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Comparisons of explicit representation of 
convection in models with gridlengths

 
between 

100m and 4km with observations.

Carol Halliwell*, Humphrey Lean*, Kirsty Hanley*, Thorwald Stein+, Emilie Carter*

* MetOffice@Reading, UK             + University of Reading, UK

Vorführender
Präsentationsnotizen
The problem of convection in the UM

This talk is focussed on the explicit representation of convection in the UM, in higher resolution versions, namely gridlengths of 1.5km and smaller.

Why we choose to represent the convection explicitly and the consequences 
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Outline

•
 

Explicit convection in UM
•

 
Benefits 

•
 

Deficiencies 
•

 
Current & Future research
•

 
Improving convection in UKV

•
 

Higher resolution models
•

 
Use of observations

Vorführender
Präsentationsnotizen
Focussing on explicit convection in the UM
Start off with a bit of history
Give the motivation for representing convection explicitly rather than with a parametrisation
The benefits
The problems
Then describe/outline the current and future work to improve the representation of convection in the UKV and higher resolutions, touching on how we are using observations in this work.
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The Boscastle
 

Flood
 (Cornwall, SW England,

 16th August 2004)

12-18 from 00 UTC
12km

12-18 from 00 UTC
4km

12-18 from 00 UTC
1km

Rainfall accumulations

Vorführender
Präsentationsnotizen
Boscastle flood

Before operational model with gridlength of order 1km …

On 16th August 2004 a quasi-stationary band of thunderstorms persisted along part of the north coast of Cornwall for several hours. This lead to a severe flash flood in the village of Boscastle. 200mm of rain was recorded by a nearby rain gauge. Radar showed accumulations in excess of 70mm in the area. This was a major media event. 

Plots show the rainfall accumulations over 6 hours  in the 12km, 4km and 1km UM
Circle highlights the location of the initiation.
Taking into account the intensity and location of the storm, in this instance the 1km produced the best forecast,
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Snow Showers penetrating inland
24 hour precip

 
accumulation (mm) 25th

 
Nov 2010

1km radar UKV (1.5km) NAE (12km)
Operational  models

Vorführender
Präsentationsnotizen
Look at the 24 hour accumulation of precipitation on this day 

Left shows the radar and what actually happened.  See quite nicely that when the cold air hit the land, there was significant snowfall, which the NAE (right) did not capture (see that the snow stops at the land), whereas the 1km (centre) produced a very good forecast of this event.

That’s a couple of good examples where the UKV is better than the coarser resolution models, but the UKV is not without its problems…
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Vorführender
Präsentationsnotizen
So, 1km UM proved successful in many tests – it was decided to implement and test a variable resolution UM over the UK.  

Here’s the domain

1.5km x 1.5km in the central region, capturing most of the UK. 
Variable region in here increasing to 4km in this region.
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Convection in the UKV

UKV RADAR

•
 

At 1.5 km grid length, convection is still under-resolved.

•
 

Individual cells are often too large, too far apart, with too much 
heavy rain and a lack of light rain.

Precipitation rates (mm/hr) on 14 UTC on 25th August 2012
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Average cell diameter (km)
 (averaged over 22 convective cases)

Threshold 
(mm/hr)

Radar UKV

0.125 7.81 16.04

0.25 6.32 13.21

0.5 5.58 11.71

1.0 4.42 9.93

2.0 3.28 7.95

4.0 2.57 5.96

16.0 2.13 3.37

(Emilie Carter)

Vorführender
Präsentationsnotizen
So, we can see by eye that the cells are too big but if we look at the average cell diameter in the radar and the UKV over 22 convective cases, we see that applying different thresholds to the rain field – for every threshold (except the highest), the cells in the UKV are more than double the size of that seen in the radar data.   

Shows that the cells are too big compared with radar

Also, you can see that you don’t have to go to too high a threshold to see that, with a gridlength of 1.5km, the cells aren’t going to be resolved.
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1500m PS27 − 4383 storms
1500m PS31 − 4903 storms
Nimrod − 5427 storms

Kirsty Hanley

Vorführender
Präsentationsnotizen
This result is also shown here in a plot of storm diameter against number of storms – this time for one case in April last year.

