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Summary

The pypromice Python package is for processing and handling observation datasets from
automated weather stations (AWS). It is primarily aimed at users of AWS data from the
Geological Survey of Denmark and Greenland (GEUS), which collects and distributes in situ
weather station observations to the cryospheric science research community. Functionality in
pypromice is primarily handled using two key open-source Python packages, xarray (Hoyer &
Hamman, 2017) and pandas (The pandas development team, 2020).

A defined processing workflow is included in pypromice for transforming original AWS obser-
vations (Level 0, L0) to a usable, CF-convention-compliant dataset (Level 3, L3) (Figure 1).
Intermediary processing levels (L1,L2) refer to key stages in the workflow, namely the conversion
of variables to physical measurements and variable filtering (L1), cross-variable corrections and
user-defined data flagging and fixing (L2), and derived variables (L3). Information regarding
the station configuration is needed to perform the processing, such as instrument calibration
coefficients and station type (one-boom tripod or two-boom mast station design, for example),
which are held in a toml configuration file. Two example configuration files are provided with
pypromice, which are also used in the package's unit tests. More detailed documentation of
the AWS design, instrumentation, and processing steps are described in Fausto et al. (2021).
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Figure 1: AWS data Level 0 (L0) to Level 3 (L3) processing steps, where L0 refers to raw, original data
and L3 is usable data that has been transformed, corrected and filtered

LO data is either collected from an AWS during a station visit or is transmitted in near-real-time
from each AWS via the Iridium Short Burst Data (SBD) service. An object-oriented workflow
for fetching and decoding SBD messages to Level 0 data (LO® tx) is included in pypromice
(Figure 2). Alongside the processing module, this workflow can be deployed for operational
uses to produce L3 AWS data in near-real-time. A post-processing workflow is also included to
demonstrate how near-real-time AWS data can be treated after L3 for submission to global
weather forecasting models under the World Meteorological Organisation (WMO).

How et al. (2023). pypromice: A Python package for processing automated weather station data. Journal of Open Source Software, 8(86), 5298. 2
https://doi.org/10.21105/joss.05298.


https://public.wmo.int
https://doi.org/10.21105/joss.05298

SS

The Journal of Open Source Software

/ payload_format.csv payload_type.csv .sbd file Email message \

readType checkAttachment()

()
readFormatter() checkAttachmentName()
addCount() PayloadFormat SbdMessage getPayloadFromEmail()

0

addFilel getPayloadFromFile()

getKeyValue()
getEmailBody()
) checkSender()
EmailMessage getIMEI()
getEmailinfo()

object checkByte() GFP2toDEC()

writeEntry() GLI4toDEC()

Input/output getDataLine() RAWtoSTR()
\\ LOtx.msg /

Figure 2: Object-oriented workflow in pypromice.tx for fetching and decoding AWS transmission
messages to Level 0 (LO tx) data

Statement of need

pypromice has four main research purposes:

1. Process and handle AWS observations

2. Document AWS data processing with transparency and reproducibility

3. Supply easy and accessible methods to handle AWS data

4. Provide opportunities to contribute to the processing and handling of AWS data in an
open and collaborative manner

The pypromice software has been designed to handle and process data from AWSs located
in Greenland. The compilation and processing of data from national AWS networks has
historically been conducted through un-distributed, oftentimes proprietary software. Similar
Python packages to pypromice have been developed to:

= Process data from historical AWS in Greenland, such as the legacy GC-Net processing
workflow (K. Steffen et al., 2023; Vandecrux et al., 2020 - 2023)

= Handle data from commercial AWS, such as pywws (Easterbrook, 2008 - 2023)

= Perform post-processing steps and harmonize AWS data from different institutions, such
as JAWS (Zender et al., 2017 - 2019)

As a result, there was a key need for the development of pypromice in order to have a package
with a complete and operational L0 to L3 workflow.

Usage

The pypromice software handles data from 43 AWSs on hourly, daily and monthly time scales.
The AWS data products have been used in high impact studies (Box et al., 2022; Machguth
et al., 2016; Oehri et al., 2022), and have been crucial for evaluating the effect of climate
change on land ice in annual reports such as the Arctic Report Card and “State of the Climate”
(Moon, Mankoff, Fausto, Fettweis, Loomis, et al., 2022; Moon, Mankoff, Fausto, Fettweis,
Tedesco, et al., 2022). The AWS data originates from three national monitoring programmes -
the Programme for Monitoring of the Greenland Ice Sheet (PROMICE), the Greenland Climate
Network (GC-Net) and the Greenland Ecosystem Monitoring programme (GEM).

GEUS is responsible for the Programme for Monitoring of the Greenland Ice Sheet (PROMICE),
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which is now a network of over 21 AWSs installed across the Greenland Ice Sheet (Ahlstrgm
& the PROMICE project team, 2008). Launched in 2007, these one-level tripod stations are
designed to stand on ice and move with the ice flow close to the ice sheet periphery (Fausto
et al., 2021; How, Abermann, et al., 2023). The PROMICE stations are designed to monitor
the surface melt and its meteorological drivers in the ablation area of the ice sheet.

In 2021, GEUS assumed responsibility of the Greenland Climate Network (GC-Net) AWS
locations (C. Steffen et al., 1996), previously maintained by the United States National Science
Foundation (NSF), National Aeronautics and Space Administration (NASA) and Swiss Federal
Institute for Forest, Snow and Landscape Research (WSL). This expansion added 16 two-level
mast stations to GEUS' sites. The data from these stations are intended to monitor conditions
on the inner regions of the ice sheet, including snow accumulation and surface conditions
(How, Abermann, et al., 2023).

The Greenland Ecosystem Monitoring programme (GEM) is an integrated, long-term monitoring
effort that examines the effects of climate change on Arctic ecosystems. Established in 1995,
GEM includes monitoring at Zackenberg, Kobbefjord, and Disko, Greenland. The program
offers access to over 1000 freely-available environmental datasets, including data from 6
GEUS-designed AWS installations (GEM, 2020) which have been used in scientific publications
(Messerli et al., 2022).

Documentation

pypromice versions accompany releases of GEUS AWS data publications (How, Wright, et al.,
2023).

Package documentation is available on the pypromice readthedocs.

Guides for general GEUS AWS processing operations under PROMICE and GC-Net are included
at the GEUS Glaciology and Climate GitHub pages.
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