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Abstract

It is part of British sailing and forecasting folklore that the wind speed increases in
the Dover Straits when there is an established wind-flow — westerly/south-westerly or
easterly /north-easterly — along the English Channel. However the underlying mechanism
of the phenomenon is unclear.

We have used the New Dynamics mesoscale model to perform a case study on an
occasion when this phenomenon was observed in the Channel but not forecast by the
operational model. Results are presented showing the sensitivity of forecasts to horizontal
resolution (down to 2 km) and to vertical resolution. We also demonstrate the impact of
changing the surrounding orography and the land or sea surface roughness.

This work was undertaken under the auspices of the Met Office Low Level Atmospheric
Structure Project, the overall long-term objective of which is to establish and to improve
the quality of detailed low level atmospheric predictions, especially in the neighbourhood
of hills and coasts and with a particular focus on wind speed and direction. We therefore
conclude with a discussion of how a very high resolution New Dynamics mesoscale model
might be implemented operationally and directions for future work.



1 Introduction

1.1 Motivation and Aims

It is part of British sailing and forecasting folklore that the wind speed increases in the
Dover Straits when there is an established wind-flow along the English Channel. The
phenomenon may in fact be most pronounced in an easterly or north-easterly wind, as
such winds are usually associated with a synoptic scale anticyclonic pattern over the UK
and the corresponding high stability at low levels in the atmosphere.

The Dover Straits are just over 30 km wide at their narrowest point. Hence, they are on
the borderline of being resolved by current operational forecast models. It therefore seems
unlikely that the wind speed-up phenomenon is correctly captured in current forecasts.
Moreover, the underlying physical mechanism of the phenomenon is poorly understood.
There are several possible candidates for the mechanism, for example channelling through
the orography or the effect of the land-sea surface roughness contrast, both of which we
discuss in the following section. However, in the Dover Straits region, the expected scale
of these effects appears to be small relative to the wind speed-up observed.

We have used a case study approach to investigate the wind speed-up phenomenon.
The work presented here was undertaken under the auspices of the Met Office Low Level
Atmospheric Structure Project. Several Met Office teams are working on this Met Support
Group funded project. The overall long-term objective is to establish and to improve the
quality of detailed low level atmospheric predictions, especially in the neighbourhood of
hills and coasts and with a particular focus on wind speed and direction. The specific
aim of our work is to investigate and demonstrate the forecasting capability of the Met
Office New Dynamics model mesoscale version at high resolution (up to ca. 2 km grid
spacing). The New Dynamics model [1], which will become operational during 2002, has
several novel features. In particular, it is non-hydrostatic and is therefore able to handle
the orography at these scales and to describe the resultant gravity waves correctly. Also,
the numerical formulation is semi-Lagrangian, rather than Eulerian. Hence the model can
be run with little or no diffusion. Section 2 describes how we tested the sensitivity of the
model forecast to both horizontal and vertical resolution and the results obtained.

After thus demonstrating the impact of resolution on the forecast, we also performed
a series of numerical experiments, for the same case, in order to investigate the physical
mechanism. The values of two physical parameters, the surface roughness length — over
land and over the sea — and the height of the orography, were altered in order to assess
their relative impacts on the low level wind speed. The results of these experiments are
presented in Section 3.

1.2 Contributing Factors - Physical Mechanism

There are several factors known to cause acceleration of the wind in a channel. We want
to consider which of these may contribute to this phenomenon in the Dover Straits case.

Firstly, we consider the orography. The Dover Straits are 30 - 40 km wide and lie in a
gap in the orographic barrier - which is 150 - 200 m high and over 300 km long - formed
by the North Downs (on the English side) and the Colline de 1’Artois (on the French
side). This orography can be seen later in figure 12. Baines [2, 3] performed a series of
laboratory experiments on flow past a barrier ridge with a gap. He found that a layer of
fluid incident below a certain height would be channelled through the gap if the Froude



number,

Hie= - < 0.5 (1)

Nh o
where h is the orographic barrier height, NV is the buoyancy frequency and U is the wind
speed. This result may be applied to the Dover Straits. We know that h ~ 200m and

take as a typical atmospheric value, N ~ 0.01. From equation (1), we have
U < lmsi (2)

Clearly, either a much higher stability (N) and/or a very low wind speed (U) are required
in the lower atmosphere for the low level flow to be deflected through the gap rather
than simply pass over the orography. Alternatively, if there was a very low temperature
inversion intersecting the orography, the low level airflow may be forced through the gap.
In practice, strong orographic channelling of the wind seems unlikely in most situations
in the Dover Straits.

