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nowcAsting
A toolbox for developing fog ML models
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nowcAsting NWC SAF toolbox

The toolbox is proposing NWC SAF cloud products along with METAR reports to develop fog howcasting
ML models. Satellite radiances are also accessible for EUMETSAT registered users.

The users can develop, train and reuse their models for a particular airport.

The objective is to exploit the information coming from satellite, along with METAR reports, to nowcast fog
some hours in the future

¢
Idi howcAsting
£

g Atoolbox for developing fog nowcasting ML
models

https://gitlab.eumetsat.int/eumetlab/weather/nowcasting



https://gitlab.eumetsat.int/eumetlab/weather/nowcasting.git
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nowcAsting is available on EUMETLab.

The toolbox is released with a capacity-building approach under the umbrella of the EUMETSATS’
EUMETLab. You can clone it from:

https://gitlab.eumetsat.int/eumetlab/weather/nowcasting.qgit

=) | % EUMETIab - Gitlab X |+ v — X
< C QO B nhttps;//gitlab.eumetsat.int/eumetlab X 80% 1Y 0 5O =
& CF @ Inspira M nwesaF P FUSION Q! Upcoming Appointme... Q: Copernicus Publicatio... G EUMETSAT - Product ... ':_ Los 9 mejores modelo... i Login - TRANSICION -... == Area del cliente: Acceso L’:‘ Portafirmas AL AEGI »> [ Otros marcadores
~
@ Explore Signin = Register
D Q, Search or go to... B EUMETlab
Group

El EUMETlab e

|B eumeTian

Manage Welcome to EUMETLab! This page contains groups of code repositories that have been made open to the public by EUMETSAT and our collaborators.
B Plan If you have any questions or feedback, please get in touch through ops@eumetsat.int
<[> Code
Subgroups and projects Shared projects Inactive
@ Deploy
® Operate O Q || Name v | T=
Atmosphcre i3] o a
>z o® 0 3 3
& A s and training for working with atmospheric data from EUMETSAT and the Copernicus Programme. *0 03 883
> g0 ¢ Clmate & e o 21 Qo B3
Tools and training for working with climate data from EUMETSAT and the Copernicus Programme
s s, (o Cross-Cutting Tools @ . 0 03 82
Tools for working with multiple sourc satellite data and across different thematics - = -
> %« D DataServices & Se0 Q12 B85
> ¢ L LisensorData & o0 Q1 B82
. Oceans & o a
» O % 2 0 3
°® O Training and tools for working with ocean data from EUMETSAT and the Copernicus programme. * 2 ED 0 83
Tools and tra g for working with weather data from EUMETSAT and the Copernicus Programme
> % W weather-labs & 0 Q2 881
@ N nowcAsting & * 0 6 days ago

https://aitlab.eumetsat.int/eumetliab/weather/nowcasting v
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nowcAsting is released under MIT License.

The nowcAsting targeted user are Machine Learning practitioners, Academia and NMS. These
communities are encouraged to fork the project, give feedback and contribute.
The nowcAstling toolbox is in the format of a Jupyter notebook collection.

=) | % EUMETIab / Weather / nowcAs X —+ v = X
&« C O E] https://gitlab.eumetsat.int/eumetlab/weather/nowcasting ?@ ﬂ? o ﬂ =
& CF @ Inspira M nwesar P FUSION %’ Upcoming Appointme... Q: Copernicus Publicatio... G EUMETSAT - Product ... Los 9 mejores modelo... # Login - TRANSICION -... = Area del cliente: Acceso f:‘ Portafirmas > [ Otros marcadores
~

¥ Explore Sign in Register
0 Q, Search or go to... B FUMETIab | Weather / nowcAsting
Project

