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What Comes Next?

e CTyPyTool
» ML-based emulator for cloud
typing
> fair comparison of cloud
occurrences between
observations and simulation
® Tobac
P cloud tracking based on object
detection & linking

> flexible, modular & extendable
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CTyPyTool: Research Questions

1. How well are cloud types and their characteristics represented in regional
models?

2. What is the impact of different cloud parameterization choices (e.g.
microphysics and convection) ?
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Simulation and Observation Data
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How to Compare?
The Challenge

® Synthetic Observations

_ _ » synthetic IR radiances from forward operator
i (SynSat, RTTOV)

> pro: fair & direct comparison of BTs

Meteosat

SEVIRI
BTs

SynSat using RTTOV v11.3 » con: sometimes ambiguous & hard to

interpret
Synthetic
infrared BTs
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How to Compare?

A Few Examples
COSMO-DE

e Comparing BT Images
P spatial distribution of “cold”
clouds can be compared

SEVIRI

(a) BT10.8 (K)
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How to Compare?

A Few Examples

e Comparing Distribution Statistics
> identify biases in occurrence rates

(c) BT10.8 (K) @ 201608 (d) BT6.2 (K) @ 201608
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How to Compare?

A Few Examples
Segmentation Procedure

(a) Start: BT10.8-Field (b) Curvature Smoothing
—~ —~

e or Comparing Object

Characteristics ,
> CEH SiZES ) . Iterations: 5 'Threshold 230K
distributions i

(f) End Result after Merging (e) Watershed Segmentation (d) Determine Marker Positi
7 V3 7

> growth rates
i
> pair distances, ... N h ¢ \0:

Merge Ratio: 0.5 Iterations: 3, Reduction: 10%

Rempel et al. (2017); Senf et al. (2018)
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How to Compare?

However, all BT-based comparison
are typically based on a single
channel and miss the wealth of

multi-spectral information!
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Does Cloud Type Information Help?

Interfacing to NWCSAF

@ -
ICON
Simulation
Output

Meteosat
SEVIRI
BTs

>

| SynSat using RTTOV v11.3 |

Synthetic >
infrared BTs

NWCSAF v2013

Y

Observed Simulated
Cloud Types Cloud Types

® Cloud Classification

synthetic IR radiances from forward operator
(SynSat, RTTOV)

night-mode classification for observed and
simulated IR fields with NWCSAF software

con: my interface is not user-friendly & only
works over the oceans!!!

Fabian Senf
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Does Cloud Type Information Help?

Interfacing to NWCSAF

® cloud type images are relatively
easy to interpret

Open Src. Dev., CWG Meeting, Budapest, 2022
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Does Cloud Type Information Help?

Interfacing to NWCSAF

(a) Fractions (b) Fraction Biases

%
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Does Cloud Type Information Help?
Interfacing to NWCSAF

® Parameterization Developments:

» cloud typing helps to support parameterization development

> e.g. stochastic convection scheme (S-NOMFL) outperforms other
approaches

semi. thick

semi. moderately thick
semi. thin

very high opaque

high opaque

mid-level

low

very low / fractional
sea

Sakradzija et al. (2020)
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Can Machine Learning Make Life Easier?

® Some Thoughts:

» data interfacing is much easier in modern languages

» NWCSAF software is not designed to run synthetic BTs from simulations
— a bit cheating is needed...

» NWCSAF cloud typing is decision-based
— a perfect task for modern emulators
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Can Machine Learning Make Life Easier?

CTyPyTool Methodology

¢ |dea:
> tree-based emulation of NWCSAF cloud types

» night-mode classification, BTs only

» trained on regional observation
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Can Machine Learning Make Life Easier?

CTyPyTool Methodology

¢ |dea:
> tree-based emulation of NWCSAF cloud types

» night-mode classification, BTs only
» trained on regional observation

e Status:
> experimental for the Mediterranean area, only over oceans

» Open-Source: https://github.com/fsenf/CTyPyTool
» Open-Docs: https://ctypytool.readthedocs.io
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Can Machine Learning Make Life Easier?

CTyPyTool Methodology

The Machine-Learning based Cloud Typing Emulator CTyPyTools

Why Machine
Learning?

nt emulation of
lers

rce
e

’ v 8
@ Scientific Problem 3 3 . 2 % )

* How mulate
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Summary
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Can Machine Learning Make Life Easier?

CTyPyTool Prelim. Results

Tree Classifier Forest Classifier

Ground Truth

Correctly identified 84.98 % Correctly identified 87.91 %

e typical accuracy: around 80%

® only all-sky BTs included so far, clear-sky estimates are expected to
improved accuracy

Open Src. Dev., CWG Meeting, Budapest, 2022
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Can Machine Learning Make Life Easier?

CTyPyTool on GitHub

@ fsenf/ CTyPyTool e

0 Nocatons | Fok 1| 7 sar 0

<> Code (@ losues [1 Pulecuests (@ Acions [H Projects [0 Wiki @ Secuity v Insights

Boren b Qous coroe Reaur

Gloud Typing Python Tools fo Veriication
fsent Merge pull request 5 from fsenfdevel 270 19 days a0 D106commits | of Weather Forecasts

cloud_classifier recommit of bugix #3 @ issue 5 20dagsago [ Resdme

docs added getting started on jupyterhub to index Smoritwoge | T OPLS0
notsbooks hod undefined variabl i

0 seshecoosyml buglxnreirements

D LICENSE Initial commit

O Pipfile added netcdf prequesites to requirements Releases

D Piplilelock ‘added updated pipefile.lock 2 months ago No releases published

[ README.md Upc README to comrect repository 3 mont

D requiementssit J——— 2monnsage Packages

No packages publited

= READMEmd

Contributors 2

CTyPyTool: Cloud Typing Python Tool
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How to Follow Clouds?
The Lagrangian Perspective

Clouds evolve and ...