Another possible contributing factor is the roughness length. As the air moves from the
sea over the land, the increase in magnitude of the roughness length will cause deceleration
of the wind speed and convergence at lower levels. An internal boundary layer will develop.
Conversely, air which later moves back over the sea will accelerate and subside.

We should also consider sea and land breezes and drainage flows. A sea breeze may
be set up during the day in summer anticyclonic conditions. At surface level, the sea
breezes flow in opposing directions towards the English and French coasts. Hence one
would expect divergence over the Channel. However, the upper level return flows, which
are typically at height ~ 10®> — 10> m and also part of the sea-breeze circulation, will
converge into the Channel. Furthermore, during the course of the day, an established
sea breeze circulation will turn clockwise due to the Coriolis effect. Thus it may act to
reinforce along-Channel winds, either at the surface or at higher levels, but this effect will
be reversed on the other side of the Channel.

A land breeze may occur during Autumn and Winter in anticyclonic conditions (when
the land temperature is low relative to the sea surface temperature) and also at night
in summer anticyclonic conditions. Furthermore, it may be reinforced by the katabatic
drainage flow of cold air from higher to lower levels. There will be convergence over the
Channel and, perhaps, increased wind speed. Turning of the land breeze may also occur.

Although all the above effects can cause wind acceleration, it is not evident that any
of them could be of sufficient magnitude to cause the increase in wind speed observed in
the Dover Straits region of the English Channel.

1.3 23 July 2000 Observations

The specific case of the Dover Straits wind speed-up phenomenon considered in this
report occurred on 23 July 2000. This case was brought to our attention by Eddy Carroll,
chief forecaster at NMC, Bracknell. The analysis from 0Z on 23 July 2000 and the corre-
sponding radiosonde ascent at Herstmonceux on the south coast of England are shown in
figures 1 and 2 respectively. There are north-easterly winds entering the Channel from the
North Sea beneath an anticyclonic subsidence inversion. The standard surface observa-
tions demonstrate speed-up of the wind in the English Channel. Additional observations
from the Hoverspeed craft operating between Dover and Calais, provided by Julian Hunt,
correlate well with the observed winds and show the speed-up starting at the entrance to
the Dover Straits.
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Figure 1: Analysis at 0Z 23/07/00. Note the anticyclone centred north of Scotland and
affecting the whole of the UK.

Figure 3 shows the observations from 9Z on 23/07/2000 in the English Channel. These
show a wind speed of 20 knots, as the wind enters the Dover Straits at their eastern end,
at Sandettie (51°9’ N, 1°47’ E). Similar wind speeds were reported by the first Hover-
craft voyages between 07Z and 09Z. Further downstream, Greenwich light vessel (on the
Meridian at 50°25’ N, 0°E) reported winds of up to 30 knots for most of the day. No-
tably, the 30 knot winds reported at Greenwich light vessel were super-geostrophic — the
geostrophic wind being ca. 20-25 knots — and considerably stronger than predicted by
the operational (“Old Dynamics”) model forecast.

2 New Dynamics Model Forecasts: Resolution Tests

2.1 Method

We modelled this case by running the New Dynamics (ND) v3.0 mesoscale model for 24
hours from 0Z on 23/07/2000, on three nested limited area domains. Initially we ran the
global ND model to produce lateral boundary conditions for the operational mesoscale
domain. We then ran the ND mesoscale model on the operational domain - shown in figure
4 - which has a horizontal resolution of 12km. This run will be referred to as 12kL38 in
the following discussion. Further runs were carried out at horizontal grid resolutions of
4km (run 4kL38) and 2km (run 2kL38), also shown in figure 4. In each of these cases,
New Dynamics vertical level set A, which has 38 model levels in the vertical, designed to
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Figure 2: Radiosonde ascent from Herstmonceux, Sussex, at 2320Z 22/07/00, showing a
strong temperature inversion at ca. 925mB height.

Figure 3: Observations at 09Z 23/07/00. In the English Channel, Greenwich Light Vessel
(situated on the Meridian at 50°25’ N, 0°E) reported 30 knot winds.
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Figure 6: 10m wind speed (ms~') at 13Z from 2kL38 forecast. The 10 ms~" wind contour
is shown to indicate the extent of the low level Channel jet. The line, from (50.8°N, 0.2°W)
to (49.7°N, 0.4°E), along which horizontal wind cross-sections were taken is also plotted.



closely match the “Old Dynamics” model levels, was used.