N nowcAsting @ % Star | 0

I N nowcAsting

88 Manage % main v nowcasting History Find file Projectinformation

B Plan
AVE ’ 5
> Code % Calibration adﬁded to model storage c89c4T56 [‘3'1 o 103 Commits
Y jllisov authored 6 days ago
& Build # 1Branch
0 Tags
& Deploy Name Last commit Last update G K
%@ Operate . ‘ ) ] _ .
B3 Airports project migration from AEMET gitlab 1year ago £ README
[ Monitor :
iecti i MIT L 5
E3 data GOES East projection fixed 1week ago T icense
I Analyze
F3dock LEVD airport added 2 weeks ago Created on
August 23, 2023
Eaimg fixing previous commit 1 months ago
Einfo project migration from AEMET gitlab 1year ago
Balib GOES East projection fixed 1Tweek ago
B3 metrics new metrics for LEPA NN 9 months ago
Eamodels refactor 9 months ago
AN

hitns://aitlah.eumetsatint/eumetlabfweather/nowcastina/- /commit/cB9c4756dd?H3703fdf06011b6%eas1hf14d11b W
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nowcAsting targets to co-development.

The nowcAsting targeted user are Machine Learning practitioners, Academia and NMS. These
communities are encouraged to fork the project, give feedback and contribute.

The nowcAstling toolbox is in the format of a Jupyter notebook collection, allowing:

1. To download the NWC SAF clouds (and sat channels under license) and collocate them with METAR
reports

2. To get insight on the fog formation ;

3. To establish baseline models ;

4. To develop ML models to forecast the occurrence of fog ;

5. To store their models for operational reuse.
The data proposed to feed the ML models are NWC SAF cloud and METAR data.
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The set of notebooks is
proposing an example of fog
forecasting ML model
construction.

The notebooks
one by one:


https://commons.wikimedia.org/wiki/File:Alitalia_767_in_Fog.jpg
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The first notebook gives a general description:

It explains the proposed data to train the model: NWC SAF cloud products, Information
extracted from METAR reports and some geophysical calculated variables (as solar
elevation...). The first notebook includes an index pointing the user to each chapter of the
course.

The toolbox download the data, store them, and make them accessible via xarray objects.
The xarray Datasets follow CF convention.

) B L C BOOSTDEVLEMD.ipynb X BOOSTDEVLEZG.ipynb X FormationLEPA.ipynb X indexFog.ipynb ® M modelpng X |+ N4
B+ X O 8 » m C » Markdown v Notebook [ Python 3 (ipykernel) O
Filter files by name Q ~
. J’}

NData download> >
.— | Name - Last Modified

[ fourthro... 10 months ago : Introduction
* (9 grid_sear... 10 months ago
(5 grid_sear... 10 months ago
(5 grid_sear... 10 months ago N OWCAStl N g
(3 grid_sear... 10 months ago
D grid_sear... 10 months ago nowcAstI”g is a Python-based capacity-building res u
[ grid_sear... 10 months ago forecast. The notebooks guide the user to prepare the datac FI rst n ot e b o o k:
[ grid_sear... 10 months ago statistical techniques.

[ grid_sear.. 10 months ago The training course covers DATA DOWNLOAD, DATA EXPLOI I t d t -
, to dellop and test their own models in a specific notetebook n ro u c I o n
GRU.ipynb

7 months ago

M importan.. 5 months ago This course is based on Jupyter notebooks, which allow for a | in
M importan... 5 months ago one place. We recommend the use of jupyter-lab.
Importan... 2 months ago
» W] indexFog... 2 months ago

[ LEZG clo... 12 months ago Learnlng OUtcomeS
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The first notebook also explains the learning outcome: at the end of the series the user:

» Will be familiarized with the content of NWC SAF GEO Cloud Products.

* Will be more familiar with information extracted from METAR reports.

* Will know how to merge both data: clouds and METAR.

* Will see an example of Naive Bayes implementation.

* Will see an example of a NN basic implementation for a particular airport.
* Will learn how to store and compare its own ML models

-/

Name -

TOTTITa T

O fourthro...

* Y grid_sear...

[ grid_sear...
[ grid_sear...
[ grid_sear...
Y grid_sear...
[ grid_sear...
[ grid_sear...
O grid_sear...
GRU.ipynb
M importan...
M importan...
Importan...
» ] indexFog...
[ LEZG dlo...
O LEZG.df2
[ LICENSE....
O LSTM4 le...

