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1 Introduction

In 2009 the UKV began running operationally. With an interior gridlength of 1.5 km, it allows
convection to take place explicitly rather than via a convection parameterisation. While this
leads to an improvement in the representation of showers compared to lower resolution models
where the convection is primarily parameterised, there are deficiencies, the main ones being
that the convective cells tend to be too large and too intense and that convective initiation is
delayed.

There is currently research at the Met Office working with higher resolution NWP models.
For example 100m research models have been set up to study cold pooling in valleys during
COLPEX, convection in the southern UK during DYMECS and fog and the urban heat island
over London. Due to the forecasters very positive view of the 333m model run over Weymouth
during the Olympics, a 333m model is now running routinely over London to improve fog fore-
casts for Heathrow. Even though computational constraints mean it is unlikely that a O(100m)
UK model would be operational in the near future, it is possible that a more modest resolution
increase could be required. Therefore it is important to know how convection is represented in
these models. It is hoped that higher resolution models would lead to an improvement in the
representation of convection, however work during DYMECS has shown this isn’t necessarily
the case.

An important aspect of working with high resolution models is being able to compare them
with observations. The COPE field campaign (described below) provides a good opportunity
for this. This report is intended to give an initial look at the results from the high resolution
models for these cases. Further work to improve the models in the light of further observations
will be ongoing.

2 COPE

The COnvective Precipitation Experiment (COPE) field campaign took place during July and
August 2013 over the SW peninsula. The aims of COPE are to

• Understand the physical processes involved in convective precipitation.

• Improve the representation of microphysical processes in operational km-scale NWP.

• Improve the exploitation of data used for operational assimilation.

With the over-arching goal of improving the forecast of convective precipitation leading to flash
flooding.
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COPE is led by the National Centre for Atmospheric Science and the UK Met Office, and
involves scientists at the Universities of Leeds, Manchester and Reading, as well as international
partners from the Universities of Purdue and Wyoming. Two research aircraft, a ground-
based radar and several other ground-based instruments made measurements throughout the
campaign. Fig. 1 shows the location of key facilities and instrumentation: during the field

Figure 1: COPE area showing the location of key facilities and instrumentation.

campaign the operations and forecasting centre was at the Met Office in Exeter; the Facility for
Airborne Atmospheric Measurement (FAAM) BAe 146 and the University of Wyoming King
Air (N2UW) were based at Exeter Airport; and the Facility for Ground based Atmospheric
Measurement (FGAM) instruments were located at two sites near Davidstow.

3 Model setup

To study the representation of convection at high resolution during COPE a one-way suite of
nested models have been run with gridlengths of 1.5 km, 500 m, 200 m and 100 m, as shown in
Fig. 2. The outer domain is the UKV which has a horizontal gridlength of 1.5 km in its interior
(shown in Fig. 2) and 70 vertical levels. For the UKV simulations, the 0400 UTC operational
UKV analysis (the output of a 3-hour data assimilation cycle) was used as initial conditions,
while lateral boundary conditions were provided by the 0000 UTC global forecast. The setup
of the UKV is that which was operational during summer 2013 (UM vn8.2 PS32). Inside the
UKV a 500 m gridlength model has been nested which is 500 × 400 km. This model gets its
inital and boundary data from the UKV and is initialised at 0600 UTC. A 300 × 200 km 200 m
gridlength model has been nested within the boundaries of the 500 m model. This model gets
its inital and boundary data from the 500 m model run and is initialised at 0700 UTC to allow
the 500 m model time to spin up. Finally, a 150 × 100 km 100 m gridlength model has been
nested within the 200 m model. The 100 m model gets its inital and boundary data from the
200 m model run and is initialised at 0900 UTC. All models were integrated forward until 1900
UTC using timesteps of 50 s, 10 s, 6 s and 3 s in the UKV, 500 m, 200 m and 100 m models
respectively.

All the models treat convection explicitly, i.e. without the use of a parameterisation scheme.
The configuration of the 500 m, 200 m and 100 m models is based on the high resolution UM
simulations performed by Hanley et al. (2014) and is very similar to the UKV, but with a few
differences. Unlike the UKV, which has 70 vertical levels, the nested models have 140 vertical



Figure 2: Nested domains used.

levels (corresponding to a spacing of ≈ 75 m at 1 km above ground level compared to 150 m in
the standard 70 level set). Motivation for increasing the number of vertical levels in these models
was provided by early results running with 70 levels where there was a strong tendency for the
precipitation field in the 200 m and 100 m models to have excessive small-scale structure, in
particular banded lines of precipitation (Halliwell et al., 2013). Increasing the vertical resolution
was shown to reduce the amount of small-scale precipitation and eliminate the bands in the
precipitation field, although closer investigation revealed that this was because the vertical
velocity magnitudes were somewhat reduced although the banded structure remained. The
precipitation fields from the 500 m model showed very little change when increasing from 70
to 140 levels, and therefore it can be assumed that using 140 levels in the UKV would have
very little impact on its precipitation, however it may improve other aspects such as fog and
near-surface temperature.