03 04 05 0 220 230 240 10 20 30 40 50 60
HRV reflectance Brightness Temperature (K) Radar Reflect. Factor (dBZ)
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Introduction

How to Follow Clouds?

The Lagrangian Perspective
Mature Phase

higher ST
top ‘w‘

L N
>

. some of their changes indicate ‘

potential future development.

more
preclp

Senf and Deneke (2017a)
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Tobac: Research Question

How can we follow developing clouds and analyze their changing characteristics
with a tool

® works automatically,

® s flexible, modular & not depended on a particular type of data?
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How to Follow Clouds?
Tobac Methodology

¢ |dea: l
> develop an Open-Source Python

Package pgthon TM
3
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How to Follow Clouds?
Tobac Methodology

¢ |dea: l
> develop an Open-Source Python

Package pl:]thon TM
3

P build upon established packages,
e.g. xarray from the 4
https://pangeo.io family

xarray
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How to Follow Clouds?
Tobac Methodology

o Workflow
1. Input
2.
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How to Follow Clouds?

-
% + new features
Tobac Methodology l ol features
X deleted features
' + final features
b) Threshold 1 ) Intermediate features 1

Y v

o Workflow
1. (i:{:> ’

Input

d) Threshold 2 e) Intermediate features 2
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How to Follow Clouds?

Tobac Methodology
soft-matter/trackpy

Python particle tracking toolkit

¢ Workflow
1 Input M2 @me e Ve o
2. Feature Detection e
3. Linking / Tracking
4 # \\\

previous time steps predl:cted MGG \

t A= ti4+1 :
,
S next timestep

search radius v, At
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How to Follow Clouds?
Tobac Methodology

¢ Workflow
1. Input (e) Cloud areas R (f) Tracked cells
2. Feature Detection § {500
o . L, i
3. Linking / Tracking " w -
4. Segmentation & Object-Based Yow wog
Analysis % L »
50

Heikenfeld et al. (2019)

Open Src. Dev., CWG Meeting, Budapest, 2022 Fabian Senf



Tobac
0000080000

How to Follow Clouds? JO I = W
Tobac Methodology 3 50:__‘7‘—-?.
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Heikenfeld et al. (2019)
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How to Follow Clouds?
Tobac on GitHub & ReadTheDocs

e Status:
> Open-Source: https://github.com/tobac-project/tobac

» Open-Docs: https://tobac.readthedocs.io

> User Tutorials:
https://github.com/tobac-project/tobac-tutorials

Fabian Senf
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How to Follow Clouds?
Tobac on GitHub & ReadTheDocs

) Product - Team Enterprise Explore - Marketplace Pricing

[ tobac-project
¢ Development:

@ Overview  [] Repositories [ Projects @ Packages R People

> Latest Release in April 2022; Version 1.3 8 R

Members

Sean Freeman

> Active & International Community

freemanswi

fsenf

* JuliaKukulies

> Core developers from Uni Oxford,
Colorado State Uni & TROPOS

> many contributions from researchers at
Argonne NL, Texas Tech & others

Max Heikenfeld
mheikeneld

William Jones
wrkijones

Tobac Core Team

Open Src. Dev., CWG Meeting, Budapest, 2022
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How to Follow Clouds?
Tobac Research Applications

® TRACER campaign:

» TRacking Aerosol Convection interactions ExpeRiment field
campaign in Houston area

> for studying climate-relevant processes and interaction in isolated
deep convective systems

> see
https://www.arm.gov/research/campaigns/amf2021tracer

Open Src. Dev., CWG Meeting, Budapest, 2022 Fabian Senf
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How to Follow Clouds?
Tobac Research Applications

INCUS Investigation of Convective Updrafts

— At-120ses — ¢ v

¢ Upcoming NASA missions:

> tracking utility for Atmosphere =
Observing System (AOS) mission Tendg e
as NASA's recent »
implementation of the NASEM
decadal survey & for INCUS as a
NASA Earth Venture Mission

L &— At=30secs —& % o o atsosecs —o e

The INCUS Baseline Mission:

> https : / /ao S. gSf c.nasa. gov/ = 3 SmallSats carrying RainCube-like radars with cross-track scanning
capabilities and a TEMPEST-D-like radiometer
& https : //WWW .nasa. gOV/ = Applies a novel time-differencing (At = 30,90 and 120 sec) approach

= Provides the first ever tropics-wide measurements of CMF

press-release/
nasa-selects-new-mission-to-study-storms-impacts-on-climate-models
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e CTyPyTool
» ML-based emulator for cloud
typing
P fair comparison of cloud

occurrences between
observations and simulation

TObaC previous time steps predllcted motion N
Gt _a=

> cloud tracking based on object ) \:’\m’;ﬂ'megep
detection & linking [

search radius V. At

> flexible, modular & extendable
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Introduction

Summary

e CTyPyTool
» ML-based emulator for cloud
typing
P fair comparison of cloud

occurrences between
observations and simulation

° TObaC previous time steps predi:cltedmonon \:
. . t; = Aok ti+1 o
> cloud tracking based on object ) ’\ngmimes‘ep
detection & linking b

search radius v, At
> flexible, modular & extendable

Thank you for your attention!

Fabian Senf
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