Last Modified

o ago
10 months ago
10 months ago
10 months ago
10 months ago
10 months ago
10 months ago
10 months ago
10 months ago
10 months ago

7 months ago

5 months ago

5 months ago

2 months ago

11 minutes ago

12 months ago
6 days ago
last year

11 months ago

A

Data

The proposed NWC SAF data are CMA, CT, CTTH from the NWC SAF in combination with METAR
When running, the software will download a tile of the NWC SAF products arround the

tad variables.
Ime axis in a single

netcdf. A similar approach is taken for METAR reports: the software will download store them in

a single netcdf. Bellow you can find some images:

First notebook:
Introduction

vl

NWC SAF Cloud Mask (CMA) NWC SAF Cloud Type (CT)

Data origin




a ¥ L RETO CEMOGAARCD

: COARTA DL SOMANO /\ I . — [ > IMAGE
B ¥ -EElElEI:h_.I:E- MJ_ @, - ] PROCESSING n g
i'-{ s m:lt;&mmm:cmmrza ‘- L & [ (@ LABORATORY O O o CA S t I

The second notebook gives some general ideas and explains how to download the data
for a particular airport. It also makes some considerations on data attribution and where to
get credentials to access the data.

The software downloads the data and pack the downloaded in two individual netCDF CF
files for reusing. The data are exposed as xarray Datasets.

+ C BOOSTIX BOOSTI X Formati X indexFo X dataSto @ databxp X dataCol X baseline X NNLipyn X DEV.ipy X modelp X | +
B + X OO » m C » Code v Notebook [ Python 3 (ipykernel) O
Filter files by name Q 7
' endts = datetime.datetime(2022, 12, 3) ~
m/ # The ICAO code of the airport
ICAD = "LEPA"
Name - Last Modified # Then construct your connection
« [M] dataStor... 13 minutes ago ~
DEV.iovnb 3 minut LEVC METAR = airport.Dock connection(ICAO, startts, endts)
. [ipyn 3 minutes ago
. Beginning...
DEVZ.ipy... 5 months a
Py monins ago METAR Dataset loaded...
Ensembl... 5 months ago
Ensembl 6 months ago MNow you have the METAR data loaded and you can do a first interaction with it. P!
O 1 sa
Ensembl... & months ago [2]: LEVC_METAR.Dataset P I
Ensembl... 5 months ago
Y: environ... 6 months ago :
[2]: xarray.Dataset
M feature i... 5 months ago
M featurei.. 5 months ago , , . ]
0 Dimensions: (time: 97, station: 1)
FF_diff.txt 11 months ago S d t b kl
(D FF.txt 11 months ago v Coordinates: econ no e oo .
. 5a
[ FFCSIdif.. 11 months ago time (time) datetime64ns| D ata D own loa d
D) FECSI fo 11 months ago station (station) object
™ FFCSIPO... 11 months ago v Data variables:
[ FFCSIPO... 11 months ago valid (station, time) object
@ Firstint.py 4 months ago vis (station, time) float32
@ Focallos... 10 months ago temp (station, time) float32
™ fAn 10 menthe amn ¥ Aewint (ctatinn fimad flyat2? v
HIS Py Al . T Thethem 2 fesdenrm sl 1AL 110 At Tt rnmn bk N f
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The third notebook teaches how to connect with the stored data, how to plot some basic
graph. The objective is to gain insight on the data characteristics

Filter files by name Q

Mm / dock / NWCSAF /

Name -

[ LEMD-5x5.nc
3 LEPA-5x5.nc
[ LEVD-5x5.nc
[ LEZG-5x5.nc

Last Modified
2 months ago
12 months ago
7 days ago

12 months ago

=

" BOOSTI X

Third notebook:

Data
Exploration

") dataExp @

Al BOOSTIX | W Formati X | [® indexFo X | [Al dataSto X W dataCol X | Al baselineX | [® NN.ipynX | [® DEV.ipy X
B + XO 8 » ®m C » Markdown v Notebook []
T T I T I AR T [ Oy T
for tm in LEPA METAR.Dataset.fog.time.values:
if LEPA METAR.Dataset.fog.sel(time=tm).values[©]:
delta = 15 * 60 * 1000000000
plt.axvspan(tm - delta, tm + delta, facecolor='r', alpha=0.25)
plt.legend([ 'Temperature', 'Dew point', 'Fog observed'])
plt.title("Fog episodes at LEPA airport™)
plt.show()
Fog episodes at LEPA airport
295.0 - = Temperature
- Dew point
Fog observed
2925 -
¥
£ 2900- ‘ l
‘5 F
@
%287.5- . |
g | Il |
' 285.0 - i .
2 R I | |
> 282.5-
3 |
280.0 - i
2775+= ' '
o> o o0 y Ry o) 2 29
e % 2 2 0 ¢ O e
,107:1"\‘ 1011,‘& 1011,X 1011,‘\- ’1011,\ 10’}:1:\ 1011.'& .Lc'ﬂ"\‘

time of measurement
In the plevious figure you have a plot of temperature and dew point superimposed with red strips indicating if fog was observed or not.

import matplotlib.pylab as plt
import datetime

M modelg X | +
Python 3 (ipykernel) O

A
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The fourth notebook teaches how to collocate the data for simultaneous exploitation. The
satellite cloud data are a cube of small stamps with a very long time axis, on the other
hand the METAR data are a long time series with different time steps. The notebook
teaches how to select the central pixel of the stamps and how to deal with the METAR
data. Two methods are provided: .resample() and .interpolate() for METAR data

File Edit View Run Kernel Tabs Settings Help

& s C ® BOOSTI X U BOOST[X | W Formati X | M indexFo X U dataSto X | [® dataExp X | W dataCol X U baselineX | [ NN.ipynX | W DEV.ipy X = M modelgX @+
B + X0O O » m C » Markdown v Notebook [7 Python |pykernel) O
F”te[ ﬁie‘} b":,“ name O\ v 2500 U0V 750U JUUUU 12500 15000 U 25007 500U 7500 100U 12500 15000 v Z50U0 00U 7500 o

o ctth_alti ctth_alti ctth_ It

B® / dock / NWCSAF /

CTTH altitude, only cloudy pixels CTI'H altitude for foggy reports,only cloudy pixels Histogram for non foggy reports, only cloudy pixels

.— | Name - Last Modified
[ LEMD-5x5.nc 2 months ago 00T - i
[ LEPA-5x5.nc 12 months ago il Il |
* 3000 - i 3000 - | ‘
(O LEVD-5x5.nc ago |
D LEze I
© 2000 - Wl ‘ ‘ ‘ © 2000- MllL ‘ | |
BE-ul | | -
\ * 1l
1000 - R | 1000 - 1 1 ‘ |
{0 1|
‘ \
| .
o I ‘;_‘..‘__ 14| Illll-l- Il_-_ i o AN I I L Ll T
0 2500 5000 7500 10000 12500 15000 0 2500 5000 7 10000 12500 15000

ctth_alti tth It

Fourth notebook:
Data Collocation

Cloud detection for Foggy METAR

...............................................

Simple pykernel) | Idle

Mode: Command & Ln1,Col1 dataCollocationipynb 0 [
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In the fifth notebook, how to build some baseline models, including Naive Bayes, is
explained. These models will be the reference for the actual models.

Through the toolbox the users models and their performance are stored on disk, you don't
need to retrain the model each time you need to make a prediction.

- + C BOOSTI X BOOSTI X e s dataSto X e dataC X |+
B + X O » ®m C » Markdown v O
Filter files by name Q PLT. XIIM({1eTT="6) N

O plt.xlim(right=72)

B8 / dock / NWCSAF / plt.ylim(bottom=0)

plt.ylim(top=1)

Name = Last Modified F.ft h t b k
= R [ NOTEDOO0K.

