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Työn tavoitteena oli kerätä Suomen saatavilla olevat sateen stabiilit isotooppitiedot ja analysoida niitä. Sadannan 

stabiileja isotooppeja voidaan käyttää merkkiaineena hydrologiassa. Sadannan isotoopeja voidaan käyttää 

esimerkiksi tutkittaessa pohjaveden uusiutumista, veden viipymisaikaa hydrologisessa systeemissä, tutkittaessa 

esihistoriallista ilmastoa sekä geologiassa. Yleisimmin merkkiaineena käytetyt stabiilit veden isotoopit ovat happi-

18 ja vety-2. Tässä työssä kerättiin sadannan isotooppitietoja 13 keräysasemalta. Sadenäytteet olivat kerätty 

Geologian tutkimuskeskuksen, Ilmatieteen laitoksen ja Oulun yliopiston toimesta. Sadenäytteiden 

isotooppikoostumus oli analysoitu Geologian tutkimuskeskuksen, Ilmatieteen laitoksen, Oulun yliopiston ja 

Helsingin yliopiston laboratorioissa. Osa Oulun keräysaseman sadenäytteistä kerättiin ja analysoitiin Picarro L2120-

i-analysaattorilla osana tätä työtä.  

 

Sadannan isotooppiarvoista määritettiin meteorisille vesille Local Meteoric Water Line- suorat, (LMWL), 

kolmelletoista keräysasemalle sekä koko Suomelle (δ2H = 7.78 δ18O + 6.83). Työssä kerättiin myös 

Ilmatieteenlaitoksen tiedostoista sääparametrit keräysasemille näytteiden keräysajalle. Työssä tukittiin myös vuoden 

aikojen, lämpötilan, korkeusaseman, leveysasteen, sadannan määrän, merellisyyden ja mantereellisuuden vaikutusta 

sadannan isotooppeihin. Myös sääparametrien lineaarista regressiota isotooppiarvoihin tutkittiin. 

 

Analyysien tuloksena havaittiin sadannan aikaisella ilman lämpötilalla olevan suurin vaikutus sadannan 

isotooppikoostumukseen. Suomessa myös leveysaste, manterellisuus, merellisyys ja erityisesti vuodenajat 

vaikuttavat sadannan isotooppikoostumukseen. Sääparametreistä haihdunnalla ja ilmankosteudella löydettiin jonkin 

verran riippuvuutta sadannan isotooppikoostumuksen kanssa, mutta tuulella ja sateen määrällä ei juurikaan. 

Määritettyjä LMWL-suoria analysoitaessa todettiin, että LMWL-suorat poikkeavat toisistaan vuosittain. Samoin eri 

vuodenajoille määritetyt suorat poikkesivat toisistaan. Analyysin perusteella LMWL-suoria määriteltäessä on 

suositeltavaa olla käytettävissä vähintään kahden vuoden sadannan isotooppitiedot. Tässä työssä kootut sadannan 

isotooppitiedot ovat käytössä jatkotutkimuksiin niin Suomessa kuin kansainvälisestikin. 
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Abstract 

 

The aim of this thesis was to collect available stable isotopic data of precipitation from Finland and analyze it. Stable 

isotopes of precipitated water can be used as traces in hydrology. They can be used to study the origin of waters, the 

mechanisms of groundwater recharge, to study meteoric waters and to study the prehistorical climate and geology. 

The most often used stable water isotopes are oxygen-18 isotope and hydrogen-2 (also called deuterium) isotope. For 

this thesis, the stable isotopic data was collected from 13 stations. The precipitation samples had been collected by 

Geological Survey of Finland, Finnish Meteorological Institute and University of Oulu researchers. The isotopic 

composition of the precipitation samples was analyzed by University of Oulu, Geological Survey of Finland, 

University of Helsinki and Finnish Meteorological Institute laboratories. Also, as part of this thesis, some of the 

precipitation samples from Oulu station was collected and analyzed with Picarro L2120-i-analyzator. 

 

To analyze precipitated water, the local meteoric water lines, LMWL, were derived for 13 collection stations and for 

Finland (δ2H = 7.78 δ18O + 6.83). Also, the weather data was summoned for collection stations to time periods 

corresponding to precipitation collection time periods from Finnish Meteorological Institute weather data. The 

isotopic data was also studied for seasonal, temperature, altitude, latitude, amount, oceanic and continental effects. 

The weather parameters linear regressions with δ18O values were also studied. 

 

According the analysis, the temperature of surface during precipitation had the strongest effect on isotopic 

composition of the precipitation. In Finland, also latitude and oceanic and continental locations and especially seasons 

affected the isotopic composition of the precipitation. Weather parameters that had some relation to δ18O values 

were evaporation and humidity. Wind speed and the amount of rain had very little relation to δ18O values. As 

LMWLs of collection stations were studied, it was found that LMWL vary from one year and a season to another. 

Thus, it is recommended to have at least two years of isotopic data of precipitation when forming the lines. The 

isotopic data of precipitation collected in this thesis is available for future studies in Finland and internationally. 
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1 INTRODUCTION 

Stable isotopes of precipitated water can be used as traces in hydrology. They can be used 

to study the origin of the waters, the mechanisms of groundwater recharge, to study 

meteoric waters and to use to study the prehistorical climate and geology. The most often 

used stable water isotopes are oxygen-18 and -16 isotopes and hydrogen-2 (also called 

deuterium) and -1 isotopes. (Kortelainen 2009 p. 4) (IAEA 2011)  

The stable water isotopes in hydrological purposes has been studied for decades, specially 

groundbreaking work was done by Dansgaard in the year 1964. In his study, he analyzied 

water samples isotopical composition and discovered correlation between isotopical 

composition of precipitation and some metorical parameters, like temperature. He also 

created Global Meteoric Water Line, GMWL, a relationship between δ2H and δ18O. 