In addition to varying the horizontal grid resolution we also varied the vertical res-
olution of the model. We repeated the forecast run using the highest horizontal grid
resolution of 2km, but increasing the number of vertical levels to 90 (run 2kL90). This 90
level set was generated using a stretched quadratic formula. Figure 5 shows a comparison
of vertical height (without orography) vs. level separation for the two level sets.

Computational details for each of these runs are given in appendix A.

2.2 Verification

A variety of subjective verification measures were used for each model run. In line with
the project aims, particular attention was paid to the low level winds. Isotach plots were
produced on certain model levels. Note that for the models with 38 vertical levels, the
lowest model level height is very close to 10m and we therefore use this for the 10m winds.
The vertical structure of the winds was plotted as a cross-section taken across the English
Channel, from (50.8°N, 0.2°W) to (49.7°N, 0.4°E), as shown in figure 6. Vertical wind
profiles of the model winds were also examined at several points in the Channel along the
Greenwich meridian; at Greenwich Light Vessel (50°25’ N, 0°E) and at two points slightly
further north, (50.5°N, 0°E) and (50.6°N, 0°E).

The thermal profiles and stability were also examined at these points. Cross-sections
of theta were taken both from (51.35°N, 0.5°W) to (49.4°N, 0.5°W), (a section similar
to that shown in figure 6 but including land points) and further upstream, across the
entrance to the Dover Straits, from (51.3°N, 1.0°E) to (50.5°N, 2.0°E) and over the North
Sea, from (52.1°N, 1.5°E) to (51.1°N, 2.5°E).

2.3 General Forecast Features

In each of the model runs a low-level jet develops in the English Channel. On a 10m wind
plot this is clearly seen as a swathe of higher wind speeds extending from Dover westwards
to the Isle of Wight and beyond. The jet shape is shown schematically in figure 6. It is
clear that the extent of the jet is of the order of a hundred kilometres — it is not merely
a headland effect. We note also that the jet is not symmetrical but rather runs along the
northern half of the Channel, closer to the southern coast of England than to the French
coast.

Examination of the vertical structure of the winds reveals that the jet maximum wind
speed (of 16-17 ms~") actually occurs at a height of about 200m, but moves up to a height
of approximately 300m and intensifies to 18-20 ms~"' after 19Z.

The theta profiles and cross-sections taken over the Channel, show a mixed boundary
layer close to the sea surface, capped by an inversion. The height and strength of this
inversion vary both with location and during the course of the forecast day. In general
the inversion is higher at 600-800m to the North over Kent and slopes downwards over
the Channel, where the inversion height is 200-400m. The sloping nature of the inversion
is caused by the isentropes descending and fanning out around the anticyclone. There
may also be an element of boundary layer collapse over the sea.

During the day, strong mixing occurs over France and also over Sussex, lifting the
boundary layer top there. In contrast, over Kent, the skies remained cloudy throughout
the day, limiting the mixing in the boundary layer.

Further upstream, over the North Sea, the inversion is also sloping — from a height
of 600-800m off the Suffolk coast to only 200-400m high off the Belgian coast. But,
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from 16Z onwards, it becomes noticeably stronger and flatter - the height reduces to 300-
400m just off the Suffolk coast, probably due to adiabatic descent. At the same time
a corresponding descent of the inversion is evident over Kent, from a height of 800m to
approximately 500m. With the inversion being so low, it is quite feasible that the Kent
orography, which is 100-200m high, is having a blocking effect which contributes to the
formation of the low-level jet in the Channel.

2.4 Comparison with the Operational “Old Dynamics” Mesoscale
Forecast

The 12kL38 New Dynamics run (on the operational mesoscale domain) was compared
with the operational UM 4.5 “Old Dynamics” mesoscale forecast from 0Z on 23/07/2000.
In the “Old Dynamics” forecast a low-level Channel jet was also produced. However,
as the forecast progresses, the 10m wind speeds are noticeably lower than in the New
Dynamics Forecast; up to 1 ms™! slower from 06Z to 12Z and 2-3 ms™' slower later in
the forecast as the jet spins up in the New Dynamics forecast. This is illustrated in figure
7, for 09Z and 21Z.

