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INTRODUCTION

This is an overview of an
ongoing project to build a
robust, easy-to-use,
Atmospheric Transport

Modeling (ATM) system for
custom, high-resolution
scenarios
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METHODS/DATA RESULTS

Implementation was based
on creation of a layered
architecture, presenting

loosely-coupled
components to the user,

A workflow driver has been
implemented, presenting
users with the tools to
define custom workflows

with rigorous, repeatable within a workflow namelist

testing.

CONCLUSION
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The project is ongoing, with
current emphasis on "filling

in gaps" and packaging
according to best practices.
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The Flexpart Atmospheric Transport Model (ATM) is

. . } ehratm git repository Compiled distributions
traditionally driven by ECMWF and GFS meteorological , ~ ( )
model inputs. Flexpart-WRF is a variant of the standard - automated scripts to @
model that accepts a wide range of WRF-generated build each distribution 0O
meteorological inputs to support very high-resolution * Python code for
simulations over customised domains.  The chain of e g
activities needed to produce custom met files from WRF wrf, fpwrf
and feed them to Flexpart-WRF for a successful * Python code for @9 v 1::.2%'1
simulation is complex and prone to failure for a number of e iamdi
reasons, and the work described here is aimed at \ J
packaging all of the complexity into an easy-to-use <L
system
’ * geogrid ehratm
" ungrib [ <
Building on the experiences gained from an exploratory | metgnd >]
tot t built | this Enh d - wrf setupWHF - creale copies of standard
prototype system built several years ago, this Enhance * fpwrf run dirs fgom distribution of choige
High Resolution Atmospheric Transport Model (EHRATM)
system is being developed in a Python-driven A4 * WPS/ WRF/ FPWRF/
environment to  support relatively simple  and workflow drivers
straightforward simulations to complex simulations with | ) Please do not
special requirements. Adopting the philosophy of some sp”ascee,";'ZR
other well-known Python packages, our goal is to “make ataratical
overlayed

easy things easy and hard things possible.”
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The original HRATM was designed and well-implemented
to primarily support a linear workflow of setting up and
running a WRF simulation in order to generate custom
meteorological data, and then to run Flexpart WRF using
the custom met data. With some postprocessing for
graphics production and generation of SRS-format output
(used by CTBTO in many postprocessing activities), users
are able to execute this workflow with a relatively simple
command line interface.

Although the original HRATM has some support for
performing partial workflows (doing some of the workflow
at one time, and following up later with the rest of the
workflow) for convenience, flexibility, and debugging, users
expressed a need for much greater flexibility to substitute
new and/or experimental components.

These needs for greater flexibility led to one of the primary
design goals in the Enhanced HRATM (EHRATM) — the
creation of a modular ecosystem of loosely-coupled
distributed model components that could be inserted and
removed in a plug and play fashion.

Objectives

The primary objectives for this work are to

* build a Python package, nwpservice, of low-level

WRF and Flexpart WRF components that can be
executed and rigorously tested in standalone mode,
independent of the other nwpservice components
(in other words, loosely-coupled)

build a higher-level Python package, ehratm, that
provides the APIs for creating a custom workflow
from the nwpservice components. Such a workflow
is defined by a standard Fortran namelist file, and
can range from specification of a single task based
on a single nwpservice component, to a full
workflow from WREF input to Flexpart WRF output.
This package, too, has a number of components
that undergo heavy unit and functional testing.

build a prototype workflow driver, ehratmwf.py, that
takes as a single argument the path to a user-
created namelist file and runs the specified
workflow. Additionally, implement a test
environment of repeatable scenarios.

s

TERT—

INTRODUCTION
0BJECTIVES
METHODS/DATA

RESULTS

CONCLUSION

7 D
™)

Please do not
use this
space, a QR
code will be
automatically
overlayed

P3.4-488



SnT 2023 Methods (Slide 1 of 2)

