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CLIMLAB is an open-ended engine for interactive, process-oriented climate modeling for
Submitted: 23 March 2018 use in education and research. It is motivated by the need for simpler tools and more
Published: 20 April 2018 reproducible workflows with which to “fill in the gaps” between blackboard-level theory

and the results of comprehensive climate models. With CLIMLAB you can interactively
mix and match physical model components, or combine simpler process models together
into a more comprehensive model. CLIMLAB is used in the classroom (undergraduate
and graduate) to put models in the hands of students, and emphasize a hierarchical,
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more robust, process- based understanding and reproducible computational results (Held
2005; Jeevanjee et al. 2017).
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The climlab.Process object:
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Current capabilities in CLIMLAB

» |nsolation and orbital calculations

» Several radiation schemes (including RRTMG)

» Simple convection schemes

» Bulk formula boundary layer schemes

» Flexible advection-diffusion solvers along arbitrary dimensions

» Slab ocean and diffusive deep ocean

» Simple land surface scheme (bucket hydrology)

» Arbitrary combinations of all-of-the-above on 1D, 2D or 3D grids.

> (partial) integration with xarray for data management and visualization

g xaray http://climlab.readthedocs.io
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The goal of climlab is to enable more and "~ _—
better science with climate models across |« L
the hierarchy of complexity: e

»more transparent
»more reproducible
»more accessible to students

This begins in the classroom.
Active learning with climate models!

http://climlab.readthedocs.io
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-
jupyter A full semester of Jupyter notebooks leveraging climlab

® Lecture notes
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0 Pull requests Issues Marketplace Explore A+~ o~ Planetary energy budget
[J brian-rose / ClimateModeling_courseware ®Unwatch~ 17  xStar 84 Fork 37 1 . I 1 .
¢<» Code Issues 0 Pull requests 0 Actions Projects O Wiki Security? SOIVIng the Zero dlmenSIonaI EBM COMING SOON: fIrSt release Of
e s Climate Sensitivity and Feedback “The Climate Laborat ory”
Branch: master - ClimateModeling_courseware / README.rst Find file Copy path Intro to CLIMLAB

An open-source, interactive textbook
powered by JupyterBook

The climate system and climate models
A Brief Review of Radiation
Elementary greenhouse models
Grey radiation modeling with climlab
Modeling non-scattering radiative transfer
Who needs spectral bands? We do. Some baby steps...
Radiative-Convective Equilibrium
Transient and equilibrium response to CO2 in the CESM
Toy models of transient warming
Clouds and cloud feedback
Insolation
Orbital variations, insolation, and the ice ages
Heat transport
The one-dimensional energy balance model
Seasonal cycle and heat capacity
. A peak at numerical methods for diffusion models
Ice albedo feedback in the EBM
. Snowball Earth and Large Ice Cap Instability in the EBM
. T'he surface energy balance
Land-ocean contrasts under climate change
Water, water everywhere

& brian-rose Update README with clearer instructions for setting up conda
environment
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»Climate Modeling Courseware
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A collection of interactive lecture notes and assignments for a graduate
level climate modeling course

launch 'binder
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Quickstart
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Just click on the Binder badge above to run these notebooks interactively in the cloud!

—
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Or clone the repo and run on your own machine (details below).

Author
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Brian E. J. Rose

Department of Atmospheric and Environmental Sciences
University at Albany

brose@albany.edu
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About

—
N

ATM 623 Climate Modeling is an advanced graduate course on climate dynamics and climate
modeling. The focus of the course is on the hands-on use of both simple and complex climate
models to build understanding of the processes that control the planetary energy budget.
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o

The course makes extensive use of Python code and the Jupyter notebook for reproducible, self-
describing calculations and figures. This repository contains a collection of linked Jupyter
notebooks with lecture notes, examples and assignments. All notebooks are self-describing.

—
©
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Requirements

N N
N —

You will need a scientific Python distribution. Anaconda Python is strongly recommended.