2.5 Impact of Horizontal Resolution

We now consider the differences between the forecast wind speeds from the New Dynamics
model runs at varying horizontal resolution. The 10m wind speeds from the 2kL38, 4kL38
and 12kL38 forecast runs at 09Z and 13Z are shown in figure 8.

Firstly, we compared the model winds (on the lowest model level) with the observed
10m winds. The 2kL38 run verifies reasonably well up to T47, during which period
the winds observed at Greenwich LV are still below 25 knots. But from T+8 onwards,
Greenwich LV regularly reports winds of 30 knots (although there is a slight slackening
of the wind at 12Z). This maximum speed is not attained by any of the model forecasts.

For times up to 127, in the 4kL38 and 2kL38 forecasts, the maximum wind speeds in
the eastern half of the Channel are notably larger (~ 0.5-1.5 ms™") than those attained
in the 12kL38 run. It is, however, difficult to discern a distinct area of wind speed up
above 10 ms~' (20 knots), except perhaps in the 2kL38 run.

From about 127 onwards, a swathe of wind speeds of over 12 ms™" (ca. 24 knots)
appears in each of the model forecasts at the eastern end of the English Channel between
the south coast of England and Greenwich LV. The approximate shape of the jet at the
10m level is as indicated in figure 6, but note that the extent of the speed-up area increases
with the model resolution. Thus the largest area of speed-up occurs for the 2kL38 run.
The peak wind speed is also higher at 2km resolution, although the difference compared
to the 12kL38 run is not as marked as in the earlier stages of the forecast. In addition,
the region of wind speed-up ‘hugs’ the south coast of England more closely in the 4kL38
and 2kL38 runs, although this may be attributable to the higher resolution.

Differences between the model runs are also evident upon examination of the vertical
structure of the jet. If we look at the wind profile from (50.6°N, 0°E), shown at 13Z
in figure 9, 18km north of Greenwich Light Vessel, we see that the model winds from
the lowest 300m of the atmosphere are consistently 1-2 ms™! greater in the 2kL38 and
4kL38 runs than in the 12kL38 run. The winds are also marginally faster in the highest
resolution 2kL38 run, when compared to the 4kL38 run.

At Greenwich Light Vessel itself, (50°25’ N, 0°E), the wind profiles from the three runs
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Figure 7: Comparison of 10m wind speeds (in ms™!) over the Channel from the then

operational UM 4.5 mesoscale forecast and the New Dynamics 12kL38 forecast at 09Z
and 217Z.
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Figure 8: Forecast 10m wind speeds (ms™!) at 09Z (left) and 13Z (right) from, from top
= to bottom, 2kL38, 4kL38 and 12kL38 models. All plots are shown on the 2km domain.
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Figure 9: Wind Profile at 50.6°N, 0°E, at 13Z, for models at different horizontal resolution.
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Figure 10: Wind Profile at Greenwich light vessel (50°25’ N, 0°E), at 09Z, for models at
different horizontal resolution.

11



Wind profile at 50.6 N, O E, at time T + 13Z
1000 T T T T T T T T 3 T T T v :

Lo -
b -
E
= it —
é‘ 100 & 7
()
s - -
= e A D 2km L38 =
i e i g 2km L90
10 L 1 L L 1 1 L L L L L ' L f
0 5 10 15 20

wind speed, m/s

Figure 11: Wind Profile at 50.6°N, 0°E, at 13Z, for models at different vertical resolution.

are fairly similar, except at 9Z, shown in figure 10, where there is a pronounced difference
in the 2kL38 run. It shows a jet maximum at 200m of 15.5 ms~!, which is 2 ms~! greater
than the maxima in the 12kL38 and 4kL38 runs. This is time at which a 10m wind
speed of 30 knots was observed at Greenwich Light Vessel. As a caveat, we should note
the danger of relying solely on one observation in the Channel for verification purposes.
These winds are reported to first order within an accuracy of 5 knots and also the mast
height of the Light Vessel is not totally reliable, winds are typically measured at 10-15m
height.

Taken together, all these results indicate that the centre of the jet is actually slightly
further north in the Channel than Greenwich light vessel, as this is where the highest
wind speeds are seen.