Another difference between the models is the critical relative humidity (RHcrit) profile used
by the cloud scheme. The UM assumes that a grid box contains some cloud when the relative
humidity within the grid box exceeds RHcrit. The UKV uses RHcrit = 0.91 in the lowest few
layers with a gradual decrease to 0.8. On the assumption that there should be less subgrid
variability in humidity in smaller grid boxes, the 500m and 200m models use RHcrit = 0.97
in the lowest few layers, decreasing smoothly to 0.9 at ≈ 3.5 km and the 100m model uses
RHcrit = 0.99 in the lowest few layers, also decreasing smoothly to 0.9 at ≈ 3.5 km.

The final difference worth noting is that the UKV uses the Smagorinsky subgrid mixing
scheme in the horizontal with vertical mixing done by the boundary layer scheme (2D subgrid
turbulence), whereas the higher resolution models apply the subgrid mixing scheme in both the
horizontal and the vertical (3D subgrid turbulence).

4 Cases

There were a total of 17 IOPs during COPE. Table 1 provides a list of the cases and indicates
which have been run with the nested suite.

The remainder of this report provides a first look at the precipitation fields from the nested



IOP Date Facilities Summary Nested suite?

1 4 July BAe 146, radar Test flight in BL No
2 5 July BAe 146, radar Sea breeze, clouds no precipitation Yes
3 10 July KA Wales flight No
4 18 July All Isolated clouds with tops 9 km Yes
5 23 July Radar MCS No
6 25 July All Line of intense warm rain Yes
7 27 July KA, radar West of MCS Yes
8 28 July BAe 146, KA, radar Multiple lines of convection Yes
9 29 July BAe 146, KA, radar Line of convection Yes
10 2 Aug KA, radar Intense line of convection Yes
11 3 Aug BAe 146, KA, radar Persistent line of convection Yes
12 5 Aug Radar Intense line at end of frontal system No
13 6 Aug KA, Radar Weak convection with warm rain Yes
14 7 Aug KA Clouds over Wales with high aerosols No
15 14 Aug KA, radar Clouds poking out of stratus Yes
16 15 Aug KA, radar Line of intense warm rain Yes
17 17 Aug KA, radar Frontal passage No

Table 1: List of COPE IOPs

suite simulations compared with the Met Office radar composite. In all plots rainrates have
been aggregated to the 1.5 km UKV grid.

4.1 Pre-COPE test case

On 26 June 2013 the UKV was forecasting a line of showers to develop along the southwest
peninsula from 1100 UTC, lasting until about 1400 UTC. In reality there was cloud over the
peninsula but no precipitation. It was decided to run this case with the nested suite to see
whether the high resolution models also simulated the line of precipitation.

Fig. 8 shows the instantaneous surface rainrate from the four models compared with the
radar composite at 1200 UTC on 26 June 2013. At this time, the UKV is simulating a line of
precipitation with rainrates exceeding 8 mm hr−1. Decreasing the resolution has the effect of
breaking up the line into smaller cells but it does not remove the precipitation.

4.2 IOP 2

On 5 July 2013 there was high pressure centred over the southern UK (Fig. 4) with south-
weststerly flow over the SW peninsula. During the morning a westerly sea breeze convergence
zone moved across the peninsula. There was cloud associated with the front but no precipita-
tion.

Fig. 5 shows the vertical velocity at 500 m above mean sea level from the four models at
1200 UTC. The UKV shows quite a broad convergence zone with updraughts up to 1.5 m s−1.
As the grid length is reduced the width of the convergence zone decreases and the peak up-
draught velocity increases. The sea breeze convergence zone also becomes less distinct as the
grid length is reduced as the highest resolution models are starting to resolve the boundary
layer over-turning so there is a lot more structure in the vertical velocity field. The sea breeze
convergence zone appears to be lagging behind in the UKV compared to the higher resolution



Figure 3: Surface rainrate in mm hr−1 for 12:00 UTC on 26 June 2013.

Figure 4: Surface pressure analysis for 00 UTC 5 July 2013.

models. There was more low cloud in the morning in the UKV than in the other models (not
shown) which resulted in lower land-surface temperatures and a weaker land-sea contrast. This
may be responsible for the slower sea breeze convergence zone.

Previous work from DYMECS using the high resolution models showed that as the grid
length is reduced, the size of the clouds gets smaller - even in cases where the observed clouds
are large. Two possible reasons for this could be 1) the width and magnitude of updraughts
and downdraghts is wrong in the model or 2) the microphysics parameterisation might not be
suitable at such high resolution. This is a good case to isolate the vertical velocity because there
wasn’t any precipitation (although there was cloud). Hopefully by using all the observations
from this case we can evaluate the vertical velocity in the high resolution models.



Figure 5: Vertical velocity at 500m amsl in m s−1 for 12:00 UTC on 5 July 2013.

4.3 IOP 4

On 18 July 2013 there was high pressure centred over the UK (Fig. 6) with easterly winds over
the SW peninsula. Several isolated clouds developed around lunchtime with tops up to 9 km

Figure 6: Surface pressure analysis for 00 UTC 18 July 2013.

and maximum rainrates of ≈ 16 mm hr−1. These lasted for about three hours.
Fig. 7 shows the domain-averaged rainrate from the four models compared with the Met

Office radar composite. On this day the UKV initiated convection at about the correct time
however the higher resolution models all initiated convection too early. All of the models had
convection lasting too late into the afternoon. The high resolution models all produced far



Figure 7: Domain-averaged rain for 18 July 2013.

more rain than was observed where as the domain-averaged precipitation from the UKV looks
similar to that observed by the radar composite.

