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Perspective.  Imagination.
Key ingredients for happy users?

Using ECMWF Forecasts meeting 2018
Isla Finney
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Outline

• UEF 2018 tagline ECMWF model outputs: the only limit is your imagination
• Ensemble forecasts aim to explore 

• initial condition error 
• and model error

using perturbations at initialisation + stochastic perturbations during evolution
• Operationally, see structural model error again and again

• Winter 2017/2018 and the stratosphere
• April 2018 European ‘heatwave’

• Users continue to express uneasiness with ensemble construction
• Observations from EC45 day ensembles

• So, given a blank sheet, 
can we imagine an ensemble construction which would satisfy users?

• Coffee break challenge
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Winter 2017/2018
• Stratosphere a strong 

influence
• Operationally, noticed changes 

in forecasts every time zonal 
wind decreased

• 5d zonal wind forecast good
• 10d forecast suffers lag, but 

reasonable
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Winter 2017/2018
• Stratosphere a strong 

influence
• Operationally, noticed changes 

in forecasts every time zonal 
wind decreased

• 5d zonal wind forecast good
• 10d forecast suffers lag, but 

reasonable... 
• ...and verification lies within 

10d ensemble spread
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Winter Berlin T2m forecast:10 d

• 5d forecast ok (not shown)
• 10d forecast not great!  Bias to shift back warm through late Feb and late Mar
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Winter Berlin T2m forecast:10 d

• Verification lies within ensemble spread, but this is large
• And little correlation between spread and skill (r2 ~ 0.25)
• Where is breakdown in forecast skill?  Is it stratospheric/tropospheric coupling?
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‘Drip map’, 00z analysis
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‘Drip map’, 5d forecast error
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-0.184 -0.103 -0.083 -0.076 -0.19 -0 .228 -0.23 9 -0.483 -0.472 -0.235 -0.128 -0.1 63 -0.29 -0 .411 -0 .46 -0.59 -0 .4 52 -0.405 -0.468 -0 .313 -0.03 6 -0.033 0.043 0.056 -0 .014 -0.0 39 -0.002 -0.05 -0.065 -0.028 0.0 48 0.059 0.109 0 .037 -0.009 -0.023 -0.093 -0.146 -0.181 -0.102 -0.098 -0.11 -0 .22 -0.306 -0.328 -0.29 6 -0.249 -0.151 -0.132 -0.134 -0.1 69 -0.082 -0.021 0 .024 -0.033 -0.0 41 -0.071 -0.051 -0 .012 0.02 8 0.083 -0.359 -0.315 -0.061 -0.2 69 -0.087 -0.18 -0.155 -0.098 0.036 -0.155 -0.074 -0 .092 -0.157 -0.121 -0.118 -0.174 -0.153 -0.137 -0.13 2 -0.165 -0.208 -0.237 -0.252 -0.27 5 -0.291 -0.28 -0.248 -0.221 -0.1 75 -0.132 -0.12 -0 .117 -0.13 1 -0.145 -0.147 -0.123 -0 .135 -0.12 7 -0.111 -0.11 -0 .11 -0.117 -0.1 27 -0.15 -0.172 -0 .189 -0.224 -0.246 -0.247 -0.263 -0 .261 -0.24 -0.228 -0.239 -0.235 -0.243 -0.243 -0.24 5 -0.234 -0.21 -0.184 -0.179 -0.1 83 -0.188 -0.206 -0.193 -0.194 -0.2 09 -0.257 -0.246 -0 .252 -0.32 9 -0.443 -0.483 -0.487 -0.502 -0.4 94 -0.491 -0.456 -0.433 -0.4 -0 .432 -0.44 -0.438 -0 .454

0.025 0.034 0 .104 0.087 -0.04 -0 .077 -0.027 -0.16 -0 .223 -0.151 -0.071 -0.001 0.011 -0.083 -0.116 -0.235 -0.15 -0.081 -0.063 -0.01 0.112 0.032 0 .127 0.10 7 0.0 33 8E-04 0.018 -0.027 -0.02 4 0.013 0.052 0.085 0.123 0.0 52 0.034 0.025 -0 .018 -0.021 -0.037 -0.02 -0.044 -0 .075 -0.09 7 -0.144 -0.147 -0.178 -0.144 -0.065 -0.082 -0.106 -0.093 -0.03 0.054 0.077 0.05 0.005 -0.075 -0.041 0.0 07 0.042 0.163 -0 .286 -0.34 1 -0.086 -0.274 -0.067 -0.165 -0.1 62 -0.054 0.074 -0.117 -0.057 -0.0 96 -0.176 -0.121 -0 .098 -0.136 -0.122 -0.107 -0.101 -0.134 -0.193 -0.23 -0 .234 -0.237 -0.256 -0.251 -0.231 -0.215 -0.18 -0.135 -0.12 -0 .116 -0.127 -0.13 -0.126 -0.103 -0.1 18 -0.11 -0.099 -0 .099 -0.10 5 -0.103 -0.107 -0.127 -0.137 -0.1 53 -0.183 -0.196 -0.196 -0.214 -0.2 12 -0.201 -0.192 -0 .195 -0.18 8 -0.188 -0.196 -0.2 -0.193 -0.175 -0.154 -0.148 -0.139 -0.143 -0.165 -0.142 -0.132 -0.143 -0.176 -0.176 -0.1 77 -0.223 -0.291 -0 .309 -0.31 7 -0.317 -0.319 -0.317 -0.3 -0.27 4 -0.256 -0.296 -0.284 -0.285 -0.2 92