SCIE ND TECHNOLOGY COMFERENCE

HOFBURG PALACE - Vienna and Online

19 10 23 JUNE

. . . Ve \
The nwpservice Python package is a col_lectlon of ——[ungrib ] \
low-level, standalone components designed to
operate as plug and play components of custom ECMWF—ML'W—NDREss-ﬂJ r;’mgnd Lo real o] et
workflows. ECMWF_SFC* L3,

Each component is specified by a well-defined ——“' geogrid |
Python API that allows it to be run by itself for N .
operational, experimental or debugging activities. ~/
Extensive unit and functional testing provide a Example of plug and play nwpservice components assembled into useful workflow

:
rigorous check on the correctness of the components,

7 D
™)

eSpeC|a”y as they undergo fUthe mOdIflcatlonS' '.-?.ag‘t;;_-52?;2f-pzzf}p:l-:il.ﬁ:tl‘l'.;-:ir-llT}CLI. -',j;r- __1: E"'r I
metdatatype = 'ecawfsfc
domainpath = os.path.join( . tmpdir, 'MyTestDomain') RESULTS
. . . LOGGER . debug( ' domainpatt s' % domainpath)
ctbtuser@localhost:~/git/hratm-experimentation/packagedev/nwps MOREER, daiial *seiT. S0 Siithat 4 e
ytest test components ungrib obj = wps.ungrib.Ungrib(
test session starts wpswrf distro path=WPSWRF DISTRO PATH,
.8.8, pytest-6.2.3, py-1.10 L . wpswrf rundir=domainpath

ootdir: fhome/ctbtuser/git/hratm-experimentation/packagedev/nwpservice/tests namelist wps=namelist path,

lugins: anyio-2.2.0 vtable userdef=vtable userdef path,

ollected 37 items metdatadir=ECMWFEU SFC GRIE DIR, Example of

metdatatype=metdatatype, initialisati d

't components/test calcecmwfp/test calcecmwfp component.py output dir=self. tmp output dir, Initialisation and use
t components/test flexwrf/test flexwrf component.py log level=logging.DEBUG of smgle nwpservice
-t _components/test geogrid/test geogrid component.py | ungrib component for
t_components/test metgrid/test metgrid component.py WRF preprocessing
t_components/test namelistwps/test namelistwps.py ungrib_obj.setup() Please do not
t components/test real/test_real component.py output_manifest = ungrib obj.run() use this
t_components/test _ungrib/test ungrib component.py LOGGER . debug( 'output_manifest: %5 % output_manifest) zggze‘;vﬁl?)lz
T_components/test_wps 'u'lzl.ltlls_.,-"tes.t vizutils.py LOGGER . debug( 'output _manifest keys: %s' % i putomatial
t_components/test wrf/test wrf_component.py list(output_manifest['ungribbed']["files’].keys())) overlayed

37 thaﬁul| .assertIn('5URF:2014-081-24 83°,

ratmy@.82) [EHRATM: ~/git/hratm-experimentation/packagedev/nwpservice/tests] list(output manifest['ungribbed']['files'].keys()). P3.4-488
msg="File in manifest")
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The ehratm Python package is a collection of higher-
level, standalone components intended to be called
by ehratm worfklow drivers, handling many of the
details so that, ultimately users only need to worry
about creating correct workflow  namelists
(wfnamelist) for their custom projects.

Like the lower-level nwpservice components, the
ehratm components are heavily instrumented with
unit and functional tests.

ctbtuser@localhost:~/git/hratm-experimentation/packa¢
{ehratm0,02) [EHRATH: “/git/hratm-experimentation/packagedev/ehratm] § pytest

Methods (Slide 2 of 2)

| ehratm?? ehratm
| 7?77 nwpservice

!

