
Region - Water ConservancyDOI: 10.32629/RWC.V3I1.134
1

Region - Water Conservancy, 2020, Volume3, Issue1
http://front-sci.com/journal/rwc

ISSN Online:2630-4902

Effects of Temperature Variability and Warming
on the Timing of Snowmelt Events in Southern
Finland during the Past 100 Years
Masoud Irannezhad*

School of Environmental Science and Engineering, Southern University of Science and Technology, Shenzhen,
Guangdong, China

*Corresponding author: irannezhad@sustech.edu.cn

Abstract: This study analyses the first and last days of snowmelt events and the number of days (duration) between those

throughout a water year (September-August). The snowmelt duration (SD) as well as its first (SFD) and last (SLD) days

were estimated using daily precipitation and temperature measurements at the Kaisaniemi meteorological station in

southern Finland during 1909-2008 as input datasets to a temperature-index snowmelt model. As snowmelt is a sensitive

hydrological variable to temperature, this study also evaluated historical variations and trends in November-May (SDt),

November-January (SFDt), and March-May (SLDt) temperatures corresponding to SD, SFD, and SLD at Kaisaniemi. The

trends in all these parameters as well as their correlations with the well-known climate teleconnections over Finland were

investigated. Long-term average values indicated the longest SD was about 131 days between 15 December and 25 April

at Kaisaniemi. The SD significantly (p<0.05) shortened by 0.37 (days/year) at Kaisaniemi during 1909-2008 mainly due

to the earlier (0.32 days/year) SLD. Such trends in SD and SLD were principally associated with century-long significant

warming trends (0.02 °C/year) in both SDt and SLDt. The Arctic Oscillation (AO) was the most influential climate

teleconnection for historical variations in SD, SLD, SDt, SFDt, and SLDt at Kaisaniemi.
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1. Introduction
In the boreal environment of Finland, snow plays a crucial role in land surface hydrology by storing water during

cold months and releasing it gradually as snowmelt into rivers through the spring and early summer (Mote et al., 2005).

Such snowmelt typically generates the major volume contribution to peak annual discharge in rivers and provides water

resources required for different human activities (e.g. forestry, agriculture, recreation, and energy) as well as both aquatic

and terrestrial ecosystems (Wilson et al., 2010). Altering temporal characteristics of snowmelt events (Pohl et al., 2007),

climate change significantly impacts the water resources and consequently natural environment throughout the Nordic

countries (Barnett et al., 2005). More frequent snowmelt floods in wintertime, spring groundwater level depletion, less

summertime base flow, and on the timing of snowmelt events (Barnett et al., 2008; Okkonen and Kløve, 2010). In general,

Copyright © 2019 by author(s) and Frontier Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

mailto:irannezhad@sustech.edu.cn


Region - Water ConservancyDOI: 10.32629/RWC.V3I1.134
2

such variations in regional and/or local temperatures are controlled by large-scale climate teleconnections, e.g. the North

Atlantic Oscillation (NAO), which are defined as persistent, repetitive, and large modes of pressure anomaly centers

representing the main airflow over a particular geographical region during a specific period of the year (Chen and Chen,

2003; Glantz et al., 2009).

This study aims at understanding the influences of large-scale climate signals on the shifts in snowmelt timing at the

Kaisaniemi meteorological station in southern Finland. The main objectives are to: (1) detect statistically significant trends

in the timing of snowmelt events at Kaisaniemi during 1909-2008; (2) identify the role of temperature warming in such

trends; (3) measure the correlations of the timing of snowmelt events with temperature and a number of well-known

large-scale climate teleconnections.

2. Material andMethods
2.1 Study area and data description

With the boreal climate, Finland extends about 1320 km in the south-north direction of northern Europe (Figure 1a).

Hence, the country experiences a strong latitudinal gradient in temperature, particularly during winter, which significantly

influences snow accumulation and melt processes. Both annual mean temperature and total precipitation naturally

decrease from south to north throughout Finland (Figure 1b and c). Long-term (1911-2011) average values for annual

mean temperature and total precipitation are 1.7°C (Mikkonen et al., 2015) and 601 mm (Irannezhad et al., 2014)

respectively. Snow cover duration is typically < 130 days in southern Finland, but > 205 days in northern areas (Pirinen et

al., 2012).

Figure 1. a) Map of northern Europe with Finland colored gray and maps showing the location of Kaisaniemi

meteorological station in Finland and long-term (1981-2010) average values of; b) annual mean temperature (°C); c)

annual precipitation (mm). Compiled based on Pirinen et al. (2012).

