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Abstract
Climatology archive and accurate weather forecasts depend strongly on availability of observed properties of the atmosphere and can benefit significantly from higher temporal resolution of measurements on atmospheric temperature, pressure, relative humidity, wind speed and direction. Weather ballooning with radiosonde payloads can provide these data with relatively low initial capital costs while providing educational benefits for students, especially undergraduates in STEM majors. For example, recently we conducted a field campaign, Atmospheric Dynamics over the Gulf Stream (ADOGS), by launching radiosondes hourly during January 6 – 9, 2025 from New Haven, Connecticut. We observed rapid changes in the troposphere during that week and provided a great weather ballooning educational platform for students from Northeastern US, especially those at Primarily Undergraduate Institutions (PUIs) and Emerging Research Institutions (ERIs). Our results provide practical field experiences that may benefit the planning of future radiosonde campaigns, especially those with ballooning education and student engagement focuses, by the high-altitude ballooning (HAB) community.
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1. Introduction
Despite the development of advanced weather and climate forecast models and satellite remote sensing systems, observation of atmospheric conditions by radiosondes are still routinely carried out by weather stations worldwide on a daily or twice a day basis, typically at 0:00 and/or 12:00 UTC time(s) [1]. Carried into the atmosphere by helium- or hydrogen-filled weather balloons for as high as 35 km, radiosonde can provide data on the vertical conditions of the atmosphere for operational weather forecasting, model verification, and validation of satellite measurements [2,3]. Due to their long history of utilization by meteorologists and climatologists, radiosondes continue to provide valuable information on our atmosphere and serve as a useful reference for other observational methods [4–6].
Some dynamic events in the atmosphere may occur within the 12 – 24 hours radiosonde launch schedule gap from the network of official weather stations maintained by government agencies (such as US National Weather Services, NWS). As a result, flights launched with a shorter time interval, such as every 6 hours, 3 hours, or even every hour, may provide useful insights into extreme weather events, such as tropical storms and cyclones [7]. A radiosonde field campaign with high temporal resolution can also investigate atmospheric events over a region with no satellite coverage at the time. In this paper, we will illustrate the potential benefits of radiosonde field campaigns with high temporal resolution using preliminary results from our  Atmospheric Dynamics over the Gulf Stream (ADOGS) campaign during January 6 – 9, 2025 with hourly launches. Our results may benefit the high altitude ballooning (HAB) community when planning for their next ballooning campaigns involving radiosondes. Furthermore, we will share our experience with building a multi-disciplinary and multi-institutional team to inspire future ballooning educational and student engagement events for the future development of weather ballooning community. 

2. Methodology and Technical Details
All field studies were conducted in New Haven County, Connecticut at GPS coordinates of 41° 17' 24.4746", -72° 57' 52.5738". The electronics were sheltered in a pavilion from adverse weather elements. Since the field campaign was conducted during the winter season, when the temperature was too low (below 0 C), the battery-powered electronics were covered in moving blankets. Enough helium was filled into the balloon for each flight to yield an average ascent rate of 4 – 6 m/s in all our flights.
Disclaimer: we were independent end users of all commercial products and had no financial conflict of interest with any of the companies mentioned in this study. Our results are advisory only and do not offer endorsement on any commercial products.

2.1 Materials and Supplies. Through our participation in the Nationwide Eclipse Ballooning Project (NEBP), we had access to the commercial radiosonde Model DFM-17 (referred as GRAW herein) and the corresponding commercial Ground Station/Tracker (GST) system (Model GS-U, referred as GS.GRAW herein), both developed by Graw Radiosondes GmbH & Co. KG. The initialization of the GRAW requires access to the proprietary GrawMET software, which had the benefit of the assignment of the GRAW transmission frequency for every 0.02 MHz in the range of 401 – 406 MHz.
In addition, we also used the tracker, telemetry and data packet decoding functions of SondeHub tracking Network and refer to this method as GS.SH in parallel to the GS.GRAW. More discussion on the GST intercomparisons can be found in a companion study [8]. 