The complete list of packages used in these notes includes:

® python (versions 2.7, 3.6, 3.7 should all work)
® numpy (base numerics)

N
W

® scipy (general math/sci utilities)

e matplotlib (graphics)

N
B

® xarray (labeled data structures)

® metpy (meteorological utilities)

N
o
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ATM 623: Climate Modeling

Brian E. J. Rose, University at Albany

Lecture 10: Radiative-Convective Equilibrium




Here is an example of building a single-column RCM in climlab

In [3]: import climlab
# Choose the surface albedo
alb = 0.2
# State variables (Air and surface temperature)
state = climlab.column state(num lev=50)
# Parent model process
rcm = climlab.TimeDependentProcess(state=state)
# Fixed relative humidity
h2o = climlab.radiation.ManabeWaterVapor(state=state)
# Couple water vapor to radiation
rad = climlab.radiation.RRTMG(state=state, specific humidity=h2o0.q, albedo=alb)
# Convective adjustment
conv = climlab.convection.ConvectiveAdjustment(state=state, adj lapse rate=6)
# Couple everything together
rcm.add subprocess( 'Radiation’', rad)
rcm.add subprocess( WaterVapor', h20)
rcm.add subprocess( ' Convection', conv)
#rcm.compute diagnostics()

Getting ozone data from /Users/br546577/anaconda3/envs/atm623/1lib/python3.6/site-packages/climlab
/radiation/data/ozone/apeozone cam3 5 54.nc



From isothermal initial condition to Radiative-Convective Equilibrium

This animation is built interactively in the notebook using matplotlib.animation
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brian-rose/climlab: Python package for process-oriented climate modeling -+

Impact, uptake, and usage of CLIMLAB

Pull requests Issues Marketplace Explore

Llbrian-rose / climlab ® Unwatch ~ 13 « Unstar 85 v Fork 35

<> Code Issues 18 Pull requests 0 Actions Projects O Wiki Security
o | atest version 0.7.5 released July 2019
] ]
Python package for process-oriented climate modeling Edit
‘ 63 " " python climate-model educational-software climate-science Manage topics
students used it in my classes (undergrad + grad)
1,353 commits 12 branches m O packages © 33 releases 22 8 contributors g MIT

Clone or download -

Branch: master -  New pull request Create new file Upload files

Used by small handful of instructors elsewhere
85 stars, 35 forks on GitHub

brian-rose Merge pull request #117 from pgierz/master

] ci
m climlab
s conda-recipe

im courseware

Find file

Starting building for Python 3.8 on CI services
Adds timeout to download

Starting building for Python 3.8 on Cl services

Update some coursewares notebooks for new climlab syntax and...

x Latest commit a8b6286 on Nov 15, 2019

2 months ago
2 months ago
2 months ago

last year

e 48 Issues closed, 54 PRs closed
y m licenses Include numpy license file (following xarray here) 3 years ago
E) .coveragerc first pass at testing 4 years ago

g .f2py_f2cmap

Put .f2py_f2cmap in climlab root. Apparently this is where f2py is...

3 years ago

u
. U n CO u nted e m al IS tweets an d h al IWay g .gitignore Add empty directories to hold the data files. 9 months ago
) ) B .travis.yml Starting building for Python 3.8 on CI services 2 months ago

t' £ LICENSE Update license year 3 years ago

Co nve rsa IO n S E) MANIFEST.in Remove all data files from the climlab repository. 9 months ago

E) README.rst More doc improvements and fixes 2 months ago

- - E) appveyor.yml Starting building for Python 3.8 on Cl services 2 months ago

. 5 C Itat I O n S Of J OSS pape r g clean.sh It is egg-info, not egg_info 3 years ago
E) paper.bib Fixed references 2 years ago

E) paper.md Fix typo in refs 2 years ago

Lots of community interest, but less actual use,
not much community development

B pyproject.toml|

E) readthedocs.yml

g setup.cfg
E setup.py

README.rst

climlab

add a pyproject.toml to allow for numpy installation before setup....