(3 LEMD-5x5.nc 2 months ago ax.legend([ "Persistence”, "Naive Bayes", "Past”, "No skill"]) .
» [ LEPA-5x5.nc 12 months ago

|
(3 LEVD-5x5.nc 7 days ago pLt. show() Basell nes

(3 LEZG-5x5.nc 12 months ago 100 CS! Comparison, persitence
0.75 -
0.50 - =
0.25 - +'+-r._ .
i “l- gt i i o T
'.:i:!-:_dllmu_i -® -HI 'w. ..‘“H—_"'H*n—-qﬁi-""‘"‘r"_“hmp HHI;_'_H”-“""—74+H—-—-—-H+a--—..,...,.<..-__.,.‘,_,.,,-__ _.;"H‘+!—---—-"ili4--—~—..di---"_”i+ﬁ-._'-
3 ; o 15 2 R - - T
Lead time in hours
In the previous plots we have plotted the two baselines. A good model should outperform both of them: It should have higher CSI than the persistence
for less than 5 hours and higer CSI than Naive Bayes for lead time longer than 5 hours. Finding such kind of model for LEPA airport is the objective of
the next notebooks. We will test first a Feed Forward Neural Network and after we will expl
W
Simple 0 M 10 & Python 3 (ipykernel) | Idle Mode: Command @ Ln1, Col1 baselineipynb 0 L



Epl: ¥ CoRERND
i ot

” i O [5Pars

a &

VICEFREDDENCLA
CLARTA, DL GOBIRMG

M TS
PR LA TRARSICIO DOOLCGICA
¥ L AETD DEMOGRARCD

AN |

IMAGE

= (0p) s

ng
nowcAst 1

In the sixth notebook, Deep Learning basis are explained. We use a Feed Forward
Multilayer perceptron (stored also as a class of the toolbox). Special attention is given to
the loss function.

This model has proved to outperform the baselines for LEPA airport .

fit  View Run Kernel Tabs Settings Help

. + (@] BOOSTI X BOOSTI X Formati X indexFo X dataSto X databxp X dataCol X baseline X NN.ipyn X DEV.ipy X | M modelfX |+
B + X OO » = C » Markdown v Notebook [] Python 3 (ipykernel) O
files by name Q ~
- 16000
- Last Modified - 14000
tual_i... 8 months ago A False 4
tual ... 8 months ago - 12000 ()]
vSele... 6 months +0 % NNCSI
vSele... 5. 10000 f EEBR(;SéSI
bel.i.. Past
8000 No skill
_MET... 0.8 -
-ONe, 6000
on
4000 -
n . Lt
Sixth notebook: 000
Feed Forward
| Multilayer Perceptron e
-} y p Predicted label
-Re 1 & 4
Refe 3582308143 - e — : - ;
-Refer... A B £y b
b ntation in the nowcAsting module.
0 M 10 & 0.0 y : . :

Lead time in hours
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The seventh notebook provides a host class to test own models.

The name of the class is DEEPmodel, it takes as parameters a long list of "configurable"
parameters: a tag, the ICAO code of the airport, the data, the model architecture, the list
of predictors, the learning rate...

This allow to develop and intercompare different models. The code is prepared to run
either on CPU or GPU.

File Edit View Run Kernel Tabs Settings Help

= + C BOOSTI X BOOSTIX Formati X indexFo X dataSto X datakxp X dataCol X baseline X NN.ipyn X DEV.ipy X modelp X | + Q¢
B + X O » ® C » Markdown v Notebook [] Python 3 (ipykernel) O
o Filter files by name Q CouaT Ty e T R
i/ Loading the minimal parameters...
.— Name -~ Last Modified )
= ~ import nowcAstIng as nwc
- (] DEV.ipynb 10 hours ago
» DEVZ2.ipy... 5 months ago hidden_size = 15
1 s = 3
Ensembl... 5 months ago r.1um_ a}!\?r ° ) . - -
input_size = features.shape[1] # number of variables
Ensembl... 6 months ago output size = len out
Ensembl... 8 months ago
net = RNN(input size, hidden size, num_layers, output size).to(device)
Ensembl... 5 months ago
¥t environ... 6 months ago model = nwc.DEEPModel({tag='RNN', ICAO='LEPA', NET=net)
M featurei... 5 months ago Lo E L)
1 i ¥ = [ |
M featurei... 5 months ago . . Seventh notebOOk.
D FF diff et 11 months ago Loading the data and calculating
-_ - = [ ]
[ FF.ixt 11 months ago ¢ vou give now some d Developlng own
# ou giv now some datda
[ FFCSI_dif... 11 months ago d l
™ FFCSI fo... 11 months ago data = {'cma': True, 'ctth pres': 248e@, "ctth tempe": 270, 'dewpt': 283.14 mo e s
- ‘low_lev_inv': True, 'solar_elev': 2.770315058421099, 'station f
O FFCSIPO... 11 months ago "temp': 284.1499938964844, 'wind dir': 320.0, 'wind speed’: 1.54:
[ FFCSIPO... 11 months ago
@ Firstint Dy 4 months ago R 2 e e e S S e s s s |
) ' ) print (" FORECAST: HEHRERRHRHAHARRRRRREEE )
? Focallos... 10 months ago model.predict(data)
O foo 10 months ago
s # Yoy can give a List of data Y