Compatible WPS, WRF, FlexpartWRF
Distributions

Abstraction of the ehratm / nwpservice stack architecture. The nwpservice
components may be called by any conforming software, and ehratm is one such
collection. nwpservice depends on correctly installed distributions of the NWP
models, and this installation is scripted in a repeatable way

test session starts
platform linwe -- Python 3,8.8. pytest-6.2.3, py-1.10.0, pluggy-0,13,1
rootdir: Jhome/cthtuser/qit/hrati-exper inentation/pack agedev/ehratn
plugins: anyio-2,.2,0

collected 79 items

tests/func/test_func_wps_ecoufplevels,.py | [ 1X]
tests/func/test_func_wps_geogridipy ..... [ 72
testz/funcStest_func_wps_metgrid,py .... [ 12%]
tests/func/test_func_wps_unarib.py . [
tests/func/test_func_wrf_real .py ..

tasta/unit/test: rnanelist i Py seen s e snnen seemn s peses sy s s L ]
teste/unitAtest_wps_ecnufplevels,py .., . [ 73%]
tests/unit/test_ups_geogrid.py ...
tests/unit/test_wps_metoridopy ..., [ B4%]
testz/unit test _wps_umgrib,py ... [ 91%]
tests/unit/test_wrf_real .py ..onues [100%]

————————————————————————————— 79 passed in 21,09 s===========================-=
{ehratme0,02) [EHRATH: “/oit/hratm—experimentation/packagedevdehratm] ¢ l

ehratmwf.EhratmWorkflow() § .run_ungrib() .run_geogrid() -run_ecmwfplevels() .run_metgrid()
ehratm.wps -ungrib.UngribWorkflow() .geogrid.GeogridWorkflow() .ecmwfpi kflow() -metgrid.MetgridWorkflow()
nwpservice.wps -ungrib.Ungrib() -geogrid.Geogrid() calcecmwfp.CalcEcmwiPlevels() -metgrid Metgric()
ehratm.ehratmwf.EhratmWorkflow() J .run_real() run_wrf() ehratm.ehratmwf.EhratmWorkflow() § .run_flexwrf()
ehratm.wrf -real.RealWorkflow() wri.WrfWorkflow() ehratm.flexwrf -flexwrf.FlexwrfWorkflow()
L i) wrt-Wrf() T Al

Stack architecture of the workflow components, depending on the ehratm components, which
depend on the foundational nwpservice components. Each column’s functionality is independent
of the others, supporting the design goal of loosely-coupled distributed components.
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ctbtuser@localhost:~/git /hratm-experimentation/packa

An EHRATM workflow driver (ehratmwf) is the top-level software e e

Funnirg Test: whnnl_tests/ufnanelist.ofsungribroeogrid-tasonest

component. It reads, parses and verifies the user-defined
wfnamelist and runs the workflow components as defined in the o T ot Limit ottt —
workflow_list and the individual sections of the wfnamelist.

A Command Line Interface (CLI) batch processing test driver will Uorkflou Events '

)