Black is the NIMROD radar data and blue in the version of the UKV which the 22 cases were run with.  
Shows there are not enough small storms 

So, there are obviously changes that can be made to the UKV which may influence this result

Current version of the UKV, includes various changes to the microphysics (reduced ice fall speed).  Results shown in red here. Still not enough smaller storms and now, maybe 
Too many big cells.
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Current research

•
 

UKV (1.5km) performs reasonably well
•

 
Better than coarser resolution

•
 

Not perfect

•
 

To improve UKV forecasts we need to understand the model 
better 

•
 

Higher resolution models (gridlength
 

< 1.5km)

•
 

Improve UKV –
 

understand model better
•

 
How the model performs at higher resolution

•
 

Use of observations
•

 
DYMECS

•
 

Constrain
•

 
COPE
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HRTM 100m Configuration

(Emilie Carter)

Vorführender
Präsentationsnotizen
Centred over Chilbolton radar because we have use of the observations collected during the DYMECS project
500m, 200m and 100m have 140 levels, others have 70 levels.  Top of model about 40km

Higher resolution models have 140 levels – shown to improve results (not shown here)

A nested suite with larger domains has been run but this nested suite of smaller domains allows us to do statistical analysis on ground of similar cases.
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Differences between models

UKV 500m 200m 100m

Vertical 
levels

70 140 140 140

timestep 50s 10s 6s 3s

RH crit 0.91 
smoothed to 
0.8

0.97 
smoothed to 
0.9

0.97 
smoothed to 
0.9

0.99 
smoothed to 
0.9

Stable 
boundary 
layer mixing 
scheme

SHARPEST 
over sea; 
MES tails 
over land

SHARPEST 
function
(RiSc)

SHARPEST 
function
(RiSc)

SHARPEST 
function
(RiSc)

Subgrid 
turbulence 
scheme

2D 3D 3D 3D

Vorführender
Präsentationsnotizen
Timestep – smaller for higher resolutions – capture the faster processes.
RH crit – relative humidity at which condensation occurs
3D Smag – essentially increases the mixing in the vertical
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Analysis

•
 

How does the model perform as the gridlength
 

decreases?

•
 

What are the problems?

•
 

How can we best utilise observations?

•

 

NIMROD radar
•

 

DYMECS
•

 

Statistical evaluation of the properties of convective cells over 40 cases using 
data obtained using the Chilbolton

 

RADAR. 
•

 

Constrain
•

 

cold-air outbreaks off the North West coast of Scotland.
•

 

COPE (Summer 2013)
•

 

following the life cycle of individual clouds or clouds at different stages of 
development along SW Peninsula convergence lines.

Vorführender
Präsentationsnotizen
The COPE (previously MICROSCOPE) project is scheduled to take place over the SW of the UK in summer 2013. It will involve detailed airborne in-situ measurements of cloud microphysical properties and associated aerosol properties, radar measurements of reflectivity and Doppler winds, as well as numerous supporting data, following the life cycle of individual clouds or clouds at different stages of development along SW Penninsula convergence lines.

The Constrain field campaign, which took place in January 2010, aimed to improve theability of the Met Office Unified Model (UM) to model a range of cloud microphysicalprocesses by studying cold-air outbreaks off the North West coast of Scotland. Data wascollected with the UK 2019s BAe-146-301 atmospheric research aircraft (FAAM BAe-146) and the operational radar network was configured to retrieve additional scans andso provide additional data for the experiment.

Track storms in real time and automatically scan Chilbolton radar.

Derive properties of hundreds of storms on ~40 days:
Vertical velocity, 3D structure,Rain & hail,Ice water content,TKE & dissipation rate

Evaluate these properties in Met Office UM varying:
Resolution, Parameters in the microphysics scheme,Parameters in the sub-grid turbulence scheme
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2.2km 1.5km

200m 100m 1km RADAR

500m4km

Precipitation rate (20th

 
April 2012)

Vorführender
Präsentationsnotizen
Rainrate for the various resolutions 
100mm domain

By eye, the 100m looks a lot like the 200m, certainly more than the 500m looks like the 200m. 