2.6 Impact of Vertical Resolution

Now we consider the impact of increasing the number of vertical levels used from 38 to 90,
whilst maintaining a horizontal grid spacing of 2km. Verification of the low-level winds
was performed by the methods described above. The 10m wind speeds decreased overall
in the 2kL.90 run compared to the 38 level run. In addition, examination of vertical wind
profiles in the Channel reveals that the winds close to the surface are up to 2 ms=! lower
in the 90 level run. However if we look higher up, near the jet maximum at 200m height,
both the vertical wind profiles and wind cross-sections show that, from 8Z onwards, the
jet’s maximum wind speed is about 1 ms™! faster in the higher vertical resolution, 90
level run. Figure 11 shows an example profile, taken at (50.6°N, 0°E), at 13Z.

In this case increasing the vertical resolution produces a faster jet maximum. The
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spin-up time is slightly shorter; the jet maximum is clearly visible in the vertical cross-
section by 08Z (rather than 09Z in the 2kL38 case). The jet-trapping inversion is also
better captured and is much sharper in the 2kL90 forecast. The magnitude of the vertical
gradient, g—e; in the inversion region is approximately twice that in the 2kL38 forecast.

But wth are the wind speeds close to the sea surface reduced and the wind shear in
the low-level jet increased? The increased vertical resolution 2kL90 run could be more
accurate, however the correlation with the observed 10m wind speeds is worse than in the
2kL38 case. Alternatively there may be a problem with the numerics of the model. In
the 2kL90 run, the lowest model level is at 2m, as compared to 10m in the 2kL38 run.
Thus, the numerical treatment of the surface stress and hence the vertical distribution
of the stress will be different. It is possible that this is what is causing a local slowing
of the wind over the sea surface. However the reduced 10m wind speeds could also be a
non-local effect, due to incorrect calculation of the surface drag over land. Clearly this is
a complex numerical and physical issue which requires further investigation.

3 Impact of Physical Parameters
3.1 Method

Having demonstrated the impact of resolution on the New Dynamics model forecast, we
decided, as the next step in our investigation of the 23 July 2000 case, to probe the
physical mechanism of the wind speed-up phenomenon. This was done by varying some
of the physical parameters suspected of influencing the wind speed in the Dover Straits,
specifically the surface roughness and the orography. These model runs were all performed
using 2km horizontal grid spacing and 38 vertical levels, as in the 2kL38 run, which was
taken as the reference run. The physical parameters were altered in each run as follows:-

1. Reference run ND 2kL38 (performed in Section 2)
2. Land surface roughness

(a) decreased by factor of 100.0
(b) increased by factor of 10.0

3. Sea surface roughness
(a) decreased by factor of 10.0
4. Orography

(a) removed
(b) doubled

5. Reduced orography and land surface roughness, (i.e. 2a and 4a above combined)

In run 3a, the boundary layer code was altered, so that the sea surface roughness was
multiplied by 0.1 immediately after being calculated according to the Charnock formula,
for each timestep. Now, reducing the sea surface roughness leads to increased wind speed
and hence increased surface friction velocity over the sea, which in turn leads to increased
sea surface roughness. However, in practice, the roughness lengths produced by the model

13
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Figure 12: Left — Orography for runs at 2km horizontal resolution (from DTED dataset).
Right — Masked reduced orography used in runs 4a and 5.

over the sea in run 3a are indeed of the order of a tenth of those produced in the reference
run 1, as desired.

For runs 4a and 5, the orography was reduced by means of a mask — as illustrated in
figure 12 — which ensured that the orography was set to zero in the central portion of the
domain but smoothed to the original orography at the boundaries. A similar mask was
used to increase the orography for run 4b, again to avoid problems with the boundary
conditions.

3.2 Results - Physical Experiments

In each of these experiments the model produces a low-level Channel jet, similar to that
seen in the 2km L38 reference run 1. However the jet strength and intensity vary with
the physical parameters. Differences are seen both in the maximum wind speed in the jet
and in the contrast between the wind speeds over land and over the Channel.

As illustrated in figure 13, the maximum 10m wind speed in the Channel jet is in-
fluenced both by the orography and by the contrast in surface roughness as the wind
flows from the sea over the land. Multiplying the surface roughness by a factor of 10.0
(run 2b) and doubling the orographic height (run 4b), both have a very similar effect on
the magnitude of the maximum 10m wind speed, increasing it in the order of 1 ms™.
Reducing the surface roughness length over the sea has an even more dramatic effect.

