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Motivation

Inadequate representation of cloud microphysical processes in large scale models
= Model evaluation requires a direct (“apples-to-apples”) comparison with observations

— Remote sensing observations do not retrieve some microphysical quantities and suffer
from detectability constraints

— Resolution differences
= Various forward simulators exist for different purposes, e.g., COSP, CR-SIM
= large-scale models continuously evolve — moving targets.

= Flexible, easy to implement, fast evolving framework for ground-based instruments is
needed.



Earth Column Model Collaboratory (EMC”2) Overview

= Open Source offline framework for large scale model-observation comparison

= Fully written in python (Xarray-based data model for easy integration with netCDF
datasets)

= |ncludes a subcolumn generator (expansion of Lamer et al., GMD, 2018) and a
forward calculation components for ground-based instruments

= Faithful to the physics implemented in large-scale model microphysics schemes
(e.g., fully compatible with the MG2 scheme)

https://columncolab.github.io/EMC2/



https://columncolab.github.io/EMC2/

SCM Case study example from AWARE (August 16, 2016)

This case study describes the quasi-
Lagrangian formation and evolution
of a highly supercooled drizzling
cloud (T.z = -25 °C) in an initially
stable atmosphere
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HSRL AWARE (August 16, 2016)
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Earth Column Model Collaboratory (EMC”2) Software

Easy documentation: Automated documentation builder for easy documentation of
procedures

Unit testing: Ensures code integrity on a variety of platforms

Expandable structure: Adaptability for a variety of models and sensors
— Can operate on the GISS ModelE3 output and can be easily amended for E3SM, CAMS6, etc.

— Currently includes essential Mie scattering lookup tables and instrument characteristics for the
ARM HSRL, Ceilometer, Raman lidar, MPL, KAZR, and WACR.

https://columncolab.github.io/EMC2/
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Model variable information
Cloud coverage statistics
Cloud microphysics

Density of scatterers

Terminal velocity of scatterers
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Subcolumn generator

Allocate hydrometeors to subcolumns:
* Cloud coverage statistics
* Cloud microphysics
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/Radarllidar simulator\

Generate simulated radar/lidar observables:
* Radar reflectivity factor

* Doppler velocity

* Spectral width

* Optical depth

& Extinction /

s . N
Comparison

* Atmospheric Community Toolkit

* Xarray matplotlib wrappers

\- Visualization )




EMC22 demo notebook

In this notebook we show an example of how to run EMC2 using ModelE and HSRL data

In [1]: M import emc2
import act
from datetime import datetime
%#pylab inline

from distributed import LocalCluster, Client

Populating the interactive namespace from numpy and matplotlib

C:\Users\rjackson\AppData\Local\Continuum\anaconda3\envs\emc2 envilib\site-packages\IPython\core\magics\pylab.py:16@: Userla
rning: pylab import has clobbered these variables: ['datetime’]
“#matplotlib® prevents importing * from pylab and numpy

"\n Zmatplotlib™ prevents importing * from pylab and numpy"”

First, we load the model data using the ModelE object

In [2]: M model path = "allvars.SCM_AWR_linft BT® unNa_noaer.nc’
my model = emc2.core.model.ModelE(model path)

After that, we load in the HSRL data using the HSRL object.

In [3]: M HSRL = emc2.core.instruments.HSRL()
HSRL.read arm netcdf file('awrhsrlMl.al.20160816.000000.cdf")
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What is Py-ART?
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Visualizing a single subcolumn
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Summary

Framework required for easy “apples-to-apples” comparison of large
scale models with observations

Using radar/lidar simulator code applied to a ModelE and KAZR/HSRL
example from AWARE campaign, develop EMCA2

EMCA?2 provides an easy to use, well tested, well documented
framework for “apples to apples” model-obs comparisons.

EMCA2 provides easy to expand framework to include wide array of
models/observations

Future plans include: Expanding EMCA?2 to support other climate
models/scanning radars

https://columncolab.github.io/EMC2/
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