Lot A e N I,
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baseline.pynb (12) - lupyterlab X |+ - X
<« C QO & 6422513499 ES w @ 0 & =
G Congresos y cursos ex... 0 BiCloud (@) ADAGUC Viewer Docker (@) ADAGUC Viewer Desp... @ Elastic 0 NWCSAF @ Panel de control | EU.. ICARE data order 3% EUMETSAT Notebo European Weather Clo..  €) adaguc-server/Config.. G Loginto Overleaf - 0. @ Portafirmas [ Otros marcador
" File Edit View Run Kemel Tabs Settings Help
» Bt C Ensemble PreX | M Importances. X | 0 forest_deltab X | % forest_delta6 X | % DEVipynb X | ™ baselineipyn X | M Importances X | M indexFogippX | M forest deita2 X | 0 forest_deltad X | 0 NewSelectiorX | (% NN_METARiX | B NN-Features X

B+ XD O » ®m C » Markdown v Notebook [7 Python 2 (ipykernel]

import mwcsa
—  Mame - Last Modified import airport

import datetime

™ tiports 6 months ago . . .
3 startts = datetime.datetime(2018, 1, 1)
N W date S months age endts = datetime.datetime(2022, 12, 31 )
8 dock & months age :
R nection( ' , startts, endt
= img & months ago e etartte. omite)
™ info & months ago
- b & months 2go T ATy R
B = LEPA R.Dataset.sel(statio )
B metrics K
™ ot Histogram for all the data
[ aBOUT o
4L
O ajust tlayer. 1O 5 78 1.0 -
[ sdjust_num_s | | :
[ sdjust_num_le
03 sdjust_num_le
O adjust_num_le i e
[ sdjust_num_le =
03 adjust_num_ls 0.8
& zirport.py I
O altitxt
basslineipyn -
boostLEPA.ipy
Clouds_Inforn 0.6 -
[ cloudstxt L e
(3 connect

M corr_matix_30

M corr_matix_30

Forecasted

M corr_matix_gh

o
ESY
|

M corr_matix_8h 3
M corr_matixjpe 102 |

dataCollocatic

dataExploratic

dataStorage.if

DEV.ipynb

| 0.2
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o
o
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With that we can extend the CSI, with two probability labels to a case with more

than two probability labels with the formula:

- Y PiTP
PCSI —
Vi (MCi+ TP,
The PCSIis equal to the €SI when we have zero and one as possible probability

il \We develop a new
et metric evolved from
ad CS|

 PCSI is an extension of

We combine three

models

* We traslate
probabilities in 4
warning levels

 Still not tested o the
forecast rooms

CSI to multicategories

 The metric is
iInsensitive to true
negatives
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We combine three models with different
behaviour and at the end we recalibrate
the outputs

7 We train a model with
neutral behaviour

Second we train a very
precise model it will give
the red labels

00000

We are facing the problem with a boosting approach
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I [he model goes beyond persistence

M - The model is able to nowcast fog with clear vibility

@ - The model is able to nowcast notfog in foggy
sy S|tuat|0ns

Spatial and temporal info

« We are including the 4 previous time steps of the
variables

* For spatial we are just including means and standard
deviations of the spatial variables
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Final wvaloration:

The Strengths &

performance is flil \veaknesses
enough for
OPS?
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