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Overview

Review the efforts made by ECMWF to address feedback and requests from users of ECMWF
forecasts and data over the last year

» Forecast performance — more extensive verification on www, more on surface

» New forecast output fields:
— four cloud and freezing diagnostics,
— new direct-beam solar radiation diagnostic, revised sunshine duration diagnostic
— extended set of ocean wave forecast parameters

 New web Charts catalogue, additions to ecCharts

- Earlier delivery of the medium-range ensemble forecasts

Lo
i’ ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS



Forecast performance 792

* 6 headline scores
— HRES and ENS upper-air skill
— HRES and ENS precipitation

Evaluation of ECMWEF forecasts,
including the 2016 resolution
upgrade

— Severe weather: TC position and EFI for extreme wind

T. Haiden, M. Janousek, J. Bidlot,
L. Ferranti, F. Prates, F. Vitart,
P. Bauer and D.S. Richardson

« Comparison with reference systems

« Comparison with other centres

« Evaluation for severe weather

« Additional verification and in-depth diagnostics
_ December 2016
« See ECMWF web site for latest results

www.ecmwf.int/en/forecasts/quality-our-forecasts

This paper has not been published and should be regarded as an Internal e port fram ECMW

Permission to quote from it should be obtained from the ECMWT
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m European Centre for Medium-Range Weather Forecasts
— Europdisches Zentrum fir mittelfristige Wettervorhersage
w Centre européen pour les prévisions météorologiques a moyen
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http://www.ecmwf.int/en/forecasts/quality-our-forecasts

Verification — more scores on Www

All 6 headline scores, including TC position
(6-monthly) and wind speed EFI ROC (3-
monthly)

TIGGE-based model intercomparison: binned
spread-skill, T850 CRPSS, etc; updated 3-
monthly

ENS surface verification

Wave forecast ENS verification

Headline scores

Lead time of ACC Lead time of CRPSS  Lead time of CRPSS Lead time of 1-
reaching a threshold  of T850 reachinga  of 24h precipitation SEEPS of 24-h

Verification of high-resolution forecasts

\

Anomaly correlation  Lead time of ACC Verification of the Lead time of ACC
of ECMWF 500hPa reaching multiple high-resolution reaching a threshold

Verification of ensemble forecasts

oy 1
)
Brier skill score of Cost loss ratio ROC skill score of EFI  Reliability diagrams
weather parameters diagrams for for weather

Comparison of verification scores to other centres

Monthly WMO Manthly WMO Monthly WMO Verification of other
scores over Europe  scores over Extra- scores over Tropics centres (MSL

Wave products comparison against in-situ data and analysis

i . 1\
|
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Ocean waves and Annual scores for Comparison with Timeseries of
10m wind waves and wind other operational statistics for wave
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ROC skill score of Errors of tropical
Extreme Forecast cyclone forecasts

Lead time of 1-
SEEPS of 24-h

& &
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Verification of other  Spread reliability
centres (upper air) diagram for ENS

Skill scores of ENS
forecasts of ocean



TAC Subgroup on verification measures 2016-17

» Technical Advisory Committee review

» propose two additional ENS headline scores:

8 T T T T T T T
— frequency of large 2 m temperature errors as —_ Extra-tropics

measured by the Continuous Ranked Probability —— Europe
Score (CRPS) exceeding a given threshold

~J
T

— skill in predicting weekly means of 2-m
temperature anomalies as measured by the
Ranked Probability Skill Score applied to terciles
or higher quantiles

[o2]
T

 Recommend to include the routine evaluation of
additional (non-headline) scores, such as for
precipitation and 10-m wind speed in the
extended range

Percentage of large errors (CRPS>5K)

B
T

3 | | | | | | 1 1 1 1 |
« Recommend the use of ERAS as a reference 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

. Year
forecastlng system
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Severe event catalogue

https://software.ecmwf.int/wiki/display/FCST/Severe+Event+Catalogue

201702 - Rainfall - California 201701 - Cold spell, snowfall -

Europe

201701 - Rainfall - Thailand

A major storm was responsible for the floods
in California on 17-19 February (strong winds
were reported as well). This was not the first
event of the season and California has been
battered by anomalous wet weather. The
week before more than 150K people were
forced to abandon their homes due to a
problem with a crack in Lake Oroville's dam as
a result of excessive water. The anomalous
wet season came after several years of
drought conditions in California.

