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Metadata template for datasets of LO-Letters articles 
 
Table 1. Description of the fields needed to describe the creation of your dataset. 

Title of dataset Warmer Winters and Ice-Based Cultural Ecosystem Services: Empirical Evidence 

URL of dataset  

Abstract Lakes and rivers covered by seasonal ice are extensively used by humans. 
Although ice cover duration has been declining over the past 150 years for 
Northern Hemisphere lakes and rivers, we still know relatively little about how 
inland ice loss directly affects humans. Here we provide empirical examples that 
give quantitative evidence for a winter warming effect on a wide range of cultural 
ecosystem services. We show that in recent decades, warmer temperatures 
delayed the opening date of the James Bay winter ice road in northern Ontario, 
Canada and led to cancellations of religious celebrations (Lake Suwa, Japan and 
Lake Constance, Germany/Switzerland/Austria), an ice skating race on Lake 
Mälaren, Sweden, and winter ice fishing tournaments in Central and Northern 
Minnesota. 

Keywords inland ice, ice-covered lakes, ice cover, winter, cultural ecosystem services, 
climate change 

Dataset lead author  Lesley B. Knoll 
Position of data author Station Biologist, principal investigator 
Address of data author Itasca Biological Station and Laboratories, University of Minnesota, 28131 

University Circle, Lake Itasca, MN 56470 
Email address of data 
author 

lbknoll@umn.edu 

Primary contact person 
for dataset 

Lesley B. Knoll 

Position of primary 
contact person 

Station Biologist, principal investigator 

Address of primary 
contact person 

Itasca Biological Station and Laboratories, University of Minnesota, 28131 
University Circle, Lake Itasca, MN 56470 

Email address of 
primary contact person 

lbknoll@umn.edu 

Organization associated 
with the data 

University of Minnesota 

Usage Rights Publicly available and free to use  
Geographic region Lake Suwa, Japan 

 
Lake Constance, Germany, Switzerland, Austria 
 
Lake Mälaren, Sweden 
 
Central and Northern Minnesota, USA 
 
Northern Ontario, Canada 

Geographic coverage  Lake Suwa, Lake Constance, Lake Mälaren, Central and Northern Minnesota, 
James Bay Winter Road 

Temporal coverage - 
Begin date 

Lake Suwa, Japan: 1443 
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Lake Constance, Germany, Switzerland, Austria: 875 
 
Lake Mälaren, Sweden: 1999 
 
Minnesota, USA: 2005 
 
Ontario, Canada: 2005 

Temporal coverage - 
End date 

Lake Suwa, Japan: 2017 
 
Lake Constance, Germany, Switzerland, Austria: 2018 
 
Lake Mälaren, Sweden: 2017 
 
Minnesota, USA: 2017 
 
Ontario, Canada: 2018 

General study design Lake Suwa, Japan: Existing data compilation (ice phenology) 
 
Lake Constance, Germany, Switzerland, Austria: Existing data compilation (ice 
phenology) 
 
Lake Mälaren, Sweden: Existing data compilation (ice-skating race occurrence 
and weather) 
 
Minnesota, USA: Existing data compilation (ice fishing tournament permits and 
weather) 
 
Ontario, Canada: Existing data compilation (winter ice road opening date and 
weather) 

Methods description Lake Suwa, Japan: Collected ice phenology records from personal observations  
 
Lake Constance, Germany, Switzerland, Austria: Obtained compiled ice 
phenology records from historical record 
 
Lake Mälaren, Sweden: Online data retrieval for ice-skating routes and weather 
 
Minnesota, USA: Data request to Minnesota Department of Natural Resources 
(fishing tournaments) and online data retrieval (weather) 
 
Ontario, Canada: Online data retrieval for winter road opening data and weather 

Laboratory, field, or 
other analytical 
methods 

Lake Suwa, Japan: We obtained data on the occurrence of the omiwatari (ice 
ridge) from the Shinto shrine from Tadashi Arai based on Arakawa (1954) and 
subsequently to 2018 from conversations with the current Shinto priest of the 
Yatsurugi Shrine, Mr. Miyasaka. Most of these data are also published in Sharma 
et al. 2016. Missing values indicate that the presence of the omiwatari is unknown 
for that year. 
 
Lake Constance, Germany, Switzerland, Austria: Historians have documented the 
occurrence of complete ice cover (locally termed “Seegfrörne”) on Upper Lake 
Constance back to the 9th century (Rostron 1888; Meichle 1963). We obtained an 
existing ice phenology record (Meichle 1963). No update of the time series was 
necessary as the lake has not frozen completely since the last time in 1963. 
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Lake Mälaren, Sweden: Using the ice-skating race information provided on the 
official Vikingarännet website (http://vikingarannet.com), we compiled data on 
the annual ice-skating route from 1999-2017 into three categories; 1) Track 
denotes the direct ice-skating route that starts near Uppsala and ends near 
Stockholm, 2) Loop refers to an altered ice-skating route with multiple laps and 
the same start and end location and 3) None represents years where the ice-
skating race was canceled. We calculated average winter air temperature data 
from Uppsala (obtained from SMHI; https://www.smhi.se) for the months 
December through February as they represent the duration which ice-cover 
conditions were monitored leading up the race in mid-February. Missing values 
indicate that either the route taken or the date of the event is unknown for that 
year. 
 