Locally, a relationship between δ2H and δ18O in precipitation, Local Meteoric Water Line,  

(LMWL) can be created for a precipitation collection station. The LMWL is an important 

tool used in isotope hydrology. (Dansgaard 1964, p. 443). Many international researches 

have been made on stable water isotopes, early one being Craig H. (1961) Isotopic 

Variations in Meteoric Waters work and later example Gat J. R (1996) Oxygen and 

hydrogen isotopes in the hydrologic cycle and Rozanski et al. (1993) Isotopic Patterns in 

Modern Global Precipitation to name the few. 

The precipitation samples have been collected worldwide to GNIP (Global Network of 

Isotopes in Precipitation) database by International Atomic Energy Agency (IAEA) and 

World Meteorological Organization. The sample collecting began in 1961 and since then 

precipitation samples from over 1000 meteorological stations in more than 125 countries 

have been collected monthly. For most of the stations, δ18O and δ2H values were analyzed 

from precipitation, but for some stations also tritium values were analyzed. (IAEA/WMO 

2017). 

In Finland precipitation samples have been collected in the 1960’s, at five collection 

stations, to trace tritium activity. Since year 2000, isotopic samples of precipitation have 
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been collected to trace δ18O and δ2H and tritium. In 2004 Kortelainen and Karhu did the 

first study on isotopic compostion of precipitation in Finland (Kortelainen & Karhu 

2004).  

In Finland, the isotopic composition of groundwater has been studied for longer time than 

the isotopic composition of precipitation and there are more studies at that subject. The 

knowledge of the both, groundwater and precipitation stable isotopes, at study location, 

can be used to trace the waters.  

In the Universities of Oulu and Helsinki, there has been many studies in recent years that 

use stable isotopes of precipitation data as tracers of water. The stable isotopes of water 

have been used to study water flow paths in treatment wetlands (Ronkanen et al. 2007, 

2008), transit times and travel routes of river water (Niinikoski et al. 2016), groundwater–

surface water interactions (Rautio 2015) and groundwater dependence of lakes and 

peatlands (Isokangas et al. 2015, 2017), to predict spring water quality (Rossi et al. 2015) 

and to verify hydrological models (Ala-aho et al. 2015).  

The aim of this study was to collect the available stable isotopic data of precipitation in 

Finland. Also, the precipitation samples from Oulu collection station were collected and 

analyzed. The weather data for collection stations was summoned from database provided 

by Finnish Meteorological Institute. Local meteoric water lines (LMWLs) were derived 

for 13 collection stations and for Finland. Isotopic data was also studied for seasonal, 

temperature, altitude, latitude, amount, oceanic and continental effects. 

1.1 Stable isotopes of oxygen and hydrogen 

According to Merriam-Webster dictionary, the definition of isotope is: “any of two or 

more species of atoms of a chemical element with the same atomic number and nearly 

identical chemical behavior but with differing atomic mass or mass number and different 

physical properties”. (Merriam-Webster 2017) 
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The stable isotope ratios of oxygen and hydrogen are useful tools due the mass differences 

and the plentiful occurrence in the nature, for several fields of studies of past, present and 

future conditions. Dansgaard (1964) was first to discover the correlations of precipitations 

isotopic compositions with temperature, altitude, latitude, amount of precipitation, 

distance from the coast and the seasonality. These correlations can be used e.g. to study 

past climates, to study mean residence time of water in the catchment area or to study the 

global changes now and to predict the future changes. (Yongsen & Zhenghe 2011, 

Kendall & McDonnell 1998) 

Stable isotopic composition of oxygen and hydrogen are stated in delta (δ) values. The δ 

value in per mil (‰) can be calculated by Eq. (1): 

δ = (Rsample / Rstandard – 1)1000  (1) 

where    R is the ration of the heavy to light isotope  

   Rsample sample of element of interest 

   Rstandard international reference standard of known composition 

The positive value of δ, calculated by equation (1), indicates the enrichment of heavy 

isotope compared to standard sample. The negative value of δ indicates the depletion of 

isotope compared to standard sample. The standard used for the stable water isotope 

analysis is the Vienna Standard Mean Ocean Water (VSMOW). The standard is derived 

from evaporated ocean water. (Rohling 2013, p. 915) 

Oxygen has three naturally occurring isotopes of which 16O is the most common isotopes 

(99.757%) (Table 1).  Usually the 18O/16O ratio is the one used in isotope hydrology 

studies due the mass difference between these two isotopes and the abundance of 18O 

compared to 17O (Rohling 2013, p. 915). 

Hydrogen has two naturally occurring isotopes 1H and 2H. Most common in nature is 1H 

(99.989%) (Table 1). 2H isotope is also known as deuterium. Hydrogen has also third, 

unstable isotope 3H, which called tritium. Tritium is radioactive having half-life of 12.3 

years (Winter 2017). As unstable tritium decays, one of its two neutrons turn into a proton 

http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.%20Wang%20Yongsen.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.%20Xu%20Zhenghe.QT.&newsearch=true
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an it is transmuted to an isotope of helium three, 3He. During the process an electron and 

a neutrino are emitted. Tritium is synthesized naturally by cosmic neutron radiation, 

which is striking nitrogen atoms in the atmosphere forming tritium. Tritium can be also 

synthesized in the fusion reactors. Tritium is rare in natural waters having abundance of 

10-18. (Encyclopædia Britannica, 2018) (ISU Health Physics Radinf, 2018). 

Table 1. Oxygen isotopes characteristics according Winter (2017), Piana (2017) and 

Encyclopædia Britannica (2018). 