2.2 Atmospheric Dynamics Over the Gulf Stream (ADOGS) Field Campaign. During January 6 – 9, 2025, we assembled a team of faculty, staff and graduate and undergraduate students, including those from several Primarily Undergraduate Institutions (PUIs) and Emerging Research Institutions (ERIs) in the Northeastern region. 
All new team member went through an online asynchronous short course. The afternoon of January 6 was used to provide the team five practice launches between 17:00 – 21:00 UTC (12 – 4 pm EST) at the beginning of each hour.
The team then conducted a three-day (January 7 – 9) field campaign with hourly launch schedules between 12:00 – 16:00 UTC (7 – 11 am EST) at the beginning of each hour. Due to software issues, the flight at 12:00 UTC on January 8 was cancelled, leading to a total of 14 successful flights in the morning hours of January 7 – 9.
Since the original goal of this campaign was to study the dynamic events in the troposphere and lower stratosphere, either 300 g or 600 g latex balloon was used for each flight, depending on the surface wind speed in the launch field at the time (higher the wind speed, lower the balloon mass). In our flights, 300 g balloons typically brought the payload to 21 – 24 km (70,000 – 80,000 ft) and 600 g balloons to 30 – 33 km (98,000 – 108,000 ft). 
The weather changed drastically during the week of our field campaign, started with occasional snow in the afternoon of January 6 and transitioned to warmer and drier but windy conditions in the following three days. When it was snowing, it became necessary to add 10% more helium than the calculated amount to help lift the balloon train with any potential rain/ice accumulation through the weather system. 
GRAW radiosondes and GS.GRAW were used throughout the campaign due to data consistency expectations of our study as part of the regional-scale study along the East Coastline of the continental US. We noticed that it was important to turn on battery-powered electronics, including computers and GS.GRAW before exposing them to outdoor low temperature conditions, to prevent internal battery malfunctions and the consequential electronic failures. 

3. Results and Discussions
3.1 Practical and Field Experiences in Building a Multi-Disciplinary and Multi-Institutional Team. Our field campaign in January 2025 had dual missions of field weather ballooning research and education/outreach for students, especially those with limited access to weather ballooning resources. Despite a relatively short period of recruitment (November and December of 2024), we were able to recruit a cohort of more than 20 faculty, staff and graduate and undergraduate students, including those from several Primarily Undergraduate Institutions (PUIs, SUNY Brockport and SUNY Oswego) and Emerging Research Institutions (ERIs, University of New Haven and University of Bridgeport). 
Some of the interested members were veterans from the NEBP project but a decent number of them were new to weather ballooning. Therefore, they went through an online asynchronous short course evolved from the education resources shared by NEBP [9]. The course has several modules closely associated with the basics of weather ballooning, radiosonde and field campaign [10]. Furthermore, it was important to invite alternate team members in case of last-minute excuses due to sickness and/or schedule changes of the regular members. It was also worth noting that a series of disclosure and consent forms have been developed to ensure that all team members were familiar with field safety and proper conduct. It was more practical to break the team into smaller groups of 4 – 6 members, with at least 2 experienced members leading the group.
Due to the tight timeline, the afternoon of January 6 was used to provide the team five practice launches between 17:00 – 21:00 UTC (12 – 4 pm EST) at the beginning of each hour. We found these hands-on team-building exercises highly useful and important in bonding the team members together through field experiences.
One last important factor to consider for winter field campaigns was field safety against adverse weather elements: low temperature, chilling wind, rain/snow, slippery surface etc. It was important to assign a shorter work shift to each group to minimize their exposure time (3 hours or less) to outdoor conditions. It was also important to establish an indoor shelter and to keep hot beverages available throughout the field work hours each day, which may become difficult but necessary accommodations at more remote field sites.

[bookmark: _Hlk197022194]3.2 Hourly Radiosonde Data from ADOGS Field Campaign. A radiosonde flight on January 6  tracked by GS.SH was shown in Fig. 1a to provide a graphic presentation of a typical radiosonde flight during our field campaign. Aggregated flight paths of all flights each day can be found in Figs. 1b–e, thanks to the readily-available telemetry graphs from GS.SH. The prevailing winds during our campaign was due east and most of our flights investigated the atmospheric dynamics over the central and eastern parts of the Long Island Sound, Eastern Long Island, Southern Connecticut, 
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Fig. 1. Radiosonde flight paths during January 6 – 9, 2025 from our site in New Haven, Connecticut. (a) A typical flight path produced by Sondehub tracking network Grafana interface. (b) – (e) demonstrated the daily aggregated radiosonde flights during our field campaign and showed the general geographic areas studied by our campaign. (f) Ambient temperature profile within the troposphere as a function of balloon altitude during three flights on January 6, Flight #1 (green squares), #2 (black circles) and #3 (red diamonds) started at UTC 17:00, 19:00 and 21:00, respectively.

