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1. Introduction
Todays major airport face severe capacity problems due
to increasing air traffic. One limiting factor is the wake
vortex (WV) hazard which requires prescribed separation distances according to the weight of the approaching aircraft. New wake–vortex related staggering procedures for approaching aircraft are sought which reduce
the current separations and relax airport capacity shortages without lowering todays safety levels. Hence, a
forecasting tool, which predicts the vortex positions and
strengths along the flight path in a given or forecasted atmospheric environment, together with ground-based or
airborne wake monitoring and detection tools might permit air-traffic controllers to ease some of the regulations
without loss of safety.
From experience and research results gained during
the past 30 years (Hallock et al., 1998, Spalart 1998,
Gerz et al., 2001), it becomes evident that the separation standards seem overly conservative for a variety of
meteorological situations. The atmosphere controls the
wake vortex behavior, culminating in trajectory and structural changes. Under favorable atmospheric conditions,
the vortices become unstable and decay quickly, or are
transported out of the flight path of a following aircraft.
The essential key towards such a system is the
knowledge about the meteorological conditions and their
impact on the wake vortex behavior. In this paper
we will introduce the model system NOWVIV which
was tested during a field campaign accomplished at
the Fairchild–Dornier airfield in Oberpfaffenhofen, Germany during April/May 2001. That campaign, named
WakeOP, commonly driven by DLR’s Wake Vortex

Project ”Wirbelschleppe” and the European project ”CWake”, aimed at predicting, monitoring and characterizing the evolution of the wake of a given aircraft flying with
prescribed configurations in various meteorological conditions. In the following we will investigate the quality of
the NOWVIV wind prediction in comparison to observations from a wind profiler.

2. The model system NOWVIV
A hierarchy of weather forecast models is combined
within the model system ”NOWVIV” - NOwcasting Wake
Vortex Impact Variables -which run automatically at DLR
in an operational mode during WakeOP. NOWVIV uses
output data from the operational weather forecast model
”LM” of the German Weather Service which runs at a
resolution of 7 km. LM on the other hand is driven by the
global model ”GME” which runs at a resolution of 60 km.
A core element of NOWVIV is the Penn State/NCAR
mesoscale model ”MM5” (Grell et. al, 2000) which
is used to predict atmospheric state variables within a
2.1 km grid around the airfield with an increasing vertical
spacing from 25 to 50m throughout the boundary layer.
Detailed terrain and landuse information is provided to
NOWVIV. See figure 2 for the principle scheme of NOWVIV. The WakeOP terrain is heterogeneous with some
orographic features such as lakes and hills embedded.
NOWVIV is initialized every 12 hours, 12 UTC and 0
UTC. Locally measured data have not been assimilated
for this test, however this is planned in the near future.
Output variables are vertical profiles of horizontal
  and
vertical wind,  , virtual potential temperature and

turbulent kinetic energy .

Table 1: Distribution of the difference between observaDuring the WakeOP campaign, NOWVIV forecasts tion and prediction (NOWVIV) and the root mean square
were used in the morning briefing to schedule flight tests error (RMS).
and patterns.
A SODAR/RASS wind profiler (WPR) was operated at
Variable
1. Quartile Median 3. Quartile RMS
the airport providing profiles of wind and temperature in
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-4.1
-2.3
-0.6
3.6
a nominal range of 40-500 m. Part of the system was a
 
(m/s)
-2.9
-1.2
-0.4
2.9
sonic anemometer mounted at 10 m height. The maximum height range was set to 500 m above ground in order obtain the highest possible vertical resolution of 1020 m in the lower boundary layer, where the test flights Table 2: Distribution of the difference between observawere performed at a height of 150 m above ground. tion and prediction for NOWVIV and LM (in m/s).
Available are 10 min averaged profiles. The WPR was
running nearly continuously throughout the campaign. In
NOWVIV LM

addition data from a bistatic RADAR, radiosonde sound1st Quartile
-4.1
-6.0

ings and a wind LIDAR are available for comparison. For
Median
-2.3
-3.7

this study we focus on the comparison with the WPR be3rd Quartile
-0.6
-1.5

cause it provided quality controlled data on a 24 hr basis.
RMS
3.6
5.3
 
In the following we will check the forecast quality of the
1st Quartile
-2.9
-4.5
 
cross wind relative to the runway and, as an indicator of
-1.2
-2.3
  Median
wind direction error, the quality of the wind speed predic-0.4
-0.1
tion.
  3rd Quartile
RMS
2.9
3.9
A comparison of model data with observations is typically complicated due to different time/space averaging
of meteorological data. To what extent it is meaningful
to compare WPR data with model results can be sim- 3. Model performance
ply estimated. Assume an air mass which is advected
with 5 m/s into the sensing volume of the WPR. For The overall statistics for the NOWVIV forecast is shown
the 10minute averaging period this airmass travels 3 km in Table 1. The data in the table are representative for a
which corresponds roughly to the scale of the spatial height range of 10-500 m. On average we find an overmodel resolution (2.1x2.1 km ). Subgrid features in the estimation of the model predicted cross wind and wind
airport environment relative to the model resolution may speed. RMS errors for cross wind and wind speed have
influence the wind field for weak winds. This may cause a similar magnitude which appears to be related with an
larger differences between observation and prediction.
error in predicted wind direction.
We now investigate the benefit in using a high resoWe analyse the forecast of wind speed
and runway cross wind  from 19 days comprising very differ- lution model. This is done by quantifying the error of
ent weather situations which gives an impression on the the forecast from the routine weather service model LM
NOWVIV capabilities. As a simple measure of the error against the NOWVIV forecast.
In general both NOWVIV and LM overestimates the
we have chosen the difference between observation and
average wind speed. Considering the median, this overprediction (here for the cross wind  ):
stimation is reduced by about 40 % when using NOWVIV
     !"#
(Table 2). This improved forecast by NOWVIV is likely to
(1)
be due to the higher spatial and vertical resolution of the
model domain with a better representation of local orogand the root-mean-square error.
raphy and landuse. Figure 1 shows the height depen-

dence of the RMS error for the LM and NOWVIV forecasts. An increase of the RMS error with height is found Table 3: Distribution of the difference between wind
speed observation and prediction depending on the time
in both models.
of day. Data are representative for a height range of 10500 m above ground.
SODAR vs. forecast, RMS error wind speed
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4. Summary
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We have introduced NOWVIV, an operational model sysFigure 1: Profiles of the wind speed RMS error of the tem to provide forecasts of meteorological parameters
NWOVIV and LM forecasts.
to predict wake vortex transport and behavior. The
performance of the wind forecast during WAKEOP has
The diurnal variation of the model errors has been in- been analysed and quantified for 19 days. In the future,
vestigated in more detail. We define morning (5:00-9:00 model forecasts and in-situ observations will be comlocal time, LT), midday (12:00-15:00 LT), evening (17:00- bined within NOWVIV. Furthermore, an assessment of
20:00 LT) and night time (21:00-04:00 LT) periods and the turbulence kinetic energy and temperature forecast
compute the corresponding error statistics.
is currently carried out. Finally, WV predictions using
The differences are not large (table 3). We find a NOWVIV data will be compared to observed trajectories
slightly better forecast quality for the midday profiles. of WVs from WakeOP.
Larger differences in the upper layers are found for the
morning and evening hours which represent transition
times with unstationary boundary layers where for exam- References
ple components of the surface energy balance change
rapidly.
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Figure 2: NOWVIV flowchart.