Fig. 8 shows the instantaneous surface rainrate from the four models compared with the
radar composite at 1430 UTC on 18 July 2013. All of the models produced precipitating cells

Figure 8: Surface rainrate in mm hr−1 for 14:30 UTC on 18 July 2013.

in approximately the correct location however the size, shape and intensity of the simulated
cells is not correct. The UKV does well at simulating the size and shape of the cells although
the maximum rainrate is too high. As the grid length is reduced the simulated cells are broken
up into many small cells which are generally precipitating too intensely.



4.4 IOP 6

On 25 July 2013 there was a low pressure centre located to the west of the UK with westerly
flow over the SW peninsula (Fig. 9). Scattered convection in the early morning died out for a

Figure 9: Surface pressure analysis for 00 UTC 25 July 2013.

time before a line of storms developed around midday. These moved off to the north-east in
the early afternoon with a further more intense line developing at 1600 UTC and persisting for
almost three hours. Throughout the day convection was strongly capped at the freezing level
(3 km) with precipitation limited to warm-rain processes.

Fig. 10 shows the domain-averaged rainrate from the four models compared with the Met
Office radar composite. As before the UKV best captures the total amount of precipitation for

Figure 10: Domain-averaged rain for 25 July 2013.

this case, although the timing doesn’t agree with the observations, where as the high resolution
models all produce far too much precipitation, particularly during late morning when in reality
there was very little rain. In agreement with the radar the models show convection dying out
by early evening.

Fig. 11 shows the instantaneous surface rainrate from the four models compared with the
radar composite at 1130 UTC on 25 July 2013. At this time the precipitation from scattered
convection in the observations had almost stopped however the models are all producing a line



Figure 11: Surface rainrate in mm hr−1 for 11:30 UTC on 25 July 2013.

of precipitation along the peninsula. As with IOP 4 the size of the cells gets smaller as the
gridlength is reduced with the 200 m and 100 m models producing a lot of very small cells.
Some of these cells are raining very intensely, this is most noticeable in the 500 m model where
there are rainrates in excess of 16mm hr−1.

During the afternoon a line of precipitation developed along the peninsula with rainrates
up to 8mm hr−1. The line first developed at midday, but died out at about 1400 UTC before
redeveloping at 1600 UTC. Fig. 12 shows the instantaneous surface rainrate at 1730 UTC on
25 July 2013. The UKV shows some evidence of showers along the peninsula but does not
really capture the line structure. The higher resolution models do a good job at capturing
the location of the line however it persists from 1130 UTC through to 1800 UTC, missing the
observed decay and reinvigoration. While the high resolution models do a good job at capturing
the location of the line, they have a tendency to break the structure up into lots of small cells.

The surface rainrate plots show that the precipitation in the high resolution models is broken
up into lots of small cells. One question that arises is whether the cloud is also broken up into
small cells. Fig. 13 shows the cloud top height from the four models at 1130 UTC on 25 July
2013 compared with the visible MSG image. The visible MSG image shows that even though
there was no rain in the region at this time (Fig. 11), there was cloud. The UKV shows a
smooth region of low cloud covering most of the peninsula. Compared with the satellite image
the cloud is too smooth and covers too large an area. The higher resolution models do a good
job of simulating cloud in the correct location but unfortunately they seem to rain too easily,
suggesting a problem with the microphysics scheme or insufficient vertical resolution. As with
the surface rainrate, as the grid length is decreased the cloud is also broken up into smaller cells
than seen in the satellite. Possible reasons why the cloud is broken up in the high resolution
models include:

1. the microphysics parameterisation being unsuitable at these resolutions



Figure 12: Surface rainrate in mm hr−1 for 17:30 UTC on 25 July 2013.

Figure 13: Cloud top height in km for 11:30 UTC on 25 July 2013.

2. the subgrid mixing not handling cloud properly

3. the downdraughts between the updraughts may be too strong.



4.5 IOP 7

On 27 July 2013 there was a low pressure centre located to the south west of the UK (Fig. 17).
During the afternoon an MCS moved up from France and crossed the eastern edge of the COPE

Figure 14: Surface pressure analysis for 00 UTC 27 July 2013.

region. From about 1600 UTC a cell develops near Camborne which tracks slowly north-east
and persists for a few hours with rainrates exceeding 8 mm hr−1.

Fig. 15 shows the domain-averaged rainrate for this day. The models all do a good job

Figure 15: Domain-averaged rain for 27 July 2013.

on this day of simulating the timing of convection, with the passing of the MCS through the
region being very well captured even though the intensity of the system is slightly over-done.
The models all simulate the isolated cell that develops later in the afternoon, doing a good job
with timing and location, however the higher resolution models produce too much rain from
this cell.

Fig. 16 shows the surface rainrate at 1700 UTC. In all the models at this time the cell is
slightly too far north-east of the observed location. In the UKV the cell develops slightly later
than in the higher resolution models so at this time it is smaller than observed. In the higher
resolution models the cell initiates earlier than the observed cell, the location of convection
initiation is correct but at this time the cell has already tracked further north-east explaining



Figure 16: Surface rainrate in mm hr−1 for 17:00 UTC on 27 July 2013.

the offset in location seen in Fig. 16. There is too much heavy rain produced by the high
resolution models.