In the beginning of January severe
and unseasonal rainfall hit southern
Thailand, with daily rainfall reaching
above 600 mm (5 January) for the
worst station. At least 21 people have
been killed due to the rain.

During the first week of January the
north-eastern central and south-
eastern part of Europe was hit by a
cold spell resulting in temperatures
below 40C in Sweden and Finland
and temperatures below 30C far
down on the continent. In
connection, many countries in
southern and south-eastern Europe
(e.g ltaly, Greece and Turkey) were
hit by severe snowfall.

Featured

Read more . . .

Read more . . .
Read more . . .
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201607 - Rainfall - China

201607 - Tropical cyclone - Nepartak
201608 - Rainfall - Louisiana US
201608 - Rainfall Macedonia (FYROM)
201609 - Heatwave - Western Europe
201609 - Tropical Cyclone - Hermine
201609 - Tropical Cyclone - Matthew
201609 - Windstorm - Australia
201611 - Rainfall - SE Europe

201611 - Rainfall - Southern Europe
201611 - Rainfall - Valencia Spain
201611 - Snowfall - Stockholm
201611 - Windstorm - Angus

201612 - Cold spell - US

201612 - Rainfall - S Spain

201612 - Windstorm - Barbara / Conor / Urd
201701 - Cold spell, snowfall - Europe
201701 - Rainfall - Thailand

201701 - Windstorm - Egon

201702 - Heatwave - Australia
201702 - Rainfall - California

201702 - Windstorm - Doris

201703 - Rainfall - Peru

201703 - Snowrfall - US eastcoast
201703 - Windstorm - Zeus

201704 - Cold Spell - Europe

201704 - Convection -US



Known forecasting issues

c ECMWF Spaces ~

E o

Pages / Forecast User Home o

Calendars Create s

. - £2

Known IFS forecasting issues

Created by Timothy Hewson, last modified on Mar 16, 2017

Please note that numbering/ordering does net indicate/imply any sort of priority. Recent entries/changes/updates are shown in green.
can be relevant when examining archived forecasts.

Topic [ title
2m Temperature

T1. 2m
temperature in the
presence of
inversions

T2. City
temperatures too
low

T4. Meteogram
temperature issues
in complex
topography

Description

In common with all models, 2m temperature forecasts from the IFS tend to have much larger errors, on average,
during low level inversion situations, which are particularly common at high latitudes in winter. The basic physical
explanation is that a set change in atmospheric energy content has a much larger impact on screen temperature in
inversion situations than in unstable situations, because the energy change is commuted through a much smaller
depth of the atmosphere (e.g. metres rather than kilometres). The lower the inversion, the larger is the potential error.
There is also sensitivity here to the method we use to interpolate between air temperature at the lowest model level
(~10m) and skin temperature (2m temperature is a diagnostic, not direct model output).

Due to the urban heat island effect not being represented, screen temperatures in large urban areas, particularly cities,

are commonly too low compared to observations. The problem can be accentuated in winter by snow cover.

In addition to the normal problems of representing screen temperatures in complex topography in current-generation
global models, the user should be aware that the method by which screen temperatures on Meteograms are
generated from model screen temperatures assumes a standard lapse rate (6.5°C drop per km increase in altitude),
and so if the difference in height between the site chosen, and the nearest model gridpoint (as shown in the ENSgram
title) is large, the scope for large errors/biases increases. This is especially true in winter-time when inversions are
more common: by definition an inversion implies a temperature increase with height, not a decrease, so the

temperature correction applied could even be in the wrong direction. This issue is compounded by 2m Temperature
iIssue T1 above.

vy Save for later

<@ Watch [ Share

means no longer current, but these issues

Related activities

'Urban tiles' to be introduced in land
surface scheme in due course.

Improvements due to radiation code
‘fixes' were introduced with cycle 41R2
in March 2016. In example cases the
impact of these changes has been very
positive. More substantial radiation code
changes are likely in the longer term.