For this study, the Kaisaniemi meteorological station of the Finnish Meteorological Institute (FMI) in southern

Finland (Figure 1) was used because: (1) it has daily temperature and precipitation records covering 1909-2008, with no

missing data; (2) it is located in the maritime snow cover class (Sturm et al., 1995); (3) it includes homogenous

precipitation time series adjusted by Irannezhad et al. (2016a); (4) it previously employed by other studies related to snow
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hydrology in Finland (e.g.Irannehzad et al., 2017). This station (Kasianiemi) is geographically located at 60.18°N and

24.94°E (Helsinki city center), with an altitude of 4 m above the mean sea level. During 1909-2008, long-term average

values for annual mean temperature and total precipitation were 5.2°C and 821 mm respectively. The annual continuous

possible snow cover (snow water equivalent > 0 mm) duration was about 182 days at the Kaisaniemi station during

1909-2008 (Irannezhad et al., 2016b).

Daily adjusted precipitation and mean temperature at the Kaisaniemi station during the period 1909-2008 were used

as input to the calibrated and validated temperature-index snowmelt model (Irannezhad et al., 2015a) to simulate different

snowpack accumulation and melt processes in southern Finland. Accordingly, all snowmelt events in each water year

(September to the following August) at Kaisaniemi during 1909-2008 were identified. This study, hence, defined the

snowmelt duration (SD) as the number of days between the first (SFD) and last (SLD) snowmelt days during each water

year from 1909 to 2008. As snowmelt is highly sensitive to temperature, this study also investigated changes in

November-May (SDt), November-January (SFDt), and March-May (SLDt) mean temperatures at Kaisaniemi

corresponding to the SD, SFD, and SLD respectively.

Based on previous studies (Irannezhad et al., 2014; Irannezhad et al., 2015), six large-scale climate teleconnections

naturally influence variations in precipitation and temperature across Finland. These climate teleconnections are the Arctic

Oscillation (AO), East Atlantic (EA), East Atlantic/West Russia (EA/WR), North Atlantic Oscillation (NAO),

Polar/Eurasian (Polar) pattern, and Scandinavia (SCA) pattern. For all these climate teleconnections, the Climate

Prediction Center (CPC) at the National Oceanic and Atmospheric Administration (NOAA) in the USA

(http://www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml) calculates the standardized monthly values from January

1950. This study, hence, calculates the average of standardized monthly values for November-May, November-January,

and March-May during the water year (September-August) corresponding to the SD, SFD, and SLD respectively.

2.2 Statistical methods

To detect statistically significant (p<0.05) trends, this study applied the Mann-Kendall non-parametric test (Mann,

1945; Kendall, 1975). The slope of such detected significant trends was calculated employing the Sen (Sen, 1968) method.

The 95% confidence intervals for these slopes were computed to estimate the uncertainties with significant trends (Helsel

and Hirsch, 1992). Besides, the relationships of SD, SFD, and SLD with their corresponding temperatures (SDt, SFDt, and

SLDt) and climate teleconnections were measured using the Spearman’s rank correlation (rho) (Helsel and Hirsch, 1992).

3. Results and Discussion
At Kaisaniemi, long-term (1909-2008) average values for the snowmelt duration (SD) as well as its first (SFD) and

last (SLD) days were about 131, 106 (15 December), and 237 (25 April) respectively (Figure 2). During 1909-2008, the

SD showed a statistically significant (p<0.05) shortening trend at the rate of 0.37±0.18 (days/year) (Figure 2a) that was

primarily contributed by the substantially earlier SLD (0.32±0.08 days/year) (Figure 2c). Such decreases in SD and SLD

were principally associated with significant warming trends in SDt (0.018±0.009 °C/year) and SLDt (0.020±0.008 °C/year)

at the Kaisaniemi station over the period 1909-2008 respectively (Figure 3a and c). Although there was a statistically

significant increasing trend in the SFDt (0.015±0.013 °C/year) at Kaisaniemi in 1909-2008 (Figure 3b), no clear changes

in historical SFD were found at this station (Figure 2b). This can be explained by relatively weaker significant correlations

between SFDt and SDF (rho = -0.20) than that between SDt and SD (rho = -0.32) as well as between SLDt and SLD (rho

= -0.79) (Figure 4).

All SDt, SFDt, and SLDt at the Kaisaniemi station in southern Finland showed the most significant correlations with

the Arctic Oscillation (AO), with the rho = 0.68, 0.51, and 0.49 respectively (Figure 3). The AO was also the most

http://www.cpc.ncep.noaa.gov/data/teledoc/telecontents.shtml
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influential climate teleconnection for interannual variations in both SD (rho = -0.35) and SLD (rho = -0.35), while no clear

relationships were found between the SFD and the large-scale climate teleconnections (Figure 2). Similarly, the North

Atlantic Oscillation (NAO) showed significant positive correlations with all SDt, SFDt, and SLDt (rho ranged between

0.32 and 0.58) at the Kaisaniemi station, while negative correlations with both SD (rho = -0.25) and SLD (rho = -0.28)

(Table 1). Other significant relationships of climate teleconnections with the timing of snowmelt events and their

corresponding temperatures are given in Table 1.

Figure 2. Anomalies with significant trend line (p < 0.05) and the most influential climate teleconnection for annual

(a) snowmelt duration (SD) as well as its (b) first (SFD) and (c) last (SLD) day at the Kaisaniemi station in southern

Finland during the water years (September-August) 1909-2008.

Table 1. Spearman’s rank correlation (rho) values for snowmelt duration (SD), its first (SFD) and last (SLD) days as

well as their corresponding temperatures (SDt, SFDt, and SLDt, respectively) at the Kaisaniemi station in southern

Finland, relative to climate teleconnections influencing precipitation and temperature variability across Finland, during

1951-2008. In bold type if p<0.05.

Variable Indicator Climate Teleconnection
AO EA EA/WR NAO POL SCA

Snowmelt

SD -0.35 -0.32 -0.01 -0.25 -0.07 0.14

SFD 0.06 0.04 0.08 0.02 0.01 0.06

SLD -0.35 -0.27 0.11 -0.28 -0.10 0.15

Corresponding
Temperature

SDt 0.68 0.23 0.10 0.53 -0.12 -0.42

SFDt 0.51 0.16 0.15 0.42 -0.06 -0.06

SLDt 0.49 0.28 -0.21 0.32 0.08 -0.18



Region - Water ConservancyDOI: 10.32629/RWC.V3I1.134
5

Figure 3. Anomalies with significant trend line (p < 0.05) and the most influential climate teleconnection for annual (a)

SDt, (b) SFDt, and (c) SLDt at the Kaisaniemi station in southern Finland for the water years (September-August)

1909-2008.

Figure 4. Correlations between annual (a) SDt and SD, (b) SFDt and SFD, and (c) SLDt and SLD, at the Kaisaniemi

station in southern Finland during the water years (September-August) 1909-2008.

The AO describes the power of circumpolar vortex (Thompson and Wallace, 1998), and the NAO indicates the

strength of westerlies from the North Atlantic to the Atlantic sector of Europe (Hurrell, 1995). Accordingly, the positive

values of AO and NAO are associated with mild (warm) and wet maritime airflow over northern Europe, especially during

the cold months of the year. Besdies, Serreze et al. (2000) concluded that the NAO could be considered as the key

component of the AO. Many previous studies reported that substantial increases in the values of both AO and NAO from

1950 (Wang et al., 2005) can basically explain the warming trend in temperature across the Northern Hemisphere,

particularly during March (Jaagus, 2006; Irannezhad et al., 2015b). Such natural effects of both AO and NAO on

temperature over the Fenno-Scandinavian region of northern Europe were also reflected by the results from this study.

Previous studies concluded that a significant shortening trend in historical continuous snow cover duration (CSCD) at

the Kaisaniemi station in southern Finland was mainly due to the warmer temperatures accompanying with the positive
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phase of AO (Irannezhad et al., 2016b). Such shorter CSCD was mainly associated with the substantially earlier CSCD’s

end day (or snowmelt events) in response to the warmer spring temperatures. Irannezhad et al. (2017) also reported

decreases in annual snowfall to total precipitation ratio (S/P) at Kaisaniemi because of warmer snowfall-day temperatures

under the AO positive phases. Such declines in the annual S/P ratio can indirectly cause snowmelt duration (SD) to

shortened as less snowfall decreases the expansion and thickness of snow cover and thereby shifts the last day of CSCD

towards earlier in spring. Hence, the findings by the present study regarding shorter snowmelt duration (SD) and its earlier

last day (SLD) due to warmer March-May (spring) temperatures (SLDt) were in agreement with previous studies. To

obtain such results, however, this study focused on the timing of snowmelt events, while the previous papers analyzed

CSCD and S/P ratio at Kaisaniemi in southern Finland.

4. Conclusions
During the past 100 years (1909-2008), the snowmelt duration (SD) substantially shortened by 37±18 days at the

Kaisaniemi station in southern Finland. This was primarily because of 32±8 days earlier last days of snowmelt duration

(SLD). The main driver for such changes was a significant warming trend in March-May (spring) temperature that

strongly shifted the timing of snowmelt events toward earlier at Kaisaniemi during the water year. These warmer springs

in southern Finland were positively associated with the Arctic Oscillation (AO), which also showed significant negative

relationships with the SLD. Generally speaking, the AO played a critical role in warmer springs, earlier SLD, and

consequently shorter SD at the Kaisaniemi station in southern Finland over time.
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