But, there is also great variation in the minimum wind speeds over land — and hence in
the contrast between land and sea wind speeds — for the various model experiments. The
forecast 10m wind speeds in the Channel at 13Z from each of the parameter experiments
are plotted in figures 14 and 15. Figure 14 shows the impact of changing the orography
and/or the land surface roughness length. Figure 15 compares the run with reduced sea
surface roughness, 3a, to the reference run 1.

We now describe the results for each case in more detail.
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Figure 13: Maximum 10m wind speed in Channel jet vs. change in land surface roughness
length for forecast at 13Z. Solid line joins runs with altered land surface roughness, 2a-
1-2b. Runs with reduced orography, 4a and 5 are joined by a dotted line. Run 4b, with
doubled orography is also shown. Reducing the sea surface roughness length in run 3a
increases the land-to-sea roughness contrast by a factor of ten, hence its position on the
graph.
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Figure 14: Forecast 10m wind speeds (in ms™!) at 13Z from 0Z 23/07/2000 for physical
parameter experiments, as land surface roughness is increased (left to right) and orography
is increased (bottom to top). The reference run 1 is at the centre of the diagram, with
the position of the other physical parameter experiment runs as indicated.
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reference

Figure 15: Forecast 10m wind speeds (in ms™') at 13Z from 0Z 23/07/2000 for reference
run 1 and reduced sea surface roughness run 3a.

3.2.1 Orography

Increasing (4b) or decreasing (4a) the orography leads, as already noted, to a correspond-
ing increase or decrease of order 1 ms™' in the maximum 10m wind speed. A change
in wind speed of this magnitude is also seen throughout the depth of the Channel jet.
Little difference is observed in the wind speeds over land - specifically the Kent peninsula
- compared to the reference run 1, except that the winds are maybe slowed a little more
(up to 1 ms™!) over Kent when the orography is heightened.

3.2.2 Reduced Sea Surface Roughness

What happens when the surface roughness length is altered? Reducing the surface rough-
ness length over the sea in run 3a leads, as expected, to an increase in wind speed over
the Channel. However, this increase is not uniform throughout the jet. It is greatest close
to the surface. At the 10m level, the wind speeds are of order 1.5 ms™! larger than in
the reference run 1, with the difference increasing throughout the forecast to ~ 2 ms™!
after 18Z. Also of note is that, from 127 onwards, the 10m wind speeds are approximately
1 ms™! higher than in the runs 2b, in which the land surface roughness is increased and
4b, in which the orography is doubled.

At the height of the jet maximum, 200m, the wind speeds are also greater than in
the reference run 1, but the increase in wind speed is up to 0.5 ms™! less than at the
10m level, close to the sea surface. The jet level wind speeds are also higher than in the
reduced land surface roughness run 2b and the increased orography run 4b, but again the
difference is not as great as at the 10m level.

The wind speeds over land are unaffected by the change in sea surface roughness and
are similar to those in the reference run.

3.2.3 Land Surface Roughness

Increasing the surface roughness length over land (run 2b) causes an increase in wind
speed in the Channel jet, compared to the reference run 1. Both at the 10m level and

at the jet height the increase in the maximum wind speed is approximately 1 ms™!.
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Decreasing the surface roughness length over land (run 2a), leads to a similar decrease in
the winds in the Channel jet.

Towards the end of the forecast period, the height of the jet is somewhat higher in the
increased surface roughness case (2b), compared to the reference run (1), although this
height difference is not more than 100m (or 1 model level).

We also need to consider the changes in the wind speed over land. Obviously, the wind
will be slowed down as it impacts the land, which has a much higher surface roughness. In
the reference run, the change in surface roughness as the wind impacts the Kent peninsula
is ~ 10* and the maximum 10m wind speed in the jet is typically 6-7 ms~! greater than
the lowest wind speeds produced by the model on land. When the land surface roughness
is reduced by a factor of 100.0 in the model, (run 2a), there is only a 10? sea to land
increase in surface roughness as the wind impacts Kent. Along the Sussex coast the
land surface roughness is roughly 10 times that over the sea. Consequently the difference
between land and sea 10m wind speeds is halved to 3-4 ms~'. Typical wind speeds over
Kent in this run are much higher, (above 8-9 ms™') and therefore the contrast to the
maximum Channel 10m wind speeds (which are lower than those in the reference run
at 11-12 ms™!) is considerably reduced. Conversely, when the land surface roughness is
increased by a factor of 10.0, (run 2b), the maximum 10m jet speed increases but the
wind speeds over land dramatically decrease - the minimum 10m wind speeds over Kent
are of the order 2-4 ms™'. The contrast between wind speeds over land and over sea is
therefore 11-12 ms~!, almost double that in the reference run.