Resolution upgrade in March 2016
(41R2) has helped. Re-calibration
project should help even more.

https://software.ecmwf.int/wiki/display/FCST/Known+IFS+forecasting+issues
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https://software.ecmwf.int/wiki/display/FCST/Severe+Event+Catalogue

Diagnostics

Diagnostic tools are continuously reviewed and developed:
— EDA variance budgets

— EFI for water vapour transport

— Regime transitions

— Error tracking

— Review of diagnostics work and associated tools

The aim is to improve ECMWF'’s abilities to access process-level information for diagnostic studies:
— More spatio-temporal decomposition of forecast variances and errors
— Maintenance and use of non-assimilated/independent data sources

— External collaboration (e.g. with ETH Zurich on the role of “warm conveyor-belts” in the development of
downstream forecast error).

JORVANN
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ECMWEF forecast products

Summarise information in HRES and ENS
Represent uncertainty

Broad-scale evolution out to 15 days
Changes in weather regime

Highlight potential for severe weather few
days ahead

Monthly and seasonal outlooks

To assist operational forecasters (in Member
States)

Users generate their own tailored products
for specific applications

AN
- ECMWF EUROPEAN CENTRE FOR MEDIUM-RANGE WEATHER FORECASTS

Ensemble

Mean and

Ensemble
Spread

ropica
Cyclone
Strike
Probability
Maps

Alternative
scenarios -
Clusters

o2
individual
forecasts

feature of event

tracking

EXEETE
EORECASE
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New freezing level outputs (November 2016)

* Height of zero-degree wet-bulb temperature

» Height of one-degree wet-bulb temperature

Surface
(=model orography)

Blue lines show wet bulb temperature profiles, in different scenarios
n = number of levels at which Tw drops below zero when scanning upwards

Stored value = h, where h = height above model orography, or lake/sea (in metres)
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New cloud outputs (November 2016)

* Height of convective cloud top (HCCT)

Sunday 23 October 2016 00 UTC ecmf t+12 VT:Sunday 23 October 2016 12 UTC surface Height of convective cloud top Sunday 23 October 2016 00 UTC ECMWF HCCT-CBH VT: Sunday 23 October 2016 12 UTC
0 1000 2000 3000 4000 5000 6000 8000 10000 12000 14000 16000 22000 0 1000 2000 3000 4000 5000 6000 8000 10000 12000 14000 _ 16000 __ 22000

170"W160°W1 50°W140"W1 30°W1 20°W1 10"W100*W 90°W 80°W 70°W 60'W S0°W 40°W 30°W 20°W 10°W 0°E 10°E 20°E 30'E 40°E S0°E 60°E 70'E 80°E 90°E 100 130°E 140°E 150°E 160°E 170°E

—T—
T 1 | —— —

40N
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oN
10°S

20°S
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170°W160°W1 50°W140°W1 30°W1 20°W1 10°W100°W 90°W 80°W 70°W 60°W S0°W 40°W 30°W 20°W 10°W 0°E 10°E 20°E 30°E 40°E S0°E 60°E 70°E 80°E 90°E 100°E110°E 120°E 130°E 140°E 150°E 160°E 170°E

Convective cloud top (m above ground) Cloud depth: HCCT - cloud base height (m)

1 — Shallow convection, 2 — DMC, 3 — Mid-level convection
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Ceiling (November 2016)

» Celling: height in metres (m), above the level of the model orography, of the base of the lowest
cloud layer covering more than 50% of the sky (more than 4 oktas). This follows the definition of
Ceiling used in aviation (ICAO), except that we also represent situations of >6000 m (~20000 ft).

Wednesday 09 November 2016 00 UTC ecmf t+12 VT:Wednesday 09 November 2016 12 UTC surface Ceiling

o 50 100 200 300 600 1000 1500 2000 2500 3000 6000 10000 22000

80w 0w “0w 20w 0'E 20°E 0°E 60'E 80°E 100°E 120°€ 140°E 160°E

180°W  140°W  120°W  100°W

Ceiling (>50% cover)
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Wednesday 09 November 2016 00 UTC ecmf t+12 VT:Wednesday 09 November 2016 12 UTC surface Cloud base height

o 50 100 200 300 600 1000 1500 2000 2500 3000 6000 10000 22000

[ ]

Cloud base height (>1% cover)
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New solar radiation outputs (November 2016)

Desert Rock, 22-24 Feb 2014

-12007‘d:vactl(FD\‘R|““|‘“l‘“‘I L v by v

)
ct bearn (FDIR/cos(SZA)

* New direct-beam solar radiation diagnostic

* Revised sunshine duration (to match WMO
specification)