Fix readthedocs build
Run tests automatically at install time with python setup.py test

Merge pull request #112 from krachyon/master

3 months ago
10 months ago
3 years ago

2 months ago

JOSS |10.21105/j0ss.00659 f| DOI 10.5281/zenodo.3267410 | pypi package [0.7.5 [ build |error |

Python package for process-oriented climate modeling

Author

Brian E. J. Rose

Department of Atmospheric and Environmental Sciences

= . AL



What | would not do if | were starting the
CLIMLAB project today

\e
* Write numerical code before designing a user interface

* Create clunky custom data structure for grid-aware operations

* Extensive use of class inheritance, implicit **kwargs

* Write documentation focusing on implementation rather than use

e Single, monolithic code base (resource-intensive compile-and-test)

e Support Python 2

My impression: many of these issues are barriers to new users and potential user-developers



CLIMLAB 2.0

® More intuitive and extensible user interface

e Goals?
also, probably, a better logo
® More comprehensible codebase
® Easier, more interactive visualization

e Clear framework and roadmap for development of new science capabilities

* How?
i %’ array

 More explicit inputs and outputs, fewer hidden details. Fewer classes, more functions!

 CLIMLAB processes will consume and produce xarray objects

* Federation of packages: climlab will focus on Ul and model coupling. Numerics (e.g. RRTMG wrapper) spun off

o Separate viz package powered by Bokeh will enable live, browser-based animations of in-memory simulations

e When?

» Sooner if | get a few more helping hands



The evolving ecosystem

When | began this project.... (January 2014)

@ python’ )

%, xarray *
0 ® *
jupyter .
~r

CONDA-FORGE

Science libraries were mostly Python 2 only

xarray (now a core dependency) didn’t exist (v0.1 released May 2014)
Jupyter notebook was called IPython notebook (v1.1)

Jupyterhub didn’t exist (v0.1 released March 2015)

conda-forge didn’t exist (2016)

| was distributing *.py files to students by emaill

Being part of this extremely rapid, community-driven
explosion of tools has been both a joy and a frustration.

Mostly a joy.




Resources

»CLIMLAB meta-paper: Rose (2018): CLIMLAB: a Python toolkit for interactive, process-
oriented climate modeling, JOSS (3), doi:10.21105/j0ss.00659

»CLIMLAB source code: https://github.com/brian-rose/climlab

»Documentation: http://climlab.readthedocs.io

»ecture notes 1in Jupyter notebook format:

»Source: https://github.com/brian-rose/ClimateModeling_courseware

»To view as static pages: http://nbviewer.ipython.org/github/brian-rose/

ClimateModeling courseware/blob/master/index.ipynb

»To run in the cloud: https://mybinder.org/v2/gh/brian-rose/
ClimateModeling courseware/master

CLIMLAB  software and course notes are open-source and under active development.

Community contributions very welcome. Fork away! ( >


https://github.com/brian-rose/climlab
http://climlab.readthedocs.io
https://github.com/brian-rose/ClimateModeling_courseware
http://nbviewer.ipython.org/github/brian-rose/ClimateModeling_courseware/blob/master/index.ipynb
http://nbviewer.ipython.org/github/brian-rose/ClimateModeling_courseware/blob/master/index.ipynb
http://nbviewer.ipython.org/github/brian-rose/ClimateModeling_courseware/blob/master/index.ipynb
https://mybinder.org/v2/gh/brian-rose/ClimateModeling_courseware/master
https://mybinder.org/v2/gh/brian-rose/ClimateModeling_courseware/master
https://mybinder.org/v2/gh/brian-rose/ClimateModeling_courseware/master

ATM 623: Climate Modeling

Brian E. J. Rose, University at Albany

Lecture 16: Orbital variations, insolation,
and the ice ages




3. Global, seasonal distribution of insolation (present-day orbital parameters)

Calculate an array of insolation over the year and all latitudes (for present-day orbital parameters). We'll use a dense grid in order to make a nice contour plot

In [7]: lat = np.linspace( -90., 90., 500)
days = np.linspace(0, const.days per year, 365 )
Q = daily insolation( lat, days )

And make a contour plot of Q as function of latitude and time of year.