4.6 IOP 8

On 28 July 2013 there was a low pressure centre located in the northern UK with a trough
and weak southerly flow over the SW peninsula (Fig. 17). There was a variety of organised

Figure 17: Surface pressure analysis for 00 UTC 28 July 2013.

convection during the day. In the morning there was an area of scattered showers with tops
up to 3 km which moved north over the Bristol channel. At 1030 UTC there was an indication
of showers developing along N-S orientated lines before a broader E-W orientated area of
precipitation with tops up to 5 km developed during the afternoon.



Fig. 18 shows the domain-averaged rainrate from the models compared with the radar
composite for this day. The UKV initiates convection far too late on this day, missing the

Figure 18: Domain-averaged rain for 28 July 2013.

scattered convection in the morning and the N-S orientated bands. Even when convection does
initiate in the UKV the amount of precipitation is underestimated. In contrast, the higher
resolution models better capture the total amount of precipitation over the domain and the
evolution throughout the day, although the 200 m and 100 m models do over-predict the rainfall
during late morning.

Throughout the day, the models all show a preference for developing showers along roughly
N-S orientated lines. Fig. 19 shows the surface rainrate for 0930 UTC. At this time there
was scattered convection over the region which is entirely missed by the UKV. The higher
resolution models are all simulating SW-NE orientated lines, with the amount of precipitation
increasing with decreasing gridlength. These bands persist throughout the morning and slowly
move towards the north coast. During the early afternoon, when in reality broader areas
of precipitation developed, all of the models produced N-S orientated lines of precipitation
(Fig. 20). At all gridlengths these bands were thinner and longer than the observed bands with
too much heavy rain and not enough light rain. As noted with previous cases, the 200 m and
100 m models have a tendency to break the bands up into cells that are too small. During
the afternoon these bands move slowly north-eastwards in the models as they decay. By late
afternoon the UKV produces a few isolated showers where as the higher resolution models are
still favouring N-S orientated bands. Throughout the day the models tend to produce cells that
are raining too intensely compared to the radar composite, while underestimating the total area
of precipitation. This leads to the higher resolution models producing about the right amount
of domain averaged rain, however the size, shape and intensity of the convective cells on this
day was not well represented.

4.7 IOP 9

On 29 July 2013 there was a low pressure centre located to the north of the UK with south-
westerly flow over the SW peninsula (Fig. 21). An organised convective line developed from
1100 UTC with surface rainrates exceeding 16 mm hr−1. Cells moved from south-west to
north-east throughout the day as the line moved further east. Cloud tops reached 6− 7 km by



Figure 19: Surface rainrate in mm hr−1 for 09:30 UTC on 28 July 2013.

Figure 20: Surface rainrate in mm hr−1 for 14:00 UTC on 28 July 2013.

1300 UTC. During the afternoon the line became less organised, although new cells continued
to develop and propagate towards the north-east.

Fig. 22 shows the domain-averaged rainrate for this day. All of the models do a fairly



Figure 21: Surface pressure analysis for 00 UTC 29 July 2013.

Figure 22: Domain-averaged rain for 29 July 2013.

good job at predicting the amount of precipitation over the domain and the decreasing trend
throughout the day. The high resolution models show signs of over-predicting the convection
before 1000 UTC and the UKV, 500 m and 200 m models also predict too much rain in the
early afternoon. The 100 m model compares best with the radar composite.

The models initially produce a lot of scattered convection that organises into a line at
about the right time (1100 UTC). The structure of the simulated line varies quite a lot with
resolution. For example, Fig. 23 shows the surface rainrate at 1230 UTC. The UKV doesn’t
produce a persistent line of precipitation, instead it simulates isolated cells along a line that
propagate north-eastwards during the day. These cells tend to be quite circular with large
areas of high rainrates (exceeding 32 mm hr−1) and not much lighter rain. The 500 m model
is best at replicating the structure of the line, although it is narrower than the observed line
with too much heavy rain and not enough light rain. The 200 m and 100 m models do show
some evidence of a line of convection, however it is broken up into lots of small cells and the
area covered by the rain is too large, particularly in the 100 m simulation.



Figure 23: Surface rainrate in mm hr−1 for 12:30 UTC on 29 July 2013.

4.8 IOP 10

On 2 August 2013 there was south-westerly flow throughout the day as the COPE area was
affected by a low pressure system centre to the north west of Scotland (Fig. 24). The 00 UTC
chart shows a cold front passing over the region. Cells began to form over the peninsula

Figure 24: Surface pressure analysis for 00 UTC 2 August 2013.

during late morning with a line developing along the north coast from 1300 UTC. During the
afternoon a convergence line began to develop in the south west which grew in width before
the two sections merged to form one line extending across the whole of the COPE domain by
1600 UTC. A particularly intense area of rain (rainrates exceeding 64 mm hr−1) with several
lightning strikes moved from SW to NE across the peninsula after 1700 UTC.

