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a Your Experts in Weather Data Processing.

GERY

« Weather service provider

« Specialized on industrial weather forecasts, high-
resolution local weather models and data
distribution

 |Located in Berlin & St. Gallen

« 20-25 employees with strong backgrounds in
physics, mathematics and computer sciences

« Over 10 years of experience, customers in various
sectors



Meteomatics AG

Company backbone: Bespoke solutions: High-resolution weather modeling:
- Model mix - Wind power - Better PBL data

- Model data - Solar power - Improve fog & storm forecasts
- Station data - Hydro power - Customized solutions

- Satellite data - Snow drift

- Ocean data -

- Soil data

- Derived parameters
- Astronomical parameters



Numerical Weather Prediction = Big Data!

ECMWF IFS, IFS-ENS, 150 GB
Seasonal
. . NCEP GFS, NAM, Ens. 90 GB
With 4d-grids we end
up |mmed|ate|y Env. Canada GEM 100 GB
in the Big Data universe! UK MetOffice ~ UKMO, EURO4 40 GB
' WRF SWISS1k 150 GB

Satellite, Radar



Meteo Cache Framework

Joint Enterprise Storage ca. 1 PB Weather AP
API & Cache: Data format:
e XML, JSON, CSV, NetCDF,...

INUX
[ |
M M Temporal resolution:
| 5min-60min.
)

[ Switch

Performance:

|
| ]
External Sources: > 10.000 queries per second*
ca. 2TB per day
I Coverage:

“Global weather data”

[ Load B:alancer ]

*) depending on query type

DNS:
»=api.meteomatics.com®



Industrial, scalable APIs

Weather forecast data through an API:

HTTPS request:
https://api.meteomatics.com/2018-06 04T00:00:00ZP2D:PT3H/t 2m:C/47.41,9.34/xml

JSON-Response: XML-Response:

{ <meteomatics-api-response version="3.0">

"version":"3.0", <user>meteomatics-mapserver</user>

"user": "meteomatics-mapserver", <dateGenerated>2018-06-04T20:00:03Z</dateGenerated>

"dateGenerated":"2018-06-04720:00:422", <status>OK</status>

"status":"0K", <data>

"data": | <parameter name="t_2m:C">

{ <location lat="47.4122" lon="9.34065">

"parameter”:"t_2m:C", <value date="2018-06-04T00:00:00Z">16.9</value>
"coordinates”: [ <value date="2018-06-04T03:00:00Z">15.4</value>

{

{ <value date="2018-06-04T06:00:00Z">17.3</value>

"lat":47.4122, <value date="2018-06-04T09:00:00Z">21.4</value>
“lon*":9.34665, <value date="2018-06-04T12:00:00%">23.8</value>
dates”: <value date="2018-06-04T15:00:00Z">25.2</value>

{

<value date="2018-06-04T18:00:00Z">20.8</value>
<value date="2018-06-04T21:00:00Z">17.6</value>
<value date="2018-06-05T00:00:00Z2">17.3</value>
=2 <value date="2018-06-05T03:00:00z2">17.1</value>
<value date="2018-06-05T06:00:00Z2">17.6</value>
<value date="2018-06-05T09:00:002">21.9</value>

"date":"2018-06-04T00:00:00Z",
"value":16.9

"date":"2018-06-04703:00:00Z",

), ke <value date="2018-06-05T12:00:00%">24.7</value>
{ <value date="2018-06-05T15:00:00zZ">25.3</value>

"date":"2018-06-04T06:00:002" <value date="2018-06-05T18:00:00Z">23.4</value>

"value":17.3 <value date="2018-06-05T21:00:002">19.7</value>
1 <value date="2018-06-06T00:00:002">18.5</value>
{ </location>

"date":"2018-06-04709:00:002", </parameter>

</data>

</meteomatics-api-response>



https://api.meteomatics.com/2018-06-04T00:00:00ZP2D:PT3H/t_2m:C/47.412164,9.340652/html

Weather API: Connectors
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IS o Calibri STRRCIY WA = ) S Zeilenumbruch Zahl
Ein F AU - H-A- EET EE 5 Vebinden und zentri @ 00 | V58 v
B10 v fe =TEMPERATUR(A10;50,4;10)
 Python, Excel, Java, C C#
)/ y ’ y 4_4_1 :
A | B C D
. - . 1 Start_date [ 20.03.2016 11:00
* Flexible & fast integration o
3 |
° H 'Sto r Cal C rre nt & .I:O recast d ata 4 |variable |Temperatur [°C] Globalstrahlung [J/m?] PARAMETER
| | u 5
1 6 Lat 50,40 50,40 50,40
- 7 Lon | 10,00 10,70 10,70
 Radar, satellite, model data... ; |
9 validdate
10 20.03.2016 HZOOI 3.90' 5978068,50 16,3
11 20.03.2016 11:25: 4,20 6373172,10 16,8
12 20.03.2016 11:50 4,40 6676474,00 17,2
13 20.03.2016 l?:]"). 4,50 6883042,60 17,3
14 20.03.2016 12:40. 4,50 6989616,40 17,2
15 20.03.2016 13!05. 4,60 6994516,20 17,1