[a]
* What else do you need?
Desert Rock, 10-12 Feb 2014
1200 Il mvsm‘(FDl‘R] | Il Il Il I 1 J Il J Il Il Il J Il Il I Il Il
1000 ;iggz;;::‘;m%“‘m’ ;
goo 4 -
E 600 &
= ] B
400 — —
200 = jpowmt [ -
. B
0.0 0.5
[b]

Figure 2: Hourly instantaneous surface solar radiation at the SURFRAD station of Desert Rock, Nevada for a) three
clear sky days and b) three days with mixed sky conditions. Dashed lines for model values, full lines for observations.
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New ocean wave outputs (November 2016)

« The magnitude and direction of the wave energy flux that is responsible for the impact of the waves on
coastlines and offshore structures

& ECMWF

Tuesday 27 October 2015 18 UTC ecmf t+0 VT:Tuesday 27 October 2015 18 UTC meanSea Wave experimental parameter 1
Tuesday 27 October 2015 18 UTC ecmf t+0 VT Tuesday 27 October 2015 18 UTC meanSea Wave experimental parameter 1/Wave experimental parameter 2
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New ocean wave outputs (November 2016)

« Significant wave height of all waves in six different
period ranges to help with the detection of low
frequency wave energy

180-hour initialised at 00 UTC on 2 December 2016
 significant wave height for all waves (contours)
 significant wave height for all waves with periods
between 21 and 25 seconds (shading)
Highest significant wave heights are confined to the
storm location (south of Iceland) but long waves from that
storm are already affecting coastlines from lberia to
South Greenland

V o
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News on forecast products — forecast user portal

cECMWF Spaces -

Calendars

Create v

v % Forecast User g

@ Pages
Blog
SPACE SHORTCUTS
Forecast charts
Forecast evaluation
Catalogue real-time products
PAGE TREE
Chart dashboard
Calibration
Dealing with Enquiries - add "mofu” as a new Zin

Severe Event Catalogue

Pages / Forecast User Home of' # Edit 7 Save for later © Watching 2 Share .

Forecast products - news and changes

Created by David Richardson, last modified on Dec 22, 2016

MNew model output parameters are usually introduced with the implementation of new model cycles. Details are provided on the information pages for each cycle .

Additional changes to the forecast products (for example new charts, or new post-processed outputs such as the Extreme Forecast Index) can be made at other times.

Recent changes are listed below.

¢ [FS cycle 43r1, 22 November 2016. New model output fields for HRES and ENS comprise four cloud and freezing diagnostics (for aviation), and a new direct-beam solar
radiation diagnostic. In addition, eight new wave model output fields are provided. Additional information about some of these parameters is available below:
* 43r1 new parameters: Height of zero-degree (and one-degree) wet-bulb temperature
* 43r1 new parameters: Height of convective cloud top
e 43r1 new parameters: Ceiling
* Simulated satellite data 18 March 2016.
o [FS cycle 41r2, 8 March 2016. New model output fields for HRES and ENS include accumulated freezing rain accumulation, CAPE-shear, and significant wave height of
all waves with period larger than 10s.
+ EFlfor forecasting Severe Convection. 18 November 2015.
« Tropical cyclone tracks in BUFR (including genesis). 10 November 2015
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Visibility — revised July 2017 (43r3)

* New aerosol seasonally varying climatology based on CAMS aerosol re-analysis including
dependence on relative humidity in 43r3

 Visibility clear sky calculation uses the new aerosol and will vary with relative humidity

Visibility (km): CAMS without aerosol hydration

— — — —

Example snapshot of visibililty using:

(@) current Tegen aerosol climatology (43rl),

(b) new CAMS aerosol climatology with no hydration

(c) new CAMS aerosol climatology with hydration (43r3)

Latitude (°)

Visibility (km): Tegen

Latitude (°)

Longitude (°)

Latitude (°)

V o 25_5
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ecCharts

 Display HRES and ENS together

« Customisation:
— Show/hide, add/remove layers

— Probability thresholds, percentiles

.....