Main change if from 2D to 3D Smag from 1.5km to 500m but largest change looks like it’s from 500m to 200m
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w spectra
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---
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---100m

Vorführender
Präsentationsnotizen
However, looking at the spectra.  This is averaged over 8 cases and a few hours and over the levels here. 
Wavenumber on x-axis and energy multiplied by the wavenumber in y-axis to highlight the peak.

Ana
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Average number of cells

Vorführender
Präsentationsnotizen
Look at some cell statistics
Remember that the UKV showed that the convective cells were too large and  intense and there were not enough light rain

If we look at the average number of cells for different rainrate thresholds over 8 (April shower) cases.  We can see that for the 1.5km (green), there are not enough cells for any of the thresholds.
As the resolution increases, we see that there are still not enough of the lighter rain but increasing number of higher thresholds so by 200m and 100m models, there is significantly too much intense rain
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Effective diameter of cell

Vorführender
Präsentationsnotizen
Look at the effective diameter of the cells (calculate the area of the cells and define the effective diameter of the cell as the diameter of a circle with the same area)

See here that for every threshold the cells are too large.

So
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Average area covered



© Crown copyright   Met Office

---  1.5km
---

 
500m

---
 

200m
---100m

Aggregated onto 200m grid Aggregated onto 500m grid

Aggregated onto 1.5km grid

Upward 
explicit 
mass flux
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How can we improve representation of 
convection in UKV (and higher 
resolutions)?

•
 

Understand the model better
•

 
Compare model with observations

•
 

Can we adapt the existing model?
•

 
Are there missing processes?

•
 

How can we optimise the model representation 
of convection?

Vorführender
Präsentationsnotizen
We need to understand what the model is doing, the scales which it can resolve 
What the model is doing right
What it’s not
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Change in mixing length

cs=0.2

λ=300m

500m 200m 100m RADAR

1.5km

(Emilie Carter)

500m 200m 100m

Vorführender
Präsentationsnotizen
So here we have the precipitation rates for the 1.5km, 500m, 200, 100m and the radar. 

UM has Smagorinsky-Lilly-type subgrid turbulence scheme – can be run in 2D or 3D. 

The mixing length used in the subgrid turbulence scheme is l = 0.2 x grid length at all resolutions.

There is uncertainty in the value of l.

Increasing l, increases the subgrid mixing, smoothes fields and can reduce the number of small cells.

If we keep the mixing length parameter constant then if the gridlength decreases, so does the mixing length. 

We can keep the mixing length constant by changing the mixing length parameter and this is shown in the lower plot where the mixing length is the same as that in the 1.5km model
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Domain averaged precipitation

Kirsty Hanley

Scattered showers Larger-scale convection
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Storm effective diameter vs. 
number of storms

Scattered showers Larger-scale convection

Kirsty Hanley

Vorführender
Präsentationsnotizen

The UKV and 500m-model have been run with a mixing length of 300m, 100m and 40m over a set of larger domains .

The mixing length plays a key role in determining the number of small storms.
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3D structure –
 

20th
 

April 2012

OBS UKV 500m 200m

10-60%

70-90%

90-100%

(Thorwald Stein)

Vorführender
Präsentationsnotizen
3D structure – for scattered shower case

Plots show effective diameter for a number of storms from the obs, UKV, 500m and 200m (on larger domains).  

Coloured lines are for different reflectivities
Black – outline of cloud
Red – light rain
Blue – heavier, convective rain

Storms split up by height of cloud

Conclusions: 
For the April case the cloud is too wide at the lowest two reflectivities for all stormsizes but has too little of the highest reflectivities in the centre. Increasing resolutionimproves the comparison with radar for the lowest two reflectivities although the 200m model reduces to somewhat too small diameters. 
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Summary
•

 
On average, the UKV is better than the coarser resolution 
models at forecasting convection

•

 

It represents convection explicitly.
•

 

It’s not perfect
•

 

e.g. the model does not correctly reproduce the observed 
sizes of the convective cells.

•
 

To improve the representation of convection, we need to 
understand the model better.

•
 

We have started experimenting with versions of the UM with 
gridlengths

 
down to 100m for representing convection.

•

 

We have some indications that the 100m and 200m models are 
more similar to each other .

