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James et al., 2018, WAF
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NowCastMIX in a nutshell
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courtesy: Paul James

Analysis + Warning areas Clusters + Warning polygons Warning suggestion for the next hour Example: projection on counties
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Fuzzy Logic: 

Several (possibly contradicting) 

data sources at the same time 

makes the categorization fuzzy…

Source: Wikipedia

MMT Légkördinamikai Szakosztály 17



Motivation

07.06.2024

warning

categories
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cell, as

defined by

WV

Fuzzy Logic: 

Several (possibly contradicting) 

data sources at the same time 

makes the categorization fuzzy…

Source: Wikipedia

It works well, but:

• complex

• new data  expert tuning

• system upgardes  expert tuning
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machine learning:

classification

problem

Variable Source

Time 

(yy,mm,dd,hh,mm)

Cell occurence

Location (lat, lon) Cell location

Wind (speed, dir) KONRAD3D

AutoRadSatW

ZVF

ICON-D2

V-CVF

Precipitation Radolan RH

Radolan RW

Precipitable Water Radar (VIL)

ICON-D2

Hail flag KONRAD 3D

Cell category KONRAD3D

Flash rate LINET

Cloud-top height NWC-SAF

Features:
Meteorological state at cell centres
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machine learning:

classification

problem

Variable Source

Time 

(yy,mm,dd,hh,mm)

Cell occurence

Location (lat, lon) Cell location

Wind (speed, dir) KONRAD3D

AutoRadSatW

ZVF

ICON-D2

V-CVF

Precipitation Radolan RH

Radolan RW

Precipitable Water Radar (VIL)

ICON-D2

Hail flag KONRAD 3D

Cell category KONRAD3D

Flash rate LINET

Cloud-top height NWC-SAF

NowCastMIX archive:

• ~ 5 years of labeled data

• ~ 106 data instances / year

• ground truth: fuzzy-logic!

Features:
Meteorological state at cell centres
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Chase et al., 2023

How good is my prediction?

 Loss function:

𝑓(𝑥, 𝑤) = (ŷ𝑡 − ŷ𝑝)
2

How can I improve it?

 Loss function gradient:

∇𝑤𝑓(𝑥, 𝑤) = ⋯

 Gives sensitivity to 𝑤 i.e. 

direction for nudging 𝑤 so 

that the loss will be smaller



My ANN learning process

07.06.2024

Tool:

• Free / open source @ GitHub

• Commercially usable

• Python (based on Numpy, Scipy)

• Runs on CPU (not on GPU)

• Not meant for large-scale problems
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How do I set up my ANN?

My ANN learning process

Architecture

Training 
size

Solver Standardization

Activation
function

Regularization
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How do I set up my ANN?

My ANN learning process

Architecture

Training 
size

Solver Standardization

Activation
function

Regularization

I need a „toy problem“ to figure out…
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My „toy problem“ (MLPfog):

• fog detection

• synthetic random data: 
T, Td, FF

• simple physical model: 
if T == Td and FF < 0.8

fog = 1

else

fog = 0

• ML model (ANN/MLP scikit-learn) to

learn what the physical model does

(single class classification)
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My „toy problem“ (MLPfog):

• fog detection

• synthetic random data: 
T, Td, FF

• simple physical model: 
if T == Td and FF < 0.8

fog = 1

else

fog = 0

• ML model (ANN/MLP scikit-learn) to

learn what the physical model does

(single class classification)

Training set Validation set
„physical“ model

ANN model
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observation

estimate

Yes No

Yes a b

No c d

Verification

POD =
a

(a+c)

FAR=
b

(b+d)

SEDI =
ln FAR −ln POD −ln 1−FAR +ln(1−POD)

ln FAR +ln POD +ln 1−FAR +ln(1−POD)

Probability Of Detection:

False Alarm Rate:

Symmetric Extremal

Dependency Index:

My ANN learning process
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Question: How important standardization w.r.t. the training size?
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How do I set up my ANN?