In [8]: fig, ax = plt.subplots(figsize=(10,8))
CS = ax.contour( days, lat, Q , levels = np.arange(0., 600., 50.) )
ax.clabel(CS, CS.levels, inline=True, fmt='%r', fontsize=10)
ax.set xlabel('Days since January 1', fontsize=16 )
ax.set ylabel('Latitude’, fontsize=16 )
ax.set title('Daily average insolation', fontsize=24 )
ax.contourf ( days, lat, Q, levels=[-1000., 0.], colors='k' )

Out[8]: <matplotlib.contour.QuadContourSet at 0x1269a34e0>



3. Global, seasonal distribution of insolation (present-day orbital parameters)

Daily average insolation
) _ ldat
| |

:

Calculate an array of insolation over the year and all latitudes (for present-day orbital parameters). We'll use a dense grid in order to make a nice contour plot

In [7]: lat = np.linspace( -90., 90., 500)
days = np.linspace(0, const.days per year, 365 )
Q = daily insolation( lat, days )

And make a contour plot of Q as function of latitude and time of year.

In [8]: fig, ax = plt.subplots(figsize=(10,8))
CS = ax.contour( days, lat, Q , levels = np.arange(0., 600., 50.) )
ax.clabel(CS, CS.levels, inline=True, fmt='%r', fontsize=10)
ax.set_xlabel('Days since January 1', fontsize=16 )
ax.set_ylabel('Latitude', fontsize=16 )
ax.set_title('Daily average insolation', fontsize=24 )
ax.contourf ( days, lat, Q, levels=[-1000., 0.], colors='k' )

Out[8]: <matplotlib.contour.QuadContourSet at 0x1269a34e0>
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Assignment: reproduce some published figures on high-latitude insolation (solsticial and seasonally integrated)

Fig. 2. Insolation forcing and A

Pleistocene glacial variability.
(A) Number of days that inso-
lation is above 275 W/m?2
(blue) and the average insola-
tion intensity during this inter-
val (red). Intensity and duration
are anticorrelated. (B) Spectral
estimate of the duration (blue)
and intensity (red), showing
that the majority of the varia-
bility is at the precession pe-
riods. Shaded bands from left
to right indicate the 100-ky,
41-ky (obliquity), and 21-ky
(precession) bands. (C) Summer
energy (red) and the time rate
of change of 880 (black) for
the early Pleistocene and (D)
the corresponding spectral esti-
mates. Positive rates of change
indicate decreasing ice volume.
Variability in both records is
predominantly at the 41-ky
obliquity period. (E and F)
Same as (C) and (D) but for
the late Pleistocene. The time
rate of change of 8180 has
variability at the 100-ky period
not present in the forcing.
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Your tasks is to reproduce these orbital / insolation calculations using the climlab tools. Specifically:

1. Reproduce the blue curve in Fig. 2A: number of days per year that insolation is above 275 W m™

2 at 65°N, between 2000 and 1000 kyrs before present.

2. Reproduce the red curve in Fig. 2C: Integrated summer insolation: the total accumulated insolation for every day for which this insolation is above the

threshold of 275 W m™—2.

3. Reproduce the red curve in Fig. 2A: Average summer insolation intensity. This is the integrated summer insolation above the intensity threshold divided by
the number of seconds during which the insolation threshold is exceeded. (Preferably plot this on the same graph as the number of days to reproduce Fig. 2A

completely).