•

 

The behaviour of the models is very sensitive to the subgrid

 

mixing 
scheme. 

•
 

We want to make use of the available observations.
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Future work

•
 

Future observational work
•

 
Use of the 3D radar scans (Thorwald Stein)

•
 

Calculate vertical velocities from the Chilbolton
 

3D 
scans (Jon Nicol). 

•
 

More detailed analysis of the cell statistics. 

•
 

Future modelling work 
•

 
Aim to optimise the model representation of the 
convection at all resolutions including work on the 
subgrid

 
mixing and microphysics.

•
 

Shallow convection scheme?
•

 
Stochastic backscatter?
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Questions?
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UKV –
 

1.5km grid length,   
70 vertical levels, 
2D subgrid turbulence scheme,
BL mixing in vertical.

500m model –
 

500x425 km, 
140 vertical levels, 
3D subgrid turbulence scheme.

200m model –
 

300x225 km, 
140 vertical levels, 
3D subgrid turbulence scheme.

Set of nested models.

Model setup –
 

UM vn7.8



© Crown copyright   Met Office

Parametrised
Resolved
Total

1.5km 500m

200m 100m

Heat fluxes
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Forecaster’s view

•
 

Can suffer from generating diurnal convective storms too late and 
when it does they can be too large/intense.

•
 

Produces showers that are too few, widely spaced and too 
large/intense, particularly on days when showers should be 
intense but small. 

•
 

Can over-estimate rain rates and, hence, accumulations in 
modestly deep instability where the instability extends above the 
freezing level. This may be due to the mixed phase processes 
being overly active. 

•
 

Can generate excessive diurnal Cu/Sc (and associated light 
showers) over land when forecast profiles show deep (150mb) 
mixed layer and only very shallow Cu when LFC is reached. 
Linked to UKV trying to resolve cloud at the lower limit of its 
resolution.

Vorführender
Präsentationsnotizen
Problems not just in the cases that we have looked at – seen on a day-to-day basis by forecasters
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Delay in initiation

Radar
4km

1.5km
500m

14th April 2008

(Humphrey Lean)

Vorführender
Präsentationsnotizen
Firstly, the initiation of convection can be delayed, as shown here in this graph of area average rainrate 
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(Smagorinsky) subgrid
 turbulence scheme in UM

•
 

Diffusion coefficients  

•
 

(2D) Replace horizontal diffusion coefficients with variable  
•

 
(3D) Replace vertical (local BL scheme) coefficients. 
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2.2km 1.5km

200m 100m 1km RADAR

500m4km



© Crown copyright   Met Office

DYMECS

•
 

Collaborative project between the University of Reading and 
MetOffice@Reading. 
•

 
(Robin Hogan, Bob Plant, Thorwald Stein, Kirsty Hanley, Jon Nicol, 
Humphrey Lean, Carol Halliwell, (Emilie Carter))

•
 

Data collected mostly over summer 2012 
•

 
data analysis continuing until the end of 2013.

•
 

The key concept is statistical evaluation of the properties of 
convective cells over 40 cases using data obtained using the 
Chilbolton

 
RADAR. 

•
 

Track convective cells using Nimrod radar data 
•

 
steer the Chilbolton

 
radar to scan one or more cells of interest.

•
 

The data gathered can be used to 
•

 
derive macrophysical

 
properties (cell size and cloud topheight)

•
 

microphysical properties (rain rate, mean drop size, hail intensity and 
cloud icewater

 
content) 

•
 

dynamical properties (turbulent kinetic energy and where possible 
thevertical

 
velocity and momentum flux), 

•
 

all as a function of the time into the cell lifecycle.
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“UKV”
 

1.5km UK Model convection
1.5km model Radar

15 UTC 12th

 April 2012

•Convective cells too large and too intense. 
•Not enough light rain.
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Scale selective Skill Scores
 (Nigel Roberts*)

0.5mm/hr     75km sampling radius

*Roberts and Lean MWR (2008) 136 78-97
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Scale selective Skill Scores

4.0mm/hr    75km sampling radius
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1500m PS27 − 2799 storms
1500m PS31 − 4262 storms
Nimrod − 5828 storms

Kirsty Hanley
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