Fig. 25 shows the domain-averaged rainrate for this day. The high resolution models all
initiate convection too early on this day and produce too much precipitation from the line of



Figure 25: Domain-averaged rain for 2 August 2013.

showers along the north coast. The UKV does better with the timing of convection initiation
and the domain averaged rain compares best with the radar composite during the morning
and early afternoon. After 1500 UTC all of the models underestimate the precipitation in the
domain as they failed to capture the wide area of precipitation that moved into the region from
the south-west.

Fig. 26 shows the surface rainrate at 1400 UTC. At this time the UKV is simulating a

Figure 26: Surface rainrate in mm hr−1 for 14:00 UTC on 2 August 2013.

few isolated, circular cells which are raining too intensely. There isn’t much indication of an
organised line of convection as seen in the radar composite. The higher resolution models do



show a line of convection along the north coast. Yet again the 500 m model has the best
structure compared to the radar composite but it simulates too much heavy rain and not
enough light rain. The 200 m and 100 m models also show a line of convection at this time,
however they are both also simulating eroneous lines of precipitation in the north-east of the
domain. These are possibly boundary layer rolls, which may have existed in reality but were
not producing precipitation. The line is more coherent in the 200 m model but it is also too
intense. The 100 m model breaks up the line more into small cells.

The models all missed the line in the south-west which grew in width and combined with
the precipitation in the north (Fig. 27). The UKV continued to produce isolated circular cells

Figure 27: Surface rainrate in mm hr−1 for 16:00 UTC on 2 August 2013.

with some very intense rainrates (exceeding 64 mm hr−1) while the 500 m model maintained
the line of precipitation along the north coast. The 200 m and 100 m models also maintained
the precipitation along the north coast and also produced some precipitation to the south.
However there are still a lot of lines of precipitation in these models which are aligned with
the surface wind (Fig. 28). These lines also have some areas of quite high rainrates (exceeding
8 mm hr−1).

4.9 IOP 11

On 3 August 2013 there was a low pressure system to the north west of Scotland and an
associated trough over the COPE region (Fig. 29). This brought south-westerly flow throughout
the day. During the morning scattered convection developed and was advected over the COPE
region. From 1100 UTC the convection began to organise into a SW-NE orientated line with
cells initiating along it for several hours. Within this line of showers a narrow, intense line
segment developed at about 1330 that persisted for 2 hours and topped about 5 km.

Fig. 30 shows the domain-averaged rainrate for 3 August 2013. The UKV is too late initi-
ating convection on this day, mostly missing the scattered showers that developed and moved



Figure 28: 10 m wind in m s−1 for 16:00 UTC on 2 August 2013.

Figure 29: Surface pressure analysis for 00 UTC 3 August 2013.

across the region and initiating the line of convective showers about 2 hours too late. The peak
domain-averaged rainrate is also too low in the UKV although the decay in precipitation during
the afternoon is well represented. In contrast, the higher resolution models initiate convection
at a similar time to the observations and the evolution throughout the day is well represented,
although the 500 m model does produce too much precipitation in the mid-afternoon.

Fig. 31 shows the surface rainrate at 1330 UTC on this day. The UKV does produce
convective cells that track along the same path as the observed cells however they are much
further apart than in the radar composite and do not merge to form a persistent line segment



Figure 30: Domain-averaged rain for 3 August 2013.

Figure 31: Surface rainrate in mm hr−1 for 13:30 UTC on 3 August 2013.

as in reality. As in previous cases, the cells are very circular with too much intense rain and not
enough lighter rain. The 500 m model produces a more coherent line of precipitation than the
UKV, although it is more broken up than in the radar composite, possibly because it is missing
the areas of lighter rain that connect the areas of more intense rain. It does also capture the
narrow line segment although it is narrower than in the radar composite with a lack of light
rain surrounding the heavier rain. The 200 m and 100 m models also produce precipitation in
a line along the peninsula, however as in previous cases the line structure is broken up into lots
of small cells, some of which have very intense peak rainrates. The narrow line segment is also
captured but again it is broken up into small individual cells.



4.10 IOP 13

On 6 August 2013 there was a low pressure system out to the west of the UK with a ridge
over the COPE region and light winds from the north-west (Fig. 32). Convection was strongly

Figure 32: Surface pressure analysis for 00 UTC 6 August 2013.

capped on this day with shallow clouds reaching up to 3 km. A convergence line developed
along the peninsula at about 1500 UTC which was possibly a sea breeze from the north coast.

Fig. 33 shows the domain-averaged rainrate for 6 August 2013. In reality there was very

Figure 33: Domain-averaged rain for 6 August 2013.

little precipitation on this day. Isolated light precipitation developed throughout the day from
shallow clouds with rainrates rarely exceeding 2 mm hr−1. In contrast, the models all initiate
convective showers in a line along the peninsula. Convection initiates earlier in the higher
resolution models and peaks between 1400 and 1500 UTC with rainrates exceeding 8 mm hr−1

before the showers start to decay. As a result, all of the models are predicting too much rain.
Fig. 34 shows the surface rainrate at 1500 UTC on this day. This shows how the models

developed quite intense showers all along the peninsula when in reality there was only patchy
light rain. As with previous cases, the showers get smaller as the gridlength is reduced with
the UKV producing very circular cells and the higher resolution models breaking these up into
small cells.