0.04 0.048 0.11 0.059 -0.046 -0.066 0.003 -0.071 -0.146 -0.12 5 -0.078 0.024 0.038 -0.014 -0.034 -0.13 -0 .083 -0.021 0.036 0.0 44 0.116 0.035 0 .131 0.11 5 0.0 45 0.011 0.019 -0 .026 -0.01 6 0.014 0.04 0.082 0.122 0.0 44 0.028 0.031 0 .002 0.005 -0.006 -0.003 -0.038 -0 .089 -0.08 -0.088 -0.086 -0.135 -0.098 -0.04 -0.058 -0.096 -0.065 -0.033 0.038 0.0 67 0.06 0.011 -0.055 -0.03 0.0 17 0.029 0.164 -0.22 -0.29 8 -0.113 -0.24 -0 .02 -0.111 -0.1 39 -0.054 0.087 -0.067 -0.002 -0.0 65 -0.142 -0.102 -0 .076 -0.115 -0.106 -0.094 -0.077 -0.111 -0.172 -0.213 -0.207 -0.214 -0.232 -0.229 -0.222 -0.208 -0.173 -0.129 -0.118 -0.1 12 -0.124 -0.124 -0.115 -0.0 9 -0 .1 08 -0.1 -0.093 -0 .095 -0.10 6 -0.102 -0.103 -0.119 -0.129 -0.1 45 -0.173 -0.175 -0.176 -0.195 -0.1 89 -0.184 -0.177 -0 .182 -0.174 -0.169 -0.181 -0.187 -0.184 -0.173 -0.15 2 -0.147 -0.13 -0.133 -0.156 -0.13 -0.116 -0.126 -0.153 -0.153 -0.1 56 -0.188 -0.232 -0 .247 -0.25 3 -0.243 -0.247 -0.252 -0 .246 -0.2 3 -0.21 -0 .252 -0.233 -0.23 -0 .2 32
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Small errors in stratosphere, and a negative bias.
Larger errors in troposphere, which seem to impact entire column and be somewhat random 
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‘Drip map’, 10d forecast error
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-0.09 0.528 0.9 11 0.642 0.34 1.0 65 1.227 0.409 0.9 19 0.993 0.341 -0.5 31 -0.795 -1.18 -1.646 -1.295 -0.595 -0.749 -0.647 -0.21 0.53 0.571 1 .11 1.468 0.747 -0 .285 0.217 0.475 0 .068 0.124 0.415 0 .176 -0.071 0.336 0 .851 1.172 1.11 3 0.203 -0.234 -1.1 3 -2.589 -3.924 -3.12 8 -1.817 -1.15 -0 .5 66 0.234 0.975 1.0 49 0.622 0.523 0.034 -0.866 -0.605 -0.215 0.066 1.107 1.785 2.459 1.737 0.68 0.435 1.546 0.443 0.138 0.572 0.463 -0.213 -1.244 -1.348 -1.615 -0.987 -1.471 -0.592 1.044 0.422 -0.179 -0.767 -1.013 -1.83 7 -1.777 -1.905 -1.3 9 -1.582 -1.005 0.30 2 1.357 1.387 1.82 9 1.222 1.139 1.241 0.829 0.177 0.153 -0.15 -0.085 -0.365 -0.233 0.077 0.425 0.681 1.138 1.107 0.78 1.164 1.365 0.642 -0.467 -1.286 -1.3 61 -1.947 -1.896 -1.335 -1.131 -0.958 -0.623 0.544 1.7 2.233 1.753 1.561 0.648 -0.009 -8E-04 0.375 0.185 0.08 0.301 -0.181 -0.007 -0.038 0.108 0 .408 1.005 1.171 0 .935 0.764 0.302 -0.422 -0.712
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Significant errors in stratosphere late Dec through March.
Questionable whether validation lies within ensemble spread (not checked)
Here errors in troposphere do look like they might originate in stratosphere 
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Winter 2017/18 stratosphere

• 5 day forecasts reasonable
• Drip maps suggest main source of error arises in troposphere

• 10 day forecasts poor for T2m
• Berlin T2m temperature forecast biased warm during key periods
• Drip maps suggest significant stratospheric error of similar magnitude to actual signal

• Possible some ensembles capture the correct behaviour, but looks unlikely
• Any ECMWF insights?  Nothing on known IFS issues webpage.