Minnesota, USA: We compiled data from ice fishing tournament permits (winters 
2005/2006 - 2016/2017) retrieved from staff at the Minnesota Department of 
Natural Resources and air temperature data for the same time period from 
NOAA’s National Climatic Data Center (https://www.ncdc.noaa.gov/). Permit 
data included number of permits issued per year by region, number of cancelled 
events, and the number of total estimated participants across all events for a given 
year. The northern portion of Minnesota is often cooler than the central and 
southern areas of the state. Therefore, we used this natural gradient to assess if 
warmer winters influenced fishing tournaments differently in these regions. We 
calculated average November through January air temperature by climate division 
(https://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-
divisions.php) since these months reflect both ice-on and ice formation through 
early February for Minnesota. We only examined trends in the central (divisions 
4, 5, 6) and northern (divisions 1, 2, 3) regions because the southern (divisions 7, 
8, 9) region had few tournaments (~10 per year). 
 
Ontario, Canada: We identified the relationship of freezing degree-day 
accumulations to the opening dates of the James Bay Winter Road from 
2005−2018. The latest road opening dates were obtained from the 
Kimesskanemenow corporation website (http://www.winterroadcompany.ca/). 
The daily mean temperature at the Moosonee weather station (51°16′N, 80°39′W) 
were obtained from Environment Canada 
(http://climate.weather.gc.ca/index_e.html). Freezing degree-days were calculated 
as a sum of the daily mean temperatures below the freezing point (0 °C) of fresh 
water for a given time period with units in °C days. We examined the freezing 
degree-day accumulations from October 1 to December 31 as a preconditioning 
period of winter road season. Missing values indicate that the opening date is 
unknown. 

Quality control Data were checked for possible transcription errors. 
Additional information References: 

Arakawa, H. 1954. On five centuries of freezing dates of Lake Suwa (36°N, 
138°E) in the central Japan. Chigaku Zashi 63: 193–200. 

Meichle, F. 1963. Seegfrörne und Eisprozession in Vergangenheit und 
Gegenwart. Schriften des Vereins für Geschichte des Bodensees und seiner 
Umgebung 81: 145–170. 

Rostron, S. 1888. Freezing of the boden see, or lake of constance. Quarterly 

https://www.smhi.se/
https://www.ncdc.noaa.gov/
https://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-divisions.php
https://www.ncdc.noaa.gov/monitoring-references/maps/us-climate-divisions.php
http://www.winterroadcompany.ca/
http://climate.weather.gc.ca/index_e.html
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Journal of the Royal Meteorological Society 14: 308–308. 
doi:10.1002/qj.4970146810 

Sharma, S., J. J. Magnuson, R. D. Batt, L. A. Winslow, J. Korhonen, and Y. 
Aono. 2016. Direct observations of ice seasonality reveal changes in climate over 
the past 320–570 years. Scientific Reports 6: 25061. doi:10.1038/srep25061 

 

Table 2. Description of the variables (i.e., columns) in the dataset in sufficient detail for another user to 
understand and use the data. If there are 10 variables (i.e., columns) in the dataset, then there should be 10 
rows in this column that describe each column. 

Lake Suwa (Japan) 

Column name Definition Units 
year Chronological years included in dataset year 
omiwatari_presence Description of whether omiwatari occurred on Lake Suwa 

or not (0 = presence, 1 = absence) 
0, 1 

 
Lake Constance (Germany, Switzerland, Austria) 
 

Column name Definition Units 
year Chronological years included in dataset year 
freeze_occurrence Description of whether Lake Constance froze or not (yes = 

Y, no = N) 
Y, N 

 
Lake Mälaren (Sweden) 
 

Column name Definition Units 
year Chronological years included in dataset year 
race_date Date of ice-skating race (mm/dd/yyyy) date 
route Description of ice-skating route (Track, Loop, or None) Track, Loop, None 
air_temp_DJF Average December, January, February air temperature Celsius 

 
Northern and Central Minnesota (USA) 
 

Column name Definition Units 
climate_division Climate divisions for Minnesota defined by NOAA. North 

corresponds with divisions 1, 2, and 3. Central 
corresponds with divisions 4, 5, and 6. 

 

winter_year Chronological years included in dataset year 
permit_number Sum of the number of ice fishing tournament permits 

issued 
 

cancel_number Sum of the number of ice fishing tournaments cancelled   
participant_number Sum of the number of participants estimated at events  
air_temp_NDJ Average November, December, January air temperature Celsius 

 
James Bay winter ice road (Ontario, Canada) 
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Column name Definition Units 
year Chronological years included in dataset year 
fdd_0 Freezing degree-days: sum of the daily mean temperatures 

below the freezing point (0 °C) of fresh water for a given 
time period  

°C days 

opening_date The date of the opening date of the James Bay winter ice 
road (mm/dd/yyyy) 

date 

 