Figure 34: Surface rainrate in mm hr−1 for 15:00 UTC on 6 August 2013.

4.11 IOP 15

On 14 August 2013 there was a low pressure system out to the west of the UK with a ridge
of high pressure over the COPE region and south-westerly flow (Fig. 35). During the morning

Figure 35: Surface pressure analysis for 00 UTC 14 August 2013.

a warm front associated with this low passed over the COPE region bringing a broad area of
moderate precipitation. After this had passed through to the east a few more intense showers
developed in the COPE region with a line of convection developing along the south coast during
the afternoon with cloud tops reaching up to 4 km.

Fig. 36 shows the domain-averaged rainrate for this day. As the front moved across the
region the models had a slightly broader area of precipitation than that observed by the radar
composite leading to an overestimate in rainfall total. However, the timing of the front was
well represented. Behind the front, the UKV does best at representing the timing, location and



Figure 36: Domain-averaged rain for 14 August 2013.

intensity of the showers that developed. The higher resolution models do a good job with the
location of the convective cells but they initiate too early and are too intense.

Fig. 37 shows the surface rainrate at 1330 UTC on this day. At this time there was a line

Figure 37: Surface rainrate in mm hr−1 for 13:30 UTC on 14 August 2013.

of convection along the south coast. The location of the line is best represented by the higher
resolution models, with the UKV simulating a line slightly too far north. As with other cases
the cells in the UKV are smoother than those observed where as the higher resolution models
have broken up the line into lots of small cells with some very high rainrates. This problem
gets worse as the grid length is reduced.



4.12 IOP 16

On 15 August 2013 a cold front passed over the COPE region in south-westerly flow (Fig. 38).
A southwest to northeast line of convective showers developed mid-morning just to the south

Figure 38: Surface pressure analysis for 00 UTC 15 August 2013.

of Davidstow. The cells extended up to 3.5 km with rainrates exceeding 16 mm hr−1. During
the afternoon the cells became more isolated although still clearly along a line running SW -
NE. The line itself moved gradually north and persisted until 1500 UTC.

Fig. 39 shows the domain-averaged rainrate for this day. Initially the models had a broad

Figure 39: Domain-averaged rain for 15 August 2013.

area of precipitation in the domain associated with the cold front, this precipitation was less
broad in the radar composite. The convergence line developed soon after 1000 UTC and lasted
until 1500 UTC. The UKV produced a very weak convergence line at this time along the
northern coast and then another slightly more intense line about 1300 UTC. Neither were
intense enough or persisted for long enough. The higher resolution models did a much better
job and all produced a southwest to northeast line of convective showers in roughly the correct
location that persisted until mid-afternoon, although cells in the 500m model were too intense.

Fig. 40 shows the surface rainrate at 1130 UTC on this day. As mentioned above, the UKV
simulated a much smaller and weaker line of showers on this day than was observed. The



Figure 40: Surface rainrate in mm hr−1 for 11:30 UTC on 15 August 2013.

structure and location of the line is best represented by the 500 m model, although the line is
narrower than observed with too high rainrates and not enough light rain. As with the other
cases, the 200 m and 100 m models do capture the line but it is broken up into too many small
cells and the areal extent of the rain is too large.

A similar message has emerged from all these cases: cells in the UKV tend to be too large,
too far apart, with too much heavy rain and not enough light rain. As the grid length is reduced
the cells get smaller and coherent features such as lines of precipitation tend to be broken up
into lots of small cells. The next section will aim to quantify some of these biases.

5 Cell stats

To quantify any systematic errors in the representation of convective precipitation, cell statistics
have been calculated for all 10 COPE precipitation cases run with the nested suite. All cell
statistics have been computed over the region covered by the 100 m domain, with all model data
and radar composite data first aggregated onto the 1.5 km UKV grid. Cells have been identified
in both the model and radar precipitation fields using a rainrate threshold of 1 mm hr−1 and
an area threshold of 9 km2, to avoid including grid point storms from the 1.5 km gridlength
UKV. Precipitation data with a time resolution of 15 minutes have been used to capture cells
through their entire life cycle.

The first statistics computed are the distributions of cell sizes. Fig. 41 shows the distribu-
tion of storm equivalent diameter for the 10 COPE precipitation cases described previously in
Section 4. Comparing the UKV with the radar composite, it is clear that at this gridlength
the model under-predicts the number of small cells. It also underpredicts the number of larger
cells, which is probably a result of missing the organisation of isolated convection into larger
features on some of the days (e.g. 25 July, 2 and 3 August). The higher resolution models also
under-predict the number of larger cells however they over-predict the number of smaller cells,



Figure 41: Distribution of storm equivalent diameter for all 10 COPE precipitation cases run
with the nested suite. Data is every 15 minutes between 09 and 19 UTC.

with the number of small cells increasing as the gridlength is decreased. This agrees with the
surface rainrate plots which showed that the high resolution models tended to break up features
into lots of small cells.