3.2.4 Reduced Orography and Land Surface Roughness

Finally we consider model run 5, for which both the land surface roughness length and
the orographic height were reduced. In this case, the 10m wind speeds over land were
similar to those in run 2a, in which only the land surface roughness was reduced (by the
same factor, 100.0). However the maximum wind speeds in the Channel, both at 10m and
at jet height, were about 1 ms~' lower than in run 2a, indicating that both the surface
roughness and the orography influence the formation and strength of the low-level jet.

4 Conclusion

4.1 New Dynamics Forecast

For the 23 July 2002 case considered in this report, we have demonstrated, both from
the observations and from the New Dynamics model forecasts, that wind speed-up in the
Dover Straits and the English Channel did occur. A low-level Channel jet forms under a
strong inversion. In the model forecasts this jet extends over a hundred kilometres along
the south coast of England and hence cannot be perceived merely as a headland effect.

The New Dynamics forecast clearly contains much useful information. However, in
this case, it takes some time for the model to spin up from the “Old Dynamics” analysis.
This is not necessarily surprising if, as we suspect, Coriolis effects are important in the
formation of the low-level jet. What is of note is that, once the New Dynamics model has
spun up, we see a considerable improvement in terms of increased forecast wind speeds
i the Channel jet — even at the current operational mesoscale resolution -~ compared
to the “Old Dynamics”.
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4.2 Impact of Resolution on Forecast Quality

The maximum observed wind speed of 30 knots is not attained by any of the New Dy-
namics model forecasts of Section 2. Nevertheless, each of the forecasts shows a low-level
Channel jet, the strength of which increases as the horizontal resolution implemented in
the model increases. The forecast maximum wind speeds are greater, both at the 10m
level and at 200m (where the jet is strongest), when the New Dynamics model is run at
a horizontal grid resolution of 2km rather than 12km.

Increasing the vertical resolution, by using 90 rather than 38 model levels, also affects
the forecast. At the 10m level the wind speeds are lower — possibly because the drag is
being calculated incorrectly when the lowest model level is at a height of 2m. However, the
low-level inversion, underneath which the jet is trapped, is stronger and better captured.
At 200m height, where the jet is strongest, higher maximum wind speeds are predicted.
Although the handling of the surface may need more attention, in general the forecast is
improved when the vertical resolution is increased.

4.3 Physical Mechanisms

The numerical experiments performed in Section 3 demonstrate that the formation of the
low-level Channel jet is influenced by both the sea-to-land surface roughness contrast and
the surrounding orography. Increasing the height of the orography, increasing the land
surface roughness or reducing the surface roughness over the sea all increase the speed
of the Channel jet. However, the total impact on the forecast of each of these changes
differs.

When the land surface roughness is increased, the wind speed increases in the Channel
but also, obviously, the wind speeds over land decrease noticeably. In contrast, reducing
the surface roughness of the sea, does not affect the wind speeds over land. But it does
cause a differential alteration to the wind speeds over the sea; in the Channel jet the 10m
wind speed is increased by a greater amount than the wind speed higher up in the jet at
200m.

We conclude that, in this case, the surface roughness change and the orography to-
gether lead to the low-level jet in the English Channel, as forecast by the model. In
addition, it is obvious that the increased surface roughness over the Kent peninsula is the
mechanism by which the wind speeds over land are decreased, providing definition to the
low-level jet in the Channel. Hence a careful treatment of the surface roughness over land
and sea and of the surface drag is clearly essential in order to guarantee accurate forecasts
of the wind close to the sea surface, especially as the vertical resolution is increased.

4.4 Possible Strategies for Operational Implementation

In light of the overall long-term aim of the whole project — to improve the quality of
low level atmospheric predictions ~— what has this case taught us about using the New
Dynamics mesoscale model at high resolution as an operational forecast tool in such
scenarios’

From our results, it is clear that as high a grid resolution as possible should be used,
both in the horizontal and vertical directions. This will bring direct improvement to the
forecast, although obviously the grid size will be limited both by the available computer
power and by the time constraints for producing a real time forecast.
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A noticeable problem in the New Dynamics forecasts produced here is the time taken
for the model to spin up the low level jet. How can a faster spin-up of Coriolis effects be
achieved?