meteomatics_weather_api api
datetime dt

username "max’

password 'mustermann'

lat 47.11

lon 11.47

startdate dt.datetime.utcnow().replace(hour=0, minute=0, second=0, microsecond=0)
enddate startdate + dt.timedelta(days-1)

interval dt.timedelta(hours=1)
parameters ['air_temperature', 'relative_humidity', 'precipitation_amount_3h"', 'wind_speed', 'wind_from_direction']

df = api.query_time_series(lat, lon,startdate,enddate, interval,parameters, username, password)




Applications: Wind power analysis

Analysis of new/potential portfolios. Deal or no deal?
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@ Start Einfligen Seitenlayout Formeln Daten Uberpriifen Ansicht Entwicklertools (] @ o ER
/_j .:|J .fll‘.\akrjj aufzchrf. \35;:.; E__BJ? —>_\,’—"l’ L'-‘:’X .'_&]“Eigenschaf.ten E o . _:ﬁ][mp-:nrtieren
— ERe\atlve Aufzeichnung b Wk — QJ Code anzeigen &= Erweiterungspakete !
Visual Makros . Add-Ins COM-  Einfdgen Entwurfsmodus . . Quelle Dokument-
Basic A Makrosicherh, Add-Ins - # Dialogfeld ausfihren ¥ bereich
Code Add-Ins Ste mente ML Andern
B9 - fe | ge_energy_1_5sl A
A B Cc D H F el =1 1 1=
1 Feste Werte: 50,923/10,456/-bonus_b200C 50,923 10,456 bonus_b2000_2000 100 I Turbine model: ge I =
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3 End Datum: 29.09.2016 02:00 Intervall (min): 15
4 Standort 1 2 |
5 Lat 48,2569 "50,797725
6 Lon 7,800 '8,9219342
7 altiv aktiv
& Name Standort: Standort #1 Standort #2
9 Turbine model: e _energy 1 5sl | - stas_v117 3300
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1523 16.09.2016 17:30:00 213,000 277,000 16.09.2016 17:30:00
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Weather API: Connectors
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4 strsplit.m O  plot_backtest_wip.m 0 plot_mos_backtest.m O read_load_data.m ©  compute_load_forecast.m o
8 - lon_rechts = -77;
9
10 - lat_px=300; L N Figure 2
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" 20
Y 21 - for i=l:length(parameter)
adar, satellite, model data... : -
] ) . 23 - par=parameter{i};
24 - data=domain_gquery meteocache(model,datum,par,lat_
25 - lat = linspace(lat_oben,lat_unten,lat_px); 20
26 - lon = linspace(lon_links,lon_rechts,lon_px);
27 - [lonlon,latlat|=meshgrid(lon,lat);
28
29 - figure, 15
30 - title([ ' Par ter: par 1 orig_datum], 'inte
31 - worldmap([lat_unten lat_oben],[lon_links lon_rech
32 - surfm(latlat,lonlon,data), 10
33
34 - if(stremp(par, 'rx :
35 - caxis([0 6)),colorba s
36 - end
‘an® RStudic 1 ic')
Q- e - Al Adding = B Project: Mione) = 15 ) 0
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7 password = " "
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9 startdate IsOdatetime(year - 2016, month - @1, day - @1, hour - 8@, min - 8@, sec - @9, tz uTcC .
12 enddate <- ISOdatetime(year = 2016, month = G2, day = 81, hour = B2, min = B89, sec = 89, tz = "UTC" cnames) ;
11 interval <- "PTIH"
12 porometers <- “oir_tempercture”
13
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15 #Pri ate
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17 %
18 g
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Weather API: data for arbitrary locations

= [} Global Forecasts x ' G psttime - Google-Suche

< C  ® demo.meteomatics.com/global-forecasts
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Weather API: 15 days ensemble data

ECMWF Ensemble forecast to analyze upcoming trends: 15days
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Weather API: ECMWEF 46 days ensemble data

Daily mean values: 2m Temperature
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Weather API: Seasonal Forecasts for 7-months

Temperature [°C]

Snow Depth [cm]

Ensemble prediction 7 months: Hamburg
Daily mean values: 2m Temperature

—— Median 40-60 % Quantile Climatological Mean
e  Median minimum 25-75 % Quantile Climatological Minimum
20 ¢ Median maximum Max/Min —— Climatological Maximum

10 . = -l':/l__-l-l-'-l-l.-.-
T ...0000.‘..°o.oo' ) — : ...-_;_..-’.l‘--.a e 22a
e T
0 ’.‘..,"".,,.-..-.9.._—, =
-10
-20
01.12 01.01 01.02 01.03 01.04 01.05 01.06
Ensemble prediction 7 months: Hamburg
o Daily mean values: Snow Depth
—— Median 25-75 % Quantile Max/Min
14 40-60 % Quantile
12
10
8
6
4
2
0 - e
01.12 01.01 01.02 01.03 01.04 01.05 01.06



On the fly down-scaling: improving data insights!