My ANN learning process

Some vague answers:

• by experience (rather „trial & error“ than a logic

based approach, did not find any valid rules of

thumb, lack of deeper undrestanding…)

• experience (a set-up) not transferable 

from small-size problems to large-size 

problems

• risk of missing important (or most

relevant) settings is non-negligible
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MLPfog: https://github.com/gboeloen/MLPfog

My ANN learning process
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ML for emulating NCM Fuzzy-logic
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machine learning:

classification

problem

Variable Source

Time 

(yy,mm,dd,hh,mm)

Cell occurence

Location (lat, lon) Cell location

Wind (speed, dir) KONRAD3D

AutoRadSatW

ZVF

ICON-D2

V-CVF

Precipitation Radolan RH

Radolan RW

Precipitable Water Radar (VIL)

ICON-D2

Hail flag KONRAD 3D

Cell category KONRAD3D

Flash rate LINET

Cloud-top height NWC-SAF

Features:
Meteorological state at cell centres
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Target (fuzzy-logic):
warning categories

machine learning:

classification

problem

Variable Source

Time 

(yy,mm,dd,hh,mm)

Cell occurence

Location (lat, lon) Cell location

Wind (speed, dir) KONRAD3D

AutoRadSatW

ZVF

ICON-D2

V-CVF

Precipitation Radolan RH

Radolan RW

Precipitable Water Radar (VIL)

ICON-D2

Hail flag KONRAD 3D

Cell category KONRAD3D

Flash rate LINET

Cloud-top height NWC-SAF

New w.r.t. MLPfog:

• 10+ target labels  multiclass classification

• larger amount & variety of features

• computationally more expensive (training)

Features:
Meteorological state at cell centres
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ML for emulating NCM Fuzzy-logic

Multiclass classification with
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ML for emulating NCM Fuzzy-logic

Multiclass classification with
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ML for emulating NCM Fuzzy-logic

Experimental setup

• offline tests (100% Python - not yet in the

NowCastMIX code)

• separate training & validation set

• verification of each (10) warning category

via SEDI (POD & FAR)

• check distribution of warning categories

• check distribution of missed events for

each warning category
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Sensitivity to ML method (ANN softmax, svm, decision tree, random forest, GaussNB, etc.)

ML for emulating NCM Fuzzy-logic

MMT Légkördinamikai Szakosztály 39



07.06.2024

Sensitivity to ANN (MLP) setup
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Sensitivity to feature set

ML for emulating NCM Fuzzy-logic
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So, the winner is! (solver: adam, activ. func.: relu, arch=300,90,10, alpha=10-3 , etc)

ML for emulating NCM Fuzzy-logic
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So, the winner is! (solver: adam, activ. func.: relu, arch=300,90,10, alpha=10-3 , etc)
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Is this enough?
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SEDI vs Distribution?

ML for emulating NCM Fuzzy-logic

ANN

Extra Tree Classifier
(decision tree)
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Not enough robust?

ML for emulating NCM Fuzzy-logic
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Reasons & solutions(?)

• Very much imbalanced data set, i.e. fcat40 = 

105*fcat31

 Even more data needed!

 Real data: probably not enough / expensive

 SMOTE (Synthetic Minority Oversampling Technique) 

first attempt did not help

• Optimal set-up not yet found?

 Hyperparameter tuning
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Discussion & Outlook

• To me, using an ANN still feels like a „black box“  lot to learn!

• ANN for warning category classification: 
 not a „low-hanging fruit“  more data needed / hyperparameter tuning

 no real ground truth (no warning category „observations“)  fuzzy-logic best we have  no

perpective to improve

 a nice playground but not convienced about continuing

• Probably the way forward: improve forecast step
 So far: stretching based on extrapolation by wind

 Plan: Machine Learning (CNN, cell-based grid based?)

• PyTorch or TensorFlow (CPU & GPU) instead of Scikit-Learn (only CPU)?
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