= wwwwr |

"‘q'ih'l :,-«W ‘m

g \
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New products in ecCharts

ecCharts products are
updated on a regular basis Cloud ceiling

2m mean temperature computed over
user selected time periods

e Do nersprEmTEE eeer The lBan 6 Rour

amtemperature -

i o i el e ' g

M-climate

Coilinal il [Padige -850} -

JApply
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Medium range Extended range Long range

The charts catalogue

Up to 10/15 days ahead Up to 32 days ahead Up to 13 months ahead

Overview Overview Overview
Forecast charts Forecast charts Forecast charts

0«1 \ Verification Verification Verification

ENS meteograms

ENS meteograms for WMO
d o“ member states
e“‘e Tropical cyclones

p\e«\ Extra-tropical cyclones

Monitoring of the

observing system Additional charts
NEW! Welcome to our new Charts catalogue. S T . o
o ST SN
. i R S
In this version: .
* we have merged our charts in a single catalogue that can be browsed through facets. Statistical information onthe 1 roanalysis
. . quality and availability of the
* we have reviewed the medium range charts: observing system EUROSIP Muiti-model system
- charts are generated from native data resolution. Availability
- high resolution charts are made available based on ECMWF dissemination schedule. Satellite data monitoring
- we have increased their size and prepared more geographical domains. Conv_fnt.ional data
monitoring
- with a single click you can now access the meteograms at any point. : ;
Data automatic checking
Monitoring of GUAN stations
We hope you enjoy it, and we welcome your feedback.

o~
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Earlier delivery of ENS

7 March 2017: ECMWEF started disseminating medium-range ENS 40 minutes earlier

* 15-day ENS from 0000 UTC analysis available at 0800 UTC.

 aa )
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Dissemination schedule

©Expand all @ Collapse all
Real-time data are pushed to users' servers on the schedule shown below. If you need to re-
transmit files login to ECPDS.

P Set |- Atmospheric Model high resolution 10-day forecast (HRES)

P Set Il - Ocean Wave Model high resolution - Analysis and 10-day Forecast (HRES-WAM & HRES-
SAW)

w Set Il - Atmospheric Model low resolution 15-day forecast (ENS)

(dissemination data stream indicator = E)

NEW! New Schedule valid from 7 March 2017

Time Time
12 UTC based Forecast time  Available 00 UTC based Forecast time  available
Forecast Day 0 19:00 Forecast Day 0 07:00
Forecast Day 10 19:40 Forecast Day 10 07:40
Forecast Day 15 20:00 Forecast Day 15 08:00
Derived products Step 0 to 240 19:41 Derived products Step 0 to 240 07:41
Derived products Step 246to  20:01 Derived products Step 246to  08:01
360 360

21



Observation monitoring

* Routine monitoring of all available observations
— Provide valuable feedback to data providers and other NWP centres
— Assess model developments and highlight analysis issues

— Safeguard the analysis from poor-quality observations

— Improve observations usage I 3487

N = Bl - - | 33.18

- T I =, o T = [ : 31.49

J— .':_ --.-.—_ N . . ; -- - 1--|. - . S : e .."" g;&i

 Automatic alarm system SR ,L*-_:-;-u’m-irf--;..;_ i 5 L hsen Boae
» Participating in the modernisation of WMO'’s IV ?"“‘H‘* ®=oA ?ﬂ,h; | Tose
. . . . N Y b i e BN b /4 . S W i, oy B Y
monitoring, and contributing to the WMO s g o ESPRCRINNOR s W (e ol
Integrated Global Observing System (WIGOS)  ws e 0000 Gl emfisan s ot
- : e, o o e e Ay e

* Contributing to EUMETNET’s Obs. Programme  «s:3 ,.__-f.n_-ﬁ.ﬂ;é.“g;._;*iuaw-- R ‘?f“-::,rf'ﬁ_'_ia;ﬁ-i e S‘ié

* Supporting the migration to BUFR WOW W SW  @W %W 0 WE G WF  0E 160

* NEW: monitoring of ocean data Mean potential temperature (in °C) of the first 5 metres of the

ocean as measured by Argo floats over the period 1 February
2017 to 27 March 2017.
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Working with users to improve performance and products

* Annual meeting Using ECMWF’s Forecasts (UEF) for all users of ECMWF forecasts
 Liaison visits by ECMWEF staff to Member and Co-operating States

* Annual reports from Member and Co-operating States on “The application and verification of
ECMWEF'’s forecast products”

» Forecast user portal (severe event catalogue, known issues)

« Real-time feedback from operational forecasters 297

Use and Verification of
ECMWF products in
Member and Co-operating
States (2016)

Tim Hewson

Forecast Department

February 2017
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