H H23-02-15:01:50239 == WorkFlow started
execute and report on status of a large collection of test cases. PO0E-0B16.0110438 3 Srart oeomean anelist() '
POAZ-02-15:01150239 —> Started run_uorkflowl): Strplehratmuf_20230215_015039, 64 _
5603 0BJECTIVES
&C""t;;} Liet < 1 - ' imeterdd! 'real'. 'wrf'. 'Flexwrf! 2023-12-15:01:50339 - Start run_ungribl)
workflow_list = ‘'ungrib’, 'geogrid', 'metgrid', 'real', 'wrf', SRS PRF-0Z-15001 50044 - Start run_geogeid()
log_level = 'debug' 2023-02-15101:50252 -=> WorkFlow completed,,. METHODS/DATA
workflow_rootdir = '/tmp' I
/ I
ttime _ I RESULTS
start_time = '2014012403' SUMHARY RESULTS L
end_time = '2014012406' S —— I
wrf_spinup_hours = 3 CONCLUSION
/ return code  whnamelist |
&gri b_'ifp';'tl , o whrnl _tests/ufnanelist, ecnuf-metgeidonly
:YPE =, ecT"‘f—"ﬂ- o wknnl_teztsdufnanelist oecnuf-metgridonly-twonest-4npitazks
rz:i:i"f" =3 ] wfrnl _teztsdufnanel 1zt ecnufungrib
- e : - : . 1 S
"/dvlscratch/ATM/morton/git/hratm-experimentation/packagedev/ehratm/tests/f k= 0 wfrinl tests/ufnanel ist. ecnufungribrgeosr idwetor id-tuonest-drpitas
unc/era_metdata' ] wfrinl _tests/ufnanel 1et, ecnufungribrgeoor fd-tuonest
/ ] winnl _tests/ufnanelist.ecnufungribraecer id=-tuonest vdnpitasks
T ) 0 winnl _tezts/ufnanel izt geogrid-onenest
g:" JEPl" £ oafer o wfnnl _tests/ufnanelist, geogrid-onenest-dnpitasks
h’pe =, :cT“_—: € 0 wfnnl _tests/ufnanelist,geogrid-tuonest
°“':—,"‘_" = o wfmnl _tezts/ufnanel izt geogrid-tuonest—dnpltazks
, rootdir = . i . ] winnl _tests/ufranel ist,af s-netgridonly
fdvlscratch/ATM/morton/git/hratm-experimentation/packagedev/ehratm/tests/f o winnl_teztz/ufnanelist . ofsungrib
?“cfe'a—“emata‘ o wFnnl _testz/ufnanelist, gfzungribhgeogrid=netgrid-onenest
o winnl _tests/ufnanelist . of sungribreengrid-orenest Please d(?
— o wfnnl_tests/ufnanelist. gfsungribtseogrid-twonest not use this
lomain_defn
domain_defn_path = 'small_domain_twonest.nml' spgce, a"%R
/ e : code will be
Mumber successful: 15/15 | automaticall
&geogrid | y overlayed

MDA SEEE & WRNIME - workflow product directoeies NOT sutomatically deleted

53, 30uzer 12,37ayszten 1335, 47elapzed 17320PU (Osugrent+lavgdsta 20E13axresids P3.4-488
Eik

inputs+12819408autpute (3Enajor+1818307ninor Jpagefaultes Oousps
ehratmn, 02) [EHRATH: *9it/eatarexper inentat ion/packagedewehratn] + ]

/
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Conclusion

This project is ongoing (and always will be), but the core functionality of a set of loosely-coupled distributed
components, driven by namelist-specified workflow directives has been accomplished and tested rigorously.
Continued work includes packaging up the experimental, prototype software into a best-practices environment with

web-based documentation.
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API Reference

Contributing This page contains auto-generated API reference documentation 1

*  nwpservice
B API Reference
nwpservice © nwpservice.flexwrf

= nupservice.flexwrf. flexwrf
¢  nwpservice.wps

= nupservice.wps.calcecmwfp
®  nwpservice.wps.geogrid
=  nupservice.wps.metgrid
= nwpservice.wps.namelistwps
= nwpservice.wps.ungrib

=  nupservice.wps.vizutils
@ nwpservice.wrf

=  nwpservice.wrf.real

= nupservice.wrf.wrf

¢ nwpservice.defaults
¢ nwpservice.mylogger
[1] : Created with sphinx-autoapi
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© Copyright 2023, Don Morton

Built with Sphinx using a theme provided by Read the Docs.

View page source
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* ehratm
B API Reference
T &  ehratm.wps
flexwrf »  ehratm.wps.ecmwfplevels

= ehratm.wps.geogrid
=  ehratm.wps.metgrid

= ehratm.wps.ungrib
@ ehratm.wrf

= ehratm.wrf.real

= ehratm.wrf.wrf

¢ ehratm.defaults
&  ehratm.ehratmwf
@ ehratm.mylogger
@ ehratm.wf_config

¢ ehratm.wfnamelist

*  flewwrf

[1] : Created with sphinx-autoap
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© Copyright 2023, Don Morton.

Built with Sphinx using a theme provided b

View page source
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