[Note from post seminar: yes, and Stratospheric Task Force report just published]

• What are ensemble expectations?
Are stochastic perturbations during evolution enough?
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April 20-22nd European ‘heatwave’

Source: GFS data from NOAA via tropicaltidbits.com
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Success: a measure defined by the user

• ECMWF tweet suggests the forecast 
was a success

• T2m maybe, but multivariate?
• … a bust for energy customers

(renewables incorrect) 

• … and for farmers in Oxfordshire
(drying wind not captured, and critical)
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Forecasts for T2m daily average for FR

Forecast Range (°C) Warmest pertbn

EC monthly init April 2nd 6.0 - 18.5 #32

EC monthly init April 9th 10.0 – 18.0 #12

EC00z ens init April 16th 15.5 – 19.0 #6
#38 close (18.5) and picks up 

warmth in UK better

Actual: April 21st 19.8
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‘Best’ z500 forecasts for April 21st 12z,
initialised April 2nd & April 9th 00z

Source: ECMWF data plotted using Panoply

Temperature may be reasonable, but 
wind, solar, rainfall?
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z500 forecasts for April 21st 12z,
initialised April 16th, 00z 

Source: ECMWF data plotted using Panoply
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Sensitivities

Location of low key.
Further south => cold scenario, 
low dominates over Scandi
Further north (actual) => warm as 
ridge Morocco builds

Strength of low key
Low needs to weaken (=> shift north)
if low off of Iberian Peninsula is to form 
and intensify heat
Errors at play: US storms 
and final stratospheric warming

Source: ECMWF data plotted using Panoply

High builds => colder set up
Low in mid-Atlantic stronger => 
warm set up sooner
Actual pattern in-between balance
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Model error: 
‘bridges’ indicate alternative routes!

Source: Isla Finney, Google
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Spread and flow
• At present, spread is very flow dependent.  Not surprising

• z500 over Europe, 7/7/17 – 31/3/2018 (all c43r3), 00z cycle only
• 10d and 30d ensemble spread correlated (by initialisation date), r2=0.7
• Average shift in ensemble mean at a given validation time

from 10d to 7d forecast is 37% the average (10d) ensemble spread
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Ensemble construction now

• Initialisation (data assimilation and perturbations) at t=0
• Good data assimilation key: Panasonic/AirDat Real time 4dVAR results
• SV perturbations good for sampling sensitivity in initial flow

• Stochastic perturbations throughout the evolution 
• SPPT look to address under-resolved processes in parameterisations

• Excludes boundary layer
• Not dependent on current synoptic pattern

• SKEB... Turned off in c45r1

• SPPT not enough to explore the alternatives when we reach a ‘bridge’.  
Believe spread/flow issues, jumpiness, ensemble slave behaviour to op are all 
manifestations of not sufficiently exploring model error.
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Ensemble construction evolution: 
adaptive scheme at all time steps?

• Adds perturbations when required, not only at initialisation
• Make a list of top 10 (or 3, or 5...) processes known to be modelled 

imperfectly 
• Or ‘bridges’ where the model repeatedly fails to see the alternative routes
• May include 

• certain regime transitions (e.g. Laura Ferranti’s work)
• convective processes (input from ETH Zurich collaboration?) 
• stratospheric processes or strat->trop coupling
• ... (numerous contenders, with expertise often already existing within ECMWF)

• Add additional perturbations as required at each ‘bridge’ e.g. day 3, 5, 8...
• The only limit (should be) your imagination.
• Not only ensemble size vs model resolution!  
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Key points

• User requirements are multivariate
and traditional statistics can give a poor performance summary

• Feedback from users to ECMWF is good.  
Two – way communication is better.

• Imagination is required for the next significant step in NWP.
Here is only one idea.  What other ideas are out there?
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Coffee break challenge

• Easy to catch up with familiar faces
 Tends to alienate newcomers...
... and the many of us who find joining an existing conversation awkward

• With a little effort, it can be an opportunity to network
 Insight into different fields with potential for new ideas and cross-pollination
 Grows and nutures our community

The challenge
• Either speak to someone you don’t know
• Or actively draw into your group/conversation someone standing alone
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Disclaimer
Whilst this document has been composed with reasonable care by Lake Street Consulting Ltd, some of the 

material contained herein has been prepared as an example. Whilst the contents herein have been composed 
with reasonable care by Lake Street Consulting Ltd, forecast data used in the construction of this presentation 

are subject to uncertainty and contingencies outside our control.
Forecast data changes, sometimes rapidly.

We do not make any representation or warranty, express or implied, as to the accuracy or completeness of 
the information contained herein
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