\Q/\ CLIMLAB in the classroom
CLIMLAB

The problem:

Deploying “serious” scientific software (e.g. the RRTMG radiation code) so it’s
accessible to students who’ve never compiled a Fortran code before

Iwo solutions:

° am O
‘lr JU pyter Running climlab remotely

i R through a JupyterHub server
CONDA-FORGE

O
Pre-built binaries, “one-click” installation

on Mac, Linux and Windows!
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-

O This repository Search Pull requests Issues Marketplace Explore

--- conda-forge / climlab-feedstock ® Unwatch~ 3 * Unstar 1 YFork 2
CONDA FORGE ¢<» Code Issues 0 Pull requests 0O Projects 0O Insights
Branch: master ~ climlab-feedstock / README.md Find file Copy path

A community led collection of e
build recipes, infrastructure and

distributions for the conda
package manager. About climlab

Home: https://github.com/brian-rose/climlab

104 lines (74 sloc) 4.51 KB Raw Blame History L » @

Package license: MIT

Harnesses Several CI SerViceS to ::j:::'(::jhn:::pz::a:::floaru:ocess-oriented climate modeling
build working binaries for Mac,
Linux and Windows, and make

Current build status

osx: EEEIEEES windows:

Linux: G

Current release info

| (the climlab developer) don’t
need to touch Windows at all! Installing climlab

Installing climlab from the conda-forge channel can be achieved by adding conda-forge to
your channels with:

conda config ——add channels conda-forge

Once the conda-forge channel has been enabled, climlab can be installed with:

I.t “just WOrkS” ﬁ conda install climlab

It is possible to list all of the versions of climlab available on your platform with:

conda search climlab —-channel conda-forge

About conda-forge



jupyter Running climlab remotely with JupyterHub

® A dedicated JupyterHub server with a

complete and consistent Python environment
(UAlbany credentials required)

Cloud-based Jupyter and
climlab with binder!

@00 (< il & lore.atmos.albany.edu & ™ l . ece <> I & mybinder.org ¢ Lup'E=n
o
=i & bind

(beta)

Turn a GitHub repo into a collection of
interactive notebooks

Have a repository full of Jupyter notebooks? With Binder, open those notebooks in an
executable environment, making your code immediately reproducible by anyone,

anywhere.
Sign in
Build and launch a repository
Username: GitHub repo or URL
‘ bl’ian-rose/ClimateModeIing_courseware ’
‘ Git branch, tag, or commit Path to a notebook file (optional)

Password: master Path to a notebook file (optional) File ~ m

Copy and share this URL:

https://mybinder.org/v2/gh/brian-rose/ClimateModeling_courseware/master

Click, then paste into your README to get badge: Ilaunch binder




The next big thing: Packaging my loose collection of notebooks with JupyterBook

https://jupyterbook.org/
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Climate Modeling Courseware

1. Climate models, the global
energy budget and Fun with
Python

2. The zero-dimensional Energy

Balance Model

3. Climate sensitivity and
feedback

4. Building simple climate models

using climlab

5. The climate system and climate

models
6. A brief review of radiation
7. Elementary greenhouse models

8. Grey radiation modeling with

climlab

9. Modeling non-scattering

radiative transfer

10. Who needs spectral bands?

1. What is a Climate Model?

First, some thoughts on modeling from xkcd

YOU'RE TRYING TO PREDICT THE BEHAVIOR
OF J “>? JUST MOPEL
ITAS A | - AND THEN ADD
SOME. SECONDARY TERMS To ACCOUNT RR

\
EASY, RIGHT?
)
50, WHY DOES <) NEED
A WHOLE JOURNAL, ANYWAY?

£ |

LIBERAL-ARTS MATJORS MAY BE ANNOYING SOMETIMES,
BUT THERES NOTAHING MORE OBNOXIOUS THAN
A PHYSICIST FIRST ENCOUNTERING A NEW SUBJECT.

Let's be a little pedantic and decompose that question:

Q
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LECTURE 1: CLIMATE
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WITH PYTHON

ABOUT THESE NOTES:
CONTENTS
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MODEL?

A MINIMAL DEFINITION
OF A CLIMATE MODEL

2. THE OBSERVED GLOBAL
ENERGY BUDGET

THINGS TO NOTE:
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SIDE

ON THE LONGWAVE SIDE
LOOK AT NET NUMBERS...
ADDITIONAL POINTS:
DISCUSSION POINT

3. QUANTIFYING THE
PLANETARY ENERGY
BUDGET

ASSUMPTION:

4. USING PYTHON TO
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MODEL

ARRAYS WITH NUMPY

(coming soon)



