2 –  61 x 85 – 27 km


Domain 3 – 58 x 121 – 9 km
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Table � SEQ Table \* ARABIC �1�. Extinction Coefficient Relationships


where C is the mass concentration (g m-3).
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Figure � SEQ Figure \* ARABIC �2�. Region used for Comparisons with Visible Satellite Imagery


METAR station locations are indicated by the shaded circles


Domain 3 boundaries indicated by solid diagonal lines
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