The next statistics computed are rainfall distributions. Fig. 42 shows the distribution of
storm maximum rainrate, again for the 10 COPE precipitation cases. The radar composite

Figure 42: Distribution of storm maximum rainrate for all 10 COPE precipitation cases run
with the nested suite. Data is every 15 minutes between 09 and 19 UTC.

has a peak in the storm maximum rainrate distribution at about 1.5 − 2 mm hr−1, the distri-
bution drops off at higher rainrates with very few cells having maximum rainrates exceeding
50 mm hr−1. In contrast, the models all have peaks in the storm maximum rainrate distribu-
tion that are too high compared with the radar composite and they also produce cells which
have much higher maximum rainrates than those observed. The UKV peak is closest to the
radar, although the shape of the distribution is quite different with not enough cells having low
maximum rainrates and too many cells with high maximum rainrates. The higher resolution



models all have peaks which are shifted further towards higher maximum rainrates and they
don’t have enough cells with low maximum rainrates.

Since the maximum rainrate of a cell only represents a single grid point, Fig. 43 shows the
distribution of storm area-averaged rainrate, again for the 10 COPE precipitation cases. This

Figure 43: Distribution of storm area-averaged rainrate for all 10 COPE precipitation cases
run with the nested suite. Data is every 15 minutes between 09 and 19 UTC.

distribution is similar to the storm maximum rainrate distribution: the models produce too few
cells with low area-averaged rainrates and too many cells with high area-averaged rainrates.
The higher resolution models have a peak shifted too far towards high area-averaged rainrates
where as the peak in the UKV distribution is similar to the observed peak. Both of these rainfall
distributions agree with the surface rainrate plots which showed that the models produce cells
with too much heavy rain and not enough light rain.

6 Sensitivity tests

Using the standard PS32 setup produces a number of errors in the representation of these
convective events, in particular the high resolution models produce too much precipitation and
have a tendency to break up the precipitation features into lots of small cells. Several sensitivity
tests have been undertaken to try and improve the representation of convection in these models.
The 25 July 2013 (IOP 6) convergence line has been chosen for the sensitivity tests as the high
resolution models performed badly both in terms of producing far too much rain and also in
breaking up the line of precipitation into too many small cells.

6.1 Blending scheme

The blending package aims to improve the UM at resolutions where dominant scales are only
partially resolved. The scheme makes a pragmatic smooth transition between the 1D BL
scheme, which should perform well when the model resolution is poor compared to the scale of
boundary layer turbulence, and the 3D Smagorinsky scheme, which has been show to perform
better in a range of convective regimes. This avoids having to make the decision on when to
switch from using the 1D BL scheme to do the vertical mixing (as used in the standard setup
UKV) to instead using the subgrid mixing scheme in the vertical (as used in the high resolution



models in the standard setup). The package also includes a scale-aware shallow convection
scheme.

Fig. 44 shows the domain-averaged large-scale rainrate for 25 July 2013 from the blending
package suite at UM vn8.2 compared with the standard suite. Using the blending package makes

Figure 44: Domain-averaged rain for 25 July 2013 using the blending package (left) and the
standard setup (right).

little difference to the total amount of precipitation produced by the high resolution models.
This is maybe to be expected as the high resolution models should be partially resolving the
boundary layer turbulence so the blending package is having little effect. The blending package
makes the largest difference to the UKV where there is now no simulated large-scale rain.

Fig. 45 shows the large-scale surface rainrate at 1730 UTC on this day from the blending
package suite. The structure of the line in the high resolution models is similar to that in
Fig. 12 with the precipitation being broken up into too many small cells.

6.2 Scale-aware microphysics

The current microphysics scheme in the UM was developed for low resolution models where
turbulent motions are unresolved. As a result, it may not be appropriate at gridlengths of
O(1 km) and less. A new scale-aware microphysics package has been developed for the UM to
improve the representation of warm rain (Boutle et al., 2014). This includes a new autocon-
version and accretion parameterisation, parameterisations of subgrid variability of cloud and
rainwater at different spatial scales and a new raindrop size distribution. This scheme was
tuned using observational data of stratocumulus and has been shown to perform better than
the standard microphysics package in simulations of stratocumulus. Here we are testing it in a
new context.

Fig. 46 shows the domain-averaged rainrate for 25 July 2013 from the suite using the scale-
aware microphysics package compared with the standard suite. Using the scale-aware micro-
physics package leads to a reduction in the domain-averaged precipitation in all the models,
although there is still too much precipitation in the high resolution models compared with the
radar composite. The convergence line that develops in the late afternoon is now much weaker
in the models and the precipitation dies out too soon compared with the radar composite.

Fig. 47 shows the surface rainrate at 1130 UTC on this day from the suite using the scale-
aware microphysics package. At this time there are a lot fewer cells in the high resolution models
when using the scale-aware microphysics package than in the standard suite which had lots of
small cells covering most of the peninsula (Fig. 11). The areal coverage of the precipitation is
similar in all the models, however in the high resolution models the cells are still broken up into



Figure 45: Surface rainrate in mm hr−1 for 17:30 UTC on 25 July 2013 using the blending
package.

Figure 46: Domain-averaged rain for 25 July 2013 using the scale-aware microphysics package
(left) and the standard setup (right).

lots of small cells. Overall, the package seems to have removed a lot of the light rain leaving
some very small, intense cells.

