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CAPE  Convective Available Potential Energy

Key building blocks:
● LCL, LFC, EL
● Dry Lapse, Moist Lapse
● Parcel Profile
● Finding intersection
● Integration



Pybind11

pybind11 is a lightweight header-only library that 
exposes C++ types in Python and vice versa, mainly 
to create Python bindings of existing C++ code.



Which part should be/not be c++
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Rewriting everything in c++?



Which part should be/not be c++
Example 1  saturation vapor pressure
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Example 2  parcel profile helper
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Internal C++ Vectorization .vs. 
Pybind11 API vectorization
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Function Vectorization



Function Vectorization

scalar function

manually 
vectorization

py::vectorize doesn’t 
work for lcl

lcl returns two values: 
p_lcl and t_lcl
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airspeed 
velocity (asv) 
Performance 
Benchmark



 

Dry Lapse Dilemma

Benchmark Time Changes

Broadcast  drylapse_1D −16.7% (-18.000μs)

Broadcast  drylapse_2D +17.6% (+22.614μs)

Broadcast  drylapse_3D +1487.3% (+4.423ms)

Hard Code  drylapse_1D −16.5% (-17.716μs)

Hard Code  drylapse_2D −1.3% (-1.848μs)

Hard Code  drylapse_3D +46.3% (+1.737ms)
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Python is super efficient in processing 
broadcasted array by its own.



Future Work
• find_intersection may limit the speed.
• Optimize the calling chain. LCL is repeatedly called.
• Resolve the drylapse issue.
• Move more python-level functions to c++ level: 

parcel_profile_helper 
• Main stem of CAPE has been touched, will look at 

more minor branches
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Jupiter Visualization in IDV
• β-plane simulation
• 0.1 ~ 80 bar, 20 ~ 70 N, 0 ~ 52 E
• resolution: 170 * 300 * 400

Data is in courtesy of Huazhi Ge, California Institute of Technology,
Large-Scale Atmospheric Dynamics in Jupiter’s Mid-latitude — Compositional Structure, Thermal Structure, 
Large-Scale Dynamics, and Forward-Modelling Compared to Radio Observation — Simulated by the 
Nonhydrostatic Model



Intricate vortices and the distinct band-and-zone structure of Jupiter's atmosphere. Time span is 20 Earth days.

https://docs.google.com/file/d/11Q-L3uOBwvfsu7s4H8wOM8veIKOgrnes/preview


vorticity on H2O relative 
humidity isosurface

relative vorticity isosurface wind speed isosurface

Videos In courtesy of Yuan Ho, UCAR Unidata

https://docs.google.com/file/d/1IDpG28gdGziV8KRqiTOomFvKYb7Etz06/preview
https://docs.google.com/file/d/1R4qFTyhUgDwL7V16nRXlibvb8Dey_hd4/preview
https://docs.google.com/file/d/1OBI1CT8aZMG6iJZMEUTDDiCKHSfZ28DF/preview


Relative vorticity 

H2O & NH3 cloud density

Shallow layer vortices at 0.1 bar extend 
down to 85 bar pressure level.

Vertical Cross Section

0.1
1

85

https://docs.google.com/file/d/12IG4v0GlzMQvQFcHJfoOr-u0mgz-FjUr/preview
https://docs.google.com/file/d/1Qn0rfKFJA1AvE1z4YuPJTZ-jt-OC7vcI/preview


relative vorticity on 2 barrelative vorticity on 0.1 bar

https://docs.google.com/file/d/1t9RRmoGH4hMFsxfB2CbxqJHtxbtE9g_g/preview
https://docs.google.com/file/d/1ikpLWab1GQADSbArmElvJgqnqxKyG-GU/preview


Acknowledgement

NSF Unidata is one of the Univrsity Corporation for Atmospheric 
Research (UCAR)'s Community Programs (UCP), and is funded primarily 
by the U. S. National Science Foundation (Grant AGS-1901712).