We have already noted that the spin up is faster at a higher horizontal and vertical
grid resolution. Also, the New Dynamics model forecast stronger winds in the Channel
than the “Old Dynamics”. We might therefore reasonably expect an improvement in the
initial state, when the New Dynamics model is operational and we start a run from a New
Dynamics analysis, rather than the “Old Dynamics” mesoscale analysis used here.

However, in the context of this project, a very high resolution — say 2km grid —
New Dynamics model forecast, is a product which may be required intermittently rather
than being produced on a continuous operational basis. This raises a further question.
Assume we have an operational forecast with or without data assimilation cycle at current
mesoscale resolution, 12km, but we wish to run a very high resolution model at e.g. 2km
grid resolution. What form, if any, of data assimilation should be used at this very high
resolution and how would this reduce the spin-up time?

We briefly present some possible options.

No Data Assimilation at High Resolution

The 12km New Dynamics analysis is used for the initial state. No information from
smaller scales is included. This is clearly the cheapest strategy in terms of computational
power, but means that the scales smaller than 12km, which proved to be very important
in the case study considered here, will take time to spin up.

Data Assimilation at High Resolution

An expensive computational strategy is to have full data assimilation at the very high 2km
grid resolution as well as possibly at 12km resolution. This would retain the full detail
of the jet in the initial model state. However there is always a risk that the assimilated
observations may smooth out the jet, but this should not happen if it is well forecast.

Nudging

A proposed middle way between the above two options is to separate the analysis field
into a 12km resolution field and a field containing the very high resolution smaller scales,
1.e. the difference of the 2km and 12km grid resolution fields. For the initial model state
we would then use the 12km analysis and nudge in a very high resolution increment,
calculated using linear analysis. With this approach there may be spin-up at the larger
scales, above 12km, but it would be relatively small compared to the spin-up required if
no form of data assimilation were used.

Computationally, this strategy would be considerably cheaper than performing full
data assimilation at 2km resolution, but we do not know at present if it is possible to
implement in practice.

There is clearly considerable scope in choosing how to form the initial state. There are also
trade-offs to be considered, for example, if no data assimilation is used at high resolution,
then all the available computer power can be ploughed into increasing the grid resolution,
but the spin-up time will be longer. Further trials are clearly necessary before the choice
of data assimilation system for operational use can be finalised.




5 Proposals for Future Work

The case study described in this report has proved very informative, but one case study
alone can neither prove the forecasting ability of the New Dynamics mesoscale model nor
completely describe the wind speed-up phenomenon. Therefore, as the next stage in the
project, we plan to consider further cases, either in the Dover Straits or in other coastal
regions.

Several influencing factors could be quite different in another Dover Straits case, for
example wind speed and direction, the stability profile of the atmosphere, the sea surface
temperature or the surface temperature contrast. However, if our intention is to gain a
better understanding of the phenomenon, we should aim to change only one or two of
these variables in any one case.

We have already commented on the lack of observations which can be used for ver-
ification purposes, over the English Channel. One of our key aims would therefore be
to perform a case study with more observational data. For this reason, we are consider-
ing how more data may be obtained, for example from sea traffic in the Channel or by
using the new Met Office/NERC aircraft. We are also investigating whether higher den-
sity observational data is available in other coastal regions where similar wind speed-up
phenomena occur. If so, these regions could be used for future modelling case studies.

In keeping with the broader aims of the Low Level Atmospheric Structure Project, the
current and future cases will also be modelled using the 3dVOM model, a 3-dimensional
time-dependent linear model developed at the University of Leeds. Comparison with
the results from this model will be very valuable when deciding what forecasting tool is
most practical for coastal regions while retaining the necessary degree of accuracy in its
predictions.
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A New Dynamics Model Resolution Tests: Variable
and Parameter Information

Tables 1-3 give more detailed information for each of the runs described in section 2. For
further information see the New Dynamics Documentation [1] and the New Dynamics

v3.0 User Guide [4].

N
1. Each run had a start time of 0Z 23/07/2000 and was run for 24 hours.

2. Each processor on T3EB has twice as much memory as those on T3EA. The T3EB
processors are also a third faster, hence the timing for the 2kL38 and the 2kL90
runs cannot be directly compared.

3. The timings recorded are not necessarily reproducible. They should also be faster
when the model is run in the UM rather than using the development version 3.0.
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