Southern Rhode Island and parts of the Atlantic Ocean east to the Cape Cod (as far east as 100 km offshore) and south to Rhode Island (as far southeast as 120 km offshore from Long Island). For data consistency, we only considered radiosonde data on the ascend part of the flight. 
While we are still processing the radiosonde data from a meteorological point of view, visual inspection of the hourly radiosonde data within the same day already suggested variations in atmospheric conditions may occur within 1 – 3 hours (Figure 1f, shaded areas). For example, in January 6, in the lower and upper troposphere regions with altitudes of ~2.5 and 7.5 km, respectively, the rate of temperate changes over altitude (lapse rate) showed noticeable changes over the two 2-hour periods. These changes would not be captured by the regular radiosonde launches by NWS.
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Fig. 2. Example empirical meteorological parameters derived from hourly radiosonde data during January 7 (black triangles), 8 (blue diamonds) and 9 (red circles) between UTC 12:00 and 17:00 at the beginning of each hour (x-axis for all panels), including temperature lapse rates at the lower (a, 0 – 1.5 km) and upper (b, 1.5 – 4.5 km) troposphere, tropopause height (b) and temperature (d).

[bookmark: _Hlk202878174]A more quantitative way of evaluating the data is to the lapse rates of different layers of the atmosphere. For example, there are three major layers in Fig. 1f: lower troposphere, upper troposphere and stratosphere, guided by the blue long-dash, dash, and dash-dot lines, respectively. The left and right crossing points of these fit lines reflect one inversion event between the lower and upper troposphere and the tropopause (the interface between troposphere and stratosphere), respectively. 
Using least-square linear regression fit, we derived the lapse rates in lower (Fig. 2a) and upper (Fig. 2b) troposphere and in the lower stratosphere, as well as the tropopause heights (Fig. 2c) and temperatures (Fig. 2d) for January 7 – 9 mornings.
Our lapse rate estimations in Fig. 2a suggested clear and rapid change in the lower troposphere below 1.5 km from sunrise to noon every day, reflecting the highly windy weather conditions near the surface during our field campaign. On the contrary, although varied slightly each day, the temperature trends in upper troposphere (Fig. 2b) remained fairly stable throughout each morning. 
While the tropopause remained largely stable in the mornings of January 8 and 9 (blue diamonds and red circles in Fig. 2c and d), within two hours, we noticed a significant decrease (–20%) and increase (+19%) in tropopause height and temperature, respectively, from UTC 12:00 to 14:00 in the morning of January 7, followed by rapid reverse trends by UTC 16:00 (Fig. 2c and d, black triangles). Once again, our observations demonstrated that radiosonde campaign with high temporal resolution (such as hourly) may reveal rapid dynamic changes in the atmosphere.

3.3 Technical Considerations for Hourly Raidosonde Field Campaign Logistics. While it is technically feasible to conduct high altitude ballooning (HAB) experiments and field campaigns using radiosondes with high time resolution, there are technical and financial barriers for the campaign logistics. In year 2023 – 24, the cost of a set of commercial GST hardware, proprietary software for data decoding/analysis, and a laptop for field work were in the range of $8,000 – 10,000 in the US, such as the GS.GRAW used in this study. One such GST set will be sufficient for HAB flights that are at least two (ideally three) hours apart, since a typical radiosonde ascend flight to a terminal altitude of 33 km will take ~2 hours at 5 m/s rate. Obviously, if the focus of the project is on the troposphere/lower stratosphere (15 km or lower), the telemetry can be terminated after ~1 hour ascent flight at 5 m/s. 
As mentioned in Section 2.1, there are other publicly available radiosonde tracking resources such as GS.SH using the SondeHub.org platform. However, we noted decoding issues with GS.GH. In the case of GRAW/GS.SH combination, the SH platform cannot decode the measured pressure and RH data from the GRAW data packets, which makes it impossible to estimate air density, dew point. As a result, any further meteorological analysis of such dataset could not be completed.

4. Conclusions
Our January 6 – 9 ADOGS field campaign illustrated the potential importance of radiosonde field campaign with high temporal resolution in understanding the atmospheric dynamics and weather forecast. For example, significant variations in the height and temperature of the tropopause were observed within a four-hour period on January 7, which could only be captured with radiosonde flights with temporal resolution of hourly or shorter. Sondehub was a versatile radiosonde trackering platform, with the caveat of limited capacity in decoding raw GRAW radiosonde datasets.

5. Future Work
In the future, we would like to compare our ADOGS data with those from the other teams along the Eastern Coast, in order to better understand the atmospheric dynamics during January 7 – 9 of 2025 in the Eastern Long Island Sound region and along the Gulf Stream. 
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