Fig. 48 shows the cloud top height from the four models at 1130 UTC on 25 July 2013 from
the suite using the scale-aware microphysics package. This package has made little difference
to the cloud field when comparing with the standard setup shown in Fig. 13. As mentioned
previously, at this time in reality there was cloud but no rain. Using the standard setup the
high resolution models did a reasonably good job at simulating cloud in the right location but
they were producing too much precipitation. In contrast the scale-aware microphysics package
is able to produce the cloud without producing as much precipitation. However it has not
improved the breaking up of the cells.



Figure 47: Surface rainrate in mm hr−1 for 11:30 UTC on 25 July 2013 using the scale-aware
microphysics package.

Figure 48: Cloud top height in km for 11:30 UTC on 25 July 2013 using the scale-aware
microphysics.

6.3 RHcrit

To test the sensitivity to RHcrit the suite has been run with RHcrit = 0.99 on all levels in all
models.

Fig. 49 shows the domain-averaged rainrate for 25 July 2013 from the suite with RHcrit =



0.99 on all levels compared with the standard suite. Setting RHcrit to 0.99 on all levels has

Figure 49: Domain-averaged rain for 25 July 2013 using RHcrit = 0.99 (left) and the standard
setup (right).

the largest effect on the domain-averaged precipitation from the UKV, where the change in
the RHcrit profile from the standard setup is most different. Increasing RHcrit has led to a
large increase in the domain-averaged precipitation from the UKV, making it look much more
like the higher resolution models. In the higher resolution models, where RHcrit was already
close to 0.99 in the BL, setting RHcrit to 0.99 on all levels has made little difference to the
domain-averaged precipitation.

Fig. 50 shows the surface rainrate at 1130 UTC on this day from the suite using RHcrit =
0.99 on all levels. At this time the higher resolution models look very similar to the standard

Figure 50: Surface rainrate in mm hr−1 for 11:30 UTC on 25 July 2013 using RHcrit = 0.99 on
all levels.



setup shown in Fig. 11, with too much rain compared to the radar composite. The 200m and
100m models still have lots of small cells covering much of the peninsula. The UKV has more
cells than it did in the standard setup, leading to the increase in domain-averaged precipitation.

Fig. 51 shows the cloud top height from the four models at 1130 UTC on 25 July 2013 from
the suite using RHcrit = 0.99 on all levels. As with the surface rainrate, the cloud field in the

Figure 51: Cloud top height in km for 11:30 UTC on 25 July 2013 using RHcrit = 0.99 on all
levels.

high resolution models is largely unchanged by using RHcrit = 0.99 on all levels. The biggest
change is seen in the UKV where the cloud is now more broken up than it was previously
(Fig. 13) as a result of requiring the gridbox-mean RH to be higher before cloud is allowed to
develop. This poses the question: would the high resolution models compare better with the
observations using a lower value of RHcrit?

7 Conclusions

This report has documented the preliminary results from a suite of high resolution nested
models run during the COPE field campaign. The focus has been on the representation of
convective precipitation in these models.

It is widely known that, in general, the 1.5km (UKV) version of the UM tends to produce
convective cells that are too large and intense and there is a delay in the initiation. This
study has shown that for cases of precipitation triggered by convergence along the southwest
peninsula, the UKV tends to produce large circular cells and often misses the organisation into
linear features.

As the gridlength of the model is decreased the timing of the initiation of convection is
improved but the showers continue to get smaller in size and larger in number until there are too
many cells which are much smaller than observed in reality. In the highest resolution models
used here, the convective features (e.g. convergence lines) begin to break up unrealistically.
This has also been seen in simulations of tornadoes in the US when using the UM at such high
resolution. All resolution models underestimate the amount of light rain and produce too much
heavy rain. In general, the 200m and 100m models tend to look more like each other than the



other models due to being in the “turbulence permitting” regime. The 500m model, which is
on the cusp of resolving the boundary layer turbulence, often behaves similar to the UKV but
at other times it exhibits trends similar to the highest resolution models.

A first look at the cloud field for one COPE case showed that the high resolution models
were doing a better job at simulating a realistic cloud field compared to the UKV. One of the
main problems with the high resolution models is that they precipitate too easily, producing
precipitation when in reality there was only cloud. It is possible that increasing the vertical
resolution may help with this problem. By-eye the clouds do appear more broken up in the
highest resolution models than in reality. This could be due to too vigorous downdraughts in
the model, insufficient subgrid mixing smoothing out the cloud or errors in the microphysics
scheme. Further work comparing vertical velocity from the model with observations, increasing
vertical resolution in the highest resolution models and improving the subgrid mixing scheme
should hopefully shed light on these issues.

Preliminary results for one case using different configurations of the UM have also been
reported here. Using the blended boundary layer package made little difference to the high
resolution models, where as in the UKV it removed the small showers entirely. Using the
scale-aware microphyics package did reduce the overly high domain-averaged precipitation in
the high resolution models and it removed a lot of the small cells from the 200m and 100m
models, however the remaining cells tended to be too intense and the lines were still broken
up. Running all the models with RHcrit = 0.99 on all levels also had little impact on the
precipitation and cloud fields in the higher resolution models. In the UKV this reduced the
amount of cloud but increased the total precipitation. Other configurations to test will include
using ENDGame and possibly the 1km gridlength UM.
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