GFS 0.25° = ca. 20-25km ECMWEF 0.1° = ca. 8-10km

-_gg

.

UK MetOffice ca. 4km Weather API 90m(!)




Upper air level data for arbitrary locations

C  ® demo.meteomatics.com/flugwetter/
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Our experience in AgriCulture

Agriculture parameters: epagrarheute 7°C Romoos
) DeW-IndeX’ Rime-lnd_ex WETTER FUR ROMOOS (6113) ¢ B3 v v
* Leaf wetness, Guttation

* Growing Degree Days (Basis 10°C)

i WETTERUBERSICHT waTeR)
* Phytophthora Negativ Forecast
* Soil temperature 5/15/50/150 cm ' ' ' | '
« Evaporation, Evapotranspiration = : -
* Frost, soil te_mperature, Frost warning 2oc  ac | 12°c | 16°c | 13°C | 12°C | 11°C
° Grassland f”'e |ndex ot Bl eremiain | | o aewan oL sonn LECHTBEWOLKT | BEWOLK
. Palmer Drought Index s it 2 b s & o e
* Moisture Stress index o [l Rl Rl B Bl el Rt
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§ Meteomatics - G2 ciders  Kidtwr= <2016 2 c©
o -x

Dienstag 25.10. Mittwoch 26,10 Donnerstag 27.10. Freitag 28.10.




Maritime Data available today from our API

Maritime Parameters

« wave height (mean/max)
« wave direction

» wave period

» direction of total swell
 direction of wind waves
« wave period 1st moment
« wave period 2nd moment
» period of total swell

» period of wind waves
 direction of first swell
 direction of second swell
 direction of third swell
 drift (speed & direction)




Applications: Solar Power Forecasts

(i) Take historical data from your sites

(i)  Calibrate/train your model with historical
model and panel data

=> for a model of your choice from API o

(iif) Apply your regression coefficients to any
future model run

Prognose von 10.10.2016 21:30 Uhr
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Applications: Wind Power Forecasts

Mix the forecast of the different models!

25
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5 |
e—e Zaehlwert : J
v—v Day-Ahead Prognose
0

‘\b- \D.
o> 10 oL 10
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‘ Wind farm (nRMSE):
0‘519\’& 0957'0\} (\g‘ﬂQ\h 00610\b K > 00%100' 00"10\&‘ Intrad ay < 3%
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Applications: Hydro Power Forecasts

Feeding API data
Into hydro power
codes.

radar & precip data
radiation
evaporation
temperature

U

HYDRO

EA

URNER POWER

20



Applications: Forecasts for your own station data

Build your own ,MOS"/model:

n-nossener-bruecke ete 24
(generated at 2016-10-11 052) il

Temperature Error MAE Intraday/Day Ahead: 0.8°C-1.0°C.



Applications: Filling gaps in time series

HindCast & fill missing data:

« ECMWEF ERA Interim model data reach back till 1979.
« ECMWEF IFS data reach back till 2014*
e GFS, UK MetOffice....

Functionality of AntiGap

Your Data: e.g.

: Weather }
Reanalysis Models Obs.
E ¥ 18 ﬂ
H— - —

| Full
Time series |

u or
: Power N
Time Output ﬁ%

or similar

*) can be extended




Applications: Real-time Lightning Forecasts
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Our Weather-API supports also WMS: Google Earth

[ ] @ Google Earth

¥ Suchen

Beispiel: Gasometer, 46047 Oberhausen
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Integration into GoogleMaps
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Integration into ESRI and QGIS

NEHAIVNANS

ArcGIS ArcGIS Pro



Integration into ESRI (ArcGIS)

Multi-Layer representation for a transmission system operator (TSO):

* Cloud layer (satellite images), radar images, lightning data
« Historical & actual data and nowcasting 2hours ahead, weather model data even up to 10 days

« Overlay with power line network

+




Radar, hail & lightning data ( WMS/WES layer)

For insurances it is highly important to get precise data on

teau
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Radar, hail & lightning data (WMS/WES layer)
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Real-time satellite images
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Computing the weather code (ww) on-the-fly from radar data
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Meteorological Maps on Arbitrary Models & Domains

ECMWF~IFS: Valid: 00ZO5SMAR2017
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Integration into Customized Products

Homepage weather
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Calendar integration into ical & iphone:
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Workshop

« User: ecmwf-workshop , PW: ecmwf2018

 API online documentation:
https://api.meteomatics.com

« Demo-Tool:
https://wms.meteomatics.com



https://api.meteomatics.com/
https://wms.meteomatics.com/
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