Isotope 
Number of 

protons 

Number of 

neutrons 
Mass number mass/Da 

Occurrence 

[%] 

16O 8 8 16 15.995 99.75 

17O 8 9 17 16.999 0.035 

18O 8 10 18 17.999 0.205 

1H 1 - 1 1.008 99.99 

2H 1 1 2 2.014 0.01 

3H 1 2 3 3.016 1*10-18 

   Where Da is unified atomic mass unit. 1 Da is 1.660539040(20)×10−27 kg. 

1.2 Fractionation processes 

Different isotopes of an element have some differences in their chemical and physical 

properties due to their mass difference. These differences can cause the mass-dependent 

isotope fractionation effect of the element. Hence, the fractionation processes can develop 

unique isotopic compositions. (Kendall & McDonnell 1998 p. 53). In this study, the focus 

is on the fractionation processes of water. 

Isotope fractionation process is more apparent on the isotopes that have large mass 

differences between themselves. As light elements have larger mass differences between 

their different isotopes, fractionation is more pronounced on lighter elements. There are 

two main phenomena that produce isotopic fractionations, they are non-equilibrium 

fractionation and equilibrium fractionation. Non-equilibrium fractionation is an 

https://www.britannica.com/editor/The-Editors-of-Encyclopdia-Britannica/4419
https://www.britannica.com/editor/The-Editors-of-Encyclopdia-Britannica/4419
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irreversible unidirectional reaction which separates the stable isotopes by their mass. In 

equilibrium fractionation, there can also happen back reactions as the reactants and 

products stay in contact in well-mixed closed system. (Kendall & McDonnell 1998 p. 59-

61). 

Equilibrium fractionation 

Isotopic fractionation in water systems is the separation of stable isotopes of water 

between reservoirs during the phase changes; evaporation and condensation. During the 

process, the stable isotopes become depleted in one phase and in turn enriched in the other 

phase. (Sondemann 2006, p. 7) 

Equilibrium effects are the mass dependent effects of water molecules. For example, for 

oxygen heavier 18O molecules are slower in diffusion velocity and they have stronger 

bonds than 16O molecules. Due to these effects, the evaporation favors isotopically lighter, 

16O molecules, leaving 18O enriched water body behind. In turn, as the vapor condensates 

to droplets and to precipitation, the 18O molecules are favored. This leads the vapor 

depleted in 18O molecules. The phase changes area fully reversible and the isotopic 

equilibrium can be reached given enough time for reactions to happen. The process is 

called equilibrium fractionation (Sondemann 2006, p. 8,9) 

Rayleigh distillation 

Rayleigh distillation is fractionation through distillation process. It causes the isotopic 

enrichment or depletion in reservoir. Rayleigh distillation can happen during evaporation 

or freezing the water. (Clark & Fritz 1997, p. 55) 

In global moisture transport, most of the water is evaporated from the surface of the 

subtropical oceans. The evaporated water has both heavier 18O molecules and lighter 16O 

molecules. The cold air can hold less moisture than the warm and as the air temperature 

decreases, the moisture condenses to droplets. The droplets rich on heavier 18O molecules 
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precipitate first, leaving moisture depleted of 18O molecules. As moisture mass moves to 

the colder, polar regions, it gets more and more depleted in 18O. (Piana 2017) 

The depletation of 18O in global moisture transport can be presented with Rayleigh 

equation.  A simplified presentation of Rayleigh distillation affecting the δ18O value 

during rainout is presented in Fig.1. At the beginning, temperature is +25°C and at the 

end it is -30°C. As temperature decreases, the moisture content of the rain clouds 

decreases and the δ18O values get more depleted.. The initial vapor has δo
18Ov= -10‰, 

after 50% of the original vapor has rained out, δ18Ov(0.5)= -16.5‰ and when 90% of the 

original vapor has rained out, δ18Ov(0.1)= -31.6‰. (Clark & Fritz 1997, p. 48)  

 

Figure 1. The change in the 18O content of rainfall according to a Rayleigh distillation 

accordance to Clark & Fritz 1997. At the temperature of 0°C, rain-vapor fractionation is 

replaced by snow-water vapor fractionation. 
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The general form of Rayleigh distillation is presented in Eq. (2) (Clark & Fritz 1997, p. 

41)  

R=Rof
(α-1)  (2) 

Where   R is isotope ratio in diminishing reservoir 

   Ro is initial isotope ratio 

   f is fraction 

α is the equilibrium fractionation factor,  

which is 

𝛼 =  
𝑅𝑟𝑒𝑎𝑐𝑡𝑎𝑛𝑡

𝑅𝑝𝑟𝑜𝑑𝑢𝑐𝑡
           (3) 

Example of fractional factor for 18O water-vapor, is presented in Eq. (4) (Clark & Fritz 

1997, p. 21).: 

𝛼18𝑂𝑤𝑎𝑡𝑒𝑟−𝑣𝑎𝑝𝑜𝑢𝑟 =
(18𝑂/16𝑂)𝑤𝑎𝑡𝑒𝑟

(18𝑂/16𝑂)𝑣𝑎𝑝𝑜𝑢𝑟
          (4) 

The fractionation process causing the ratio of light and heavy isotopes to change from 

phase to another is presented in the Fig. 2 

 



16 

 

 

Figure 2. The fractionation process causes the ratio of light and heavy isotopes to change 

from phase to another. This happens with water evaporation to the clouds; the heavier 

water isotopes (water with heavy oxygen H2
18O) are concentrated to ocean as lighter 

isotopes evaporate to vapor. The ocean is depleted in H2
16O (light oxygen water). 

(Modified based on Paleoclimatology, 2017) 

Non-equilibrium fractionation 

Non-equilibrium fractionation is also so called kinetic fractionation. When evaporation is 

affected by kinetics such as wind, turbulence, salinity or humidity, the evaporation 

becomes non-equilibrium process. Deuterium excess, d-excess, is defining the effects of 

non-equilibrium fractionation. Deuterium excess is characterized by d -value which can 

be calculated to any precipitation sample by the Eq. (5) (Clark & Fritz 1997, p. 45) 

d = δ2H -8 δ18O          (5) 
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1.2.1 Global Meteoric Water Line and Local Meteoric Water Line 

In early 1960’s Craig (1961) analyzed with mass spectrometry around 400 samples of 

water from precipitation, lakes and rivers from all over the world. His goal was to 

establish the relationship between the isotopic composition of oxygen and hydrogen in 

meteoric waters. As a result of his study, Craig found out that the non-evaporated 

freshwaters, has a relationship between δD and δ18O which is eq. (6): 

δD = 8 δ18O + 10          (6) 

This equation is known as Global Meteoric Water Line (GMWL). 

The GMWL he produced was basically an average of waters that have local isotopic 

composition. Locally the climatic factors, like seasons, temperature, evaporation and the 

origin of the vapor mass affect the isotopic relationship and thus the linear correlation 

between δD and δ18O. The Local Meteoric Water Line (LMWL) can be produced from 

the local isotopic data. (Clark & Fritz 1997, p. 51). 

Rozanski et al (1993) calculated GMWL for precipitation as addition to global meteoric 

water line that Craig calculated from fresh waters. The GMWL was calculated from 

precipitation data of 219 collection stations, from IAEA/WMO isotope database. The 

relationship between long-term global annual means of 18O and 2H isotopes in 

precipitation is shown in Fig. (3). The equation derived from 206 stations in is presented 

Eq. (7) and the equation from 205 stations weighted by amount of precipitation is 

presented in Eq. (8). (Rozanski et al. 1993, p. 25) When weighted by amount of 

precipitation, the slope of the equation stays almost the same, in the intercept value there 

is some increase. Compared to GMWL, both the slopes and the intercept values are bigger 

than in GMWL. 

δD= 8.17(±0.06) δ18O +10.35(±0.65)                        (7) 

δDW = 8.20 (±0.07) δ18O +11.27 (±0.65)         (8) 
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Figure 3. The relationship between long-term global annual means of 18O and 2H isotopes 

in precipitation. (Rozanski et al. 1993, p. 30) 

The best linear fit from local δ2H and δ18O values represented is Eq. (9) (Gat 2010, 63). 

δD = a δ18O + b                               (9) 

This equation is for the Local Meteoric Water Line, LMWL. With LMWL local isotopic 

relations can be represented. Generally, for LMWL of coefficient “a” differs from the 

value eight in GMWL, being in most of the cases smaller than 8 (Gat 2010, p. 63). 

Examples of LMWLs that Gat made based on monthly averaged values from GNIP’s data 

sets and compared them with GMWL values, are shown in Fig. 4 (Gat 2010, p. 63). 
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Figure 4.  The Local Meteoric Water Lines of GNIP stations: a) Flagstaff, Arizona, 

U.S.A, b) Ottawa, Ontario, Canada and c) Tokyo, Japan. Also, the GMWL is presented 

in graphics as comparison to LMWL (Gat 2010, p. 64). 

As seen in Fig. 4, the local meteoric water lines can vary quite much depending on 

locations. Seasons, amount of precipitation, origin of water vapor and especially the 

temperature has effect on LMWLs.  
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1.2.2 Local meteoric lines of waters in Finland 

The isotopic data of δ2H and δ18O of precipitation has been collected in Finland since 

2000 in Espoo, 2003 in Rovaniemi and 2005 in Kuopio stations. These stations are also 

part of the Global Network for Isotopes in Precipitation (GNIP) programme. By using the 

data from these stations, Kortelainen derived an equation for the national scale meteoric 

water line presented in Eq. (10) (Kortelainen 2007, p.19, 21) 

δD= 7.67 δ18O +5.79‰        (10)                

Kortelainen also studied the relation between isotopic values of groundwater and 

precipitation. The conclusion of the study was that there was no significant difference 

between the oxygen and the hydrogen weighted mean annual isotope ratios and that the 

δ18O distribution gathered from groundwater data can be used to estimate the mean annual 

composition of the precipitation. (Kortelainen 2007, p. 32) 

Since Kortelainen’s work in 2007, more isotopic data of precipitation of several collection 

stations has been collected in Finland. The data is gathered, and analysis made in this 

work. 

1.3 Factors affecting isotopic composition of precipitation 

The isotopic composition (δ18O and δ2H) of precipitation varies in global scale. The 

differences result from temperature, season, altitude, latitude, amount of precipitation, 

distance from the oceans, the type of the climate and the source of the moisture.   

1.3.1 Temperature 

In numerous studies over the years, it’s been shown that the stable isotopes of oxygen and 

hydrogen in precipitation have correlation with temperature. In 1964 Dansgaard created 

a correlation equation between the annual surface temperature and the annual mean of 
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δ18O (Fig. 5) and another for the annual surface temperature and annual mean of δ2H. The 

equation for δ18O correlation is presented in equation (11) and for δ2H in Eq. (12) 

(Dansgaard 1964, p. 443). 

 

Figure 5. The linear relationship between the annual surface temperature vs annual mean 

of δ18O (Dansgaard 1964, p. 443).  

δ18O = 0.695ta – 13.6% SMOW  (11) 

δ2H = 5.65ta – 100% SMOW  (12) 

where    ta is annual mean temperature 

   SMOW is Standard mean ocean water. 

 

The relationship between the annual surface temperature and annual mean of δ18O is not 

always as linear as Dansgaard indicated in 1964. There are factors that can affect the 

relationship like the closeness of the ocean. The mean δ18O and δ2H values of 

precipitation are lower at the continental stations than in costal stations with the same 

temperature. (Yurtsever & Gat 1981, p.113). 
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Akers et al. (2017) conducted a study of the relationship between the temperature and the 

oxygen isotopes of precipitation. In their study, they had 6177 weeks of isotope data of 

precipitation and air temperature data from same dates from 25 stations across the eastern 

and central United States. They found out that the monthly averaging of temperature and 

isotopic data can blur any potential effects of short-term weather changes. Also, it was 

found that the δ18O values showed clear a temporal and spatial relationship with surface 

temperature. The temperature relationship was steeper in cooler precipitation events than 

warm events. In addition, they found wide sub annual variability of δ18O. As result of 

their study, Akers et al raised a question of some other, yet unidentified, environmental 

factor that varies with seasons, is the cause of variability of δ18O instead of temperature. 

(Akers et al. 2017)   

In Finland Kortelainen (2009) has studied the isotopic composition of precipitation and 

surface temperature’s relationship in Olkiluoto located in the coast of Baltic sea. 

Kortelainen found out that contrary to the inland precipitation, the Olkiluoto station has 

rather weak temporal and spatial relationship between surface temperature and the 

isotopic composition of precipitation. Also, the isotopic composition varied seasonally 

less in the coast location compared to inland locations. (Kortelainen 2009). 

1.3.2 Altitude 

The altitude effect is important to take account when examining isotopic composition for 

a case with large altitudinal ranges. (Windhorst et al 2013, p. 409). The International 

Atomic Energy Agency (IAEA), in co-operation with World Meteorological 

Organization (WMO), have collected hydrogen and oxygen isotopic data from 

precipitation since 1961. From this data Yurtsever and Gat (1981) calculated the altitudal 

effect permille. The data was collected from 144 stations, of which island stations were 

generally located between altitude of 20°N and 20°S, coastal stations between 40°N and 

10°S and continental stations were majorelly located between 70°N and 30°S. Most of 

the stations were located between sea level and 100 meters above sea level, though 20% 
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of the stations were located above 500 meters above sea level. (Yurtsever & Gat 1981, p. 

105). 

From this data typical altitude effect was decrease of δ18O values between 0.15 and 0.5‰ 

per 100 meter and of δ2H between 1.5 and 4‰ per 100 m. Thus generally δ-values of 

precipitation are more negative in higher altitudes. The magnitude of the altitude effect 

depends also on climate and the topography of the location. (Yurtsever & Gat 1981, p. 

115). 

The altitude effect has been studied in several papers. Windhorst et al. (2013) studied the 

altitude effect on precipitation in a south Ecuadorian mountain catchment along the 

hillside from 1800 to 2800 meters above sea level. In their study they collected the data 

from 17 papers. As a result of this data, the altitude effect was found out to be -0.09 − -

0.6‰/100m for δ18O and -0.6 − -4‰/100m for δ2H. (Windhorst et al 2013, p. 416).  

1.3.3 Latitude 

The stable isotopic composition of precipitation is more depleted at higher latitudes due 

increased rainfall and cooler temperatures. This effect is called the latitude effect. 

(Kendall & McDonnell 1998, p. 102). 

Kortelainen et al. (2004) studied the isotopic composition of oxygen and hydrogen in 

Finnish groundwaters. In their study they found out that the δ18O and δD values decreased 

towards north having the change of 0.53‰/°C for δ18O temperature coefficient. In the 

study the correlation between the temperature and the isotopic composition of the water 

was found out. The study showed the latitude effect as the δ18O got more depleted toward 

north. (Kortelainen & Karhu, 2004) 

The latitude effect has relation with annual mean temperatures and has values of about 

∆18δ ≈ – 0.6‰/degree of latitude for Europe and the USA in costal and continental 

stations. For colder regions, it increases being up to –2‰/degree of latitude in the 

Antarctic continent. (Gat 2001, p. 197) 
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1.3.4 Amount of precipitation 

The amount effect of precipitation is related to the amount of the rain; the larger it is, the 

isotopic composition becomes more depleted (Dody & Baruch, 2013). The amount effect 

of the precipitation was first discovered by Dansgaard in 1964, who found out that the 

amount effect can be detected in tropics and at the summer season in mid latitudes. 

Moving towards the higher latitudes the effect becomes less evident, being absent in polar 

regions. In his study Dansgaard stated that the amount effect of the precipitation is a 

complex process and that there are probably several factors that are contributing to the 

effect. (Dansgaard 1964, p. 445-446) The amount effect described by Dansgaard was 

confirmed from larger dataset by Rozanski et al. in 1993.  

In more recent studies the factor behind amount effect in precipitation, has been 

highlighted to be unsaturated downdrafts. The processes occurring in the unsaturated 

downdrafts altering the isotopic composition of the falling precipitation are called direct 

effects. The relative humidity, precipitation rate and the average drop size increase in the 

downdrafts as the convection strength intensifies. This leads to the decreasing of the 

overall evaporation which in turn leads to lighter, more depleted rain and thus the amount 

effect. (Moore et al. 2014, p.1) 

1.3.5 Distance from ocean 

The distance from the ocean is affecting δ18O values of precipitation as they become more 

negative as moving towards inland from the coastal area. The effect is due the 

precipitation favoring heavy isotopes and the moisture being precipitated as airmasses 

move towards inland, leaving moisture depleted in δ18O. The effect is also known as the 

continental effect. Effect varies from area to area and from season to season and it has a 

strong correlation with temperature. In Europe, in winter season, the change in δ18O 

values from Irish coast to the Ural Mountains is in average 7 ‰, being less in summer 

season. (Gat 2001, p. 200) 
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The Finnish climate has both continental and marine features since it is located between 

Atlantic Ocean and Eurasia continent (Kerasalo & Pirinen 2009, p. 8-9). On the other 

hand, Finland is narrow country and there are no significant changes in climate as moving 

from west towards east to Eurasia continent.  

1.3.6 Seasonal variation in climate  

The seasonal effect is closely dependent on temperature. Locally different seasons will 

cause changes in rain patterns and temperatures, hence also changes in isotopic 

composition of precipitation. Also, the different amounts of rain in different seasons have 

effect. (Gat 1996, p. 244-245). At the regions with rainy summers and dry winters (often 

locating low latitude) the seasonal effect is often due to the amount effect. In tropical 

ocean islands, the temperature effect can be 0 ‰/°C, making the amount effect more 

ruling effect. In some higher latitudes temperature has affect up to 0.5 ‰/°C making that 

dominant effect.  (Dansgaard 1964, p. 446). The seasonal variations are also more 

pronounced in continental environment. The closeness of the ocean decreases the effect. 

(Clark & Fritz 1997, p. 72) 

In Finland, there are four seasons. The annual mean temperature is +5 °C in the southern 

Finland and −2 °C in the northern parts of the country. The different seasons, especially 

summer and winter, have different lengths in various parts of the country. (Finnish 

Meteorological Institute 2017B). As Finland is in high latitudes, has four seasons and 

temperature differences between the seasons; the seasonal effect is observable in Finland. 

The seasonal effect has been shown in Kortelainen et al. (2004) studies where the isotopic 

composition of precipitation was studies on Espoo site in southern Finland. In the study 

precipitation samples were collected from November 2000 to end of October 2002. It was 

found out that the δ18O and δD values fluctuated within the year being lowest during 

autumn and the winter and highest during summer months. (Kortelainen & Karhu 2004) 
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1.3.7 Source of the atmospheric moisture 

The source of the atmospheric moisture is a factor for isotopic composition of the 

precipitation. The isotopic composition of precipitation is representing the source of the 

evaporation, the atmospheric circulation of air masses and condensation of the moisture. 

At the source of the evaporation, the meteorological conditions such as relative humidity 

and the sea surface temperature, control the kinetic effects magnitude during the 

evaporation. (Araguas-Araguas et al. 2000) 

The atmospheric moisture to Finland comes with airmasses, that move with jet streams 

and winds. In Northern Hemisphere there is the polar jet stream that passes through lower 

layers of the atmosphere bringing westerly winds. The polar jet stream is appearing to be 

wavy as cold air from Arctic sinks deflecting warm air. (Schindler 2014) 

The wind rose represents the direction of the wind and strength of it. The wind roses for 

five Finnish sites are presented in Fig. 6. From the Fig. 6 can be seen that most of the 

wind in Finland is from the direction of from the south to west. There is also winds 

directly from east. The wind carries the moisture and the clouds thus the precipitation 

comes often from the direction of the wind. (Finnish Meteorological Institute 2010)  
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Figure 6. The wind roses for five locations in Finland 1999-2008 (Finnish Meteorological 

Institute 2010)  
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1.4 Global distribution of stable oxygen and hydrogen isotopes in 

precipitation 

Global Network of Isotopes in Precipitation (GNIP) have been collecting worldwide 

isotopic data of precipitation since 1961.  The purpose of collecting stable isotopes and 

tritium data from precipitation, is to define temporal and spatial variations of isotopes in 

the world. Since start of the sample collecting, over 1000 collection stations have been 

used worldwide to collect over 115000 monthly precipitation samples. Generally, the 

samples from the stations are analyzed for deuterium and oxygen-18, some for tritium. 

The isotopic database build by GNIP have been used in many studies for example in 

hydrological and water resources investigations, building atmospheric circulation models 

and studying climate in regional and global scales. (IAEA 2015).  

Many studies have been made by using GNIP data to illustrate the global distribution of 

deuterium and oxygen-18. In 1981 Yurtsever and Gat created graphical presentation of 

the worldwide distribution of annual mean δ18O of precipitation based on 144 GNIP 

stations that have at least two years of data collected (Yurtsever Y & Gat J T 1981, p.105). 

In 2002 Bowen and Wilkinson derived a model mapping oxygen-18 of precipitation, 

which also incorporated basic geographic parameters into it. In their model, they used 

average amount-weighted annual oxygen-18 values from precipitation of 232 stations. 

The graphical presentation of the model’s oxygen-18 values is presented in Fig. 7. 

(Bowen & Wilkinson 2002, p. 315) 
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Figure 7. The graphical presentation of δ18O value distribution in the world scale derived 

from the model by Bowen and Wilkinson (2002). 

As can be seen in the Fig. 7, generally, the δ18O values are more negative towards the 

poles, this is the latitude effect. The result has been same in the other studies. Also, to δ2H 

values are more negative towards the poles. The stable oxygen and hydrogen isotope 

values vary in various locations of the world due to climate and topographical features 

which can also be seen in the Fig. 7. The weighted by amount of the precipitation annual 

δ18O and δ2H values in Europe has been presented in Fig. 8. 

                                                                 
Figure 8. The weighted by amount of the precipitation a) annual δ18O and b) annual δ2H 

(IAEA 2001).  

a) b) 
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1.5 Applications of stable isotopic data of precipitation 

The study of the differences of isotopic composition in precipitation due to temperature, 

altitude, latitude and oceanic effects has practical applications. The isotopic composition 

varies in different water sources and locations, giving information that can be used in 

different studies. 

Stable isotopes can be used to estimate the evaporation rates as isotopes fractionate while 

the phase changes. Stable isotopes can also be used to estimate the water travel time 

through a watershed. The correlation between the seasonally varying temperature and the 

stable isotopic composition of meteoric waters can be as a signal for estimating water’s 

travel time. For this purpose, isotopic data from the precipitation should be well-

monitored for at least a year, longer period preferred. (McGuire & McDonnell, 2007 pp. 

356-363) 

The sources and the mechanisms of groundwater recharge can be studied using the 

isotopic composition of groundwater which reflects the isotopic composition of its source. 

If the isotopic composition of groundwater differs from local precipitation, the source of 

water is usually surface water. In temperate climates with seasonal variations in isotopic 

composition of precipitation, the variations are evened in groundwater by infiltration 

process. In these areas the weighed mean annual isotopic values of precipitation are used 

to study recharge of the groundwater. In the areas where there are pronounced seasonal 

variations, the seasonal variations of precipitations isotopes can be used to estimate 

recharge rate. The groundwater is often a mixture of surface water and precipitation. The 

knowledge of isotopic composition and the sources of groundwater can help managing to 

keep the groundwater clean and sufficient. (Kortelainen 2009 p. 4, IAEA 2011) 

The isotope data of precipitation can be used in prehistorical climate and geology studies. 

From the isotopic composition of precipitation correlation with temperature and amount 

of the rain, the past climates can be assessed. Isotopic data collected from precipitation 

worldwide during last decades is giving a valuable tool in studying the past climates. The 
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palaeo-precipitation preserved in natural archives, can be used to study past climates and 

climate changes. In very favorable circumstances palaeo-precipitation data is able to give 

past climate data even in annual accuracy. Very good sources of palaeo-precipitation are 

polar ice cores and glaciers. (Rozanski & al. 1997, p. 741) 

 In the studies of paleoelevation change, the linear relationship between the isotopic 

composition of precipitation and the change in the altitude can be used to estimate 

changes in paleoelevation of a mountain range or plateau. The estimation is done by 

studying the minerals isotopic composition which is leading to the isotopic composition 

of the water the minerals formed from. The composition can be used to estimate the 

elevation changes of the ground. (Poage & Chamberlain 2001, p. 1-10) 

In field of global change science, the stable isotope ratios of oxygen and hydrogen of past 

and present precipitation are used to study climate and the change of it. In the studies the 

key climatic parameters, such as temperature and amount of precipitation and their long-

term fluctuations are studied from isotope records conserved in continental archives. As 

long-term fluctuations of the climatic parameters are known in a given are, changes in 

past and present climates can be evaluated. (Araguas-Araguas et al. 2000) 

Deuterium excess values can be potential parameters to use in climatic studies. D-excess 

values can be used to identify the oceanic source of the precipitation and to identify 

different sources of the air mixture. Deuterium excess values can also be used to estimate 

partial evaporation. (Froehlich et al. 2002 p. 11) 
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2 METHODS AND DATA ANALYSIS 

2.1  Precipitation monitoring stations 

In this work, precipitation isotope data was gathered from 17 stations in Finland (Fig. 9). 

Samples from Oulu, Rokua, Oulanka, Nuoritta and Pallas and a part of the samples from 

Kevo have been collected by researchers from University of Oulu. Samples from Kevo, 

Evo, Hietajärvi and Sodankylä have been collected by University of Helsinki and by 

Finnish Meteorological Institute. Monthly δ18O and δ2H data was collected from ten 

stations: Rovaniemi, Espoo, Kuopio, Oulu, Sodankylä, Kevo, Evo, Hietajärvi, Olkiluoto 

and Nuoritta. Event-based precipitation samples were collected from Oulu, Kevo and 

Oulanka stations. In addition, event-based precipitation samples for 18O analysis were 

collected from Pallas. There are also 24 samples between 3/2010 and 11/2014 available 

from Rokua that were analyzed for 18O and 2H. There was also δ3H data available from 

Finland that was collected in 1960’s. The collection stations were Nellim, Pelkosenniemi, 

Sodankylä, Laukaa and Jalasjärvi. The measurement stations, their coordinates and 

measurement dates are presented in Appendix 1. 

For Espoo station, there was monthly data available from November 2000 till end of 2016. 

Espoo is located on the southern coast line of Finland, by the Baltic sea. Espoo was the 

most southern monitoring station in this study.  

Evo station is located on lake rich area about 90 kilometers from Baltic Sea. There was 

monthly δ18O data available for Evo station from January 2004 till end of 2012. Evo 

station data was used to calculate different weather parameters correlations with δ18O 

values.  

Olkiluoto collection station is situated south western Finland, by the Baltic Sea. The 

climate in Olkiluoto is affected by the closeness of the sea. For Olkiluoto station there 

was monthly data available from January 2005 till end of 2012. Eleven months of isotopic 

data were missing. 



33 

 

For Kuopio station there was data available monthly from January 2000 till the end of 

2016. Kuopio is located inland of Finland, on area having characteristically lakes and 

hills. 

Hietajärvi collection station is the most eastern station. It is located in the lake rich area, 

in continental type location. For Hietajärvi station there was monthly data available from 

January 2004 till the end of 2012. One month isotope data was missing. 

Rokua is situated about 65 kilometers from the sea. The area has lakes and forests. For 

Rokua station there was occasional event-based/monthly data available from fall 2010 to 

fall 2014, mostly during summer half of the year. 

Oulu station is situated by the Gulf of Bothnia. For Oulu station, there was monthly data 

available from May 2015 till the end of November 2015 and from April 2016 till the end 

of 2016.  There was also isotopic data from event-based samples, collected from the same 

point as monthly samples, starting from June 2014. The event-based samples are missing 

from period 26.5.2015 to 30.7.2015. 

Nuoritta is situated in the middle of the Finland. From Nuoritta station there was monthly 

data available from May 2013 till the mid of October 2014. There was no monthly sample 

collection during the winter months.  

Oulanka collection station is situated in the eastern Finland. The area has forested hills 

and waterways. For Oulanka station there was event-based data available for two summer 

periods; June to August in 2013 and 2014. 

For Rovaniemi station there was monthly data available from November 2003 until the 

end of 2016. Isotopic data was missing for five-month points. Rovaniemi is located in 

Arctic Circle, about 100 kilometers from the coast. Within a year temperature can vary 

considerably, for example in 2005 the maximum temperature was +28.1 °C and minimum 

-28.5°C. 
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Sodankylä is located in an inner land of northern part of Finland. For Sodankylä station 

there was monthly data available from January 2004 till the end of 2012. There was 

isotopic data missing for three months. 

Pallas monitoring station is located to the highest altitude of all the stations; to 340 meters 

from sea level. It is located 200 km from Norwegian sea and the climate has an affect 

from Scandinavian Mountains. For Pallas station there was weekly δ18O data available 

from January 2004 till the end of 2011. There were quite many results missing, in total 

111 week results, mostly from the early years of data collecting. 

Kevo is the most northern collection station is this study. It is located about 90 kilometers 

from Barents Sea. On the station, there is also long winters and low yearly average 

temperature, -1.7°C (1980-2010). Also, there is on average less precipitation than other 

parts of Finland, being on average 509.5mm/year (1980-2010). (Finnish Meteorological 

Institute). For Kevo station there was monthly data available from January 2004 till the 

end of 2012. There is also isotopic data from event-based samples, collected from the 

same point as monthly samples, from 25.4.2013 to 13.10.2013. 
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Figure 9. The locations of the precipitation sample collection stations. From the samples, 

the isotopic composition was analyzed. 
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2.2 Sample collection methods 

For this study, the results of the precipitation samples collected from several locations, 

were used. The IEAE/GNIP has a guide for precipitation sample collection. In the guide, 

there are instructions for sample collection and the main considerations of the sample 

collection are listed. These are evaporation prevention, representativeness of the sample 

and logistical and safety aspects. There are also descriptions of samples collectors that 

can be used both for rain and snow. (IAEA/GNIP 2014) 

Precipitation samples from Oulu were collected from the collection station located at the 

roof of the University of Oulu. Samples were collected after a precipitation event. Also, 

monthly samples were collected. The rain sample collection containers are presented in 

Fig. 10 a). The cylindrical vessel in the front, is for monthly sample collection and it 

prevents evaporation. The collector behind it, is an event-based rain collector which 

consists of the collection container and of the funnel with light ball on the bottom to 

prevent evaporation. It is emptied after the precipitation event. In Fig. 10 b) is the box for 

event-based collection in the winter time when most of the samples are snow. After the 

event, the collection box is taken to the room temperature, it is covered to prevent 

evaporation and the snow is let to melt to water before the sample is taken. There is also 

a monthly collection vessel for winter time. At the end of the month it is taken to room 

temperature and the content is let to melt. The water samples are collected to air tight 

tubes and stored to refrigerator until they are analyzed.    
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Figure 10. a) The summertime monthly precipitation collection box and event-based 

cylinder for precipitation collecting and b) wintertime sample collection vessel in Oulu 

station. (Photo Kirsi Kyllönen 2017) 

 

 

 

 

 

 

 

a 

b 
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2.2.1 Precipitation sample analysis 

The analysis of the isotopic compositions of samples from Oulu, Rokua, Oulanka, 

Nuoritta, Pallas and part of Kevo, was done with Picarro L2120-i analyzer at the 

laboratory in University of Oulu. The analyzer uses wavelength scanned cavity ring-down 

spectroscopy technique to measure the isotopes from the samples. In analysis, the liquid 

water samples are converted to vapor phase and the vapor is analyzed in the laser cavity. 

(Picarro, 2012) The Picarro analyzer is presented in Fig. 11. Other precipitation samples 

have been analyzed by Geological survey of Finland, by University of Helsinki and by 

Finnish Meteorological Institute. 

 

Figure 11. Picarro L2120-i analyzer at Oulu university’s laboratory. (Photo Kirsi 

Kyllönen 2018) 
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2.2.2 The weather data 

The weather data used in this study was provided by Finnish Meteorological Institute. 

The weather data had daily data of rain and evaporation sums, average of wind, relative 

humidity, total radiation and temperature. Also, the maximum, minimum and average 

temperatures were provided. For collecting the essential data from all the data provided, 

some steps were taken. First, the grid point with data was matched with the coordinates 

of the collection station. Secondly, the data within precipitation sample collection period 

was extracted from the data file. This was done separately for temperature and 

precipitation amount data. The weather data was further treated as needed e.g. calculated 

from daily to monthly data. 

2.3 Data analysis 

2.3.1 Local meteoric water lines 

The local meteoric water lines, LMWLs, were derived locally from the isotopic data of 

precipitation. The calculations were done by using Excel program by fitting a regression 

line to the δ18O and δ2H data. As a result, the LMWL line and equation was produced to 

the data collection stations. Also, the R2 coefficient was calculated so that the goodness 

of the fit could be estimated. 

The linear regression analysis for isotopic data and weather data were done using Excel 

program by fitting a regression line to δ18O and the weather data. The correlation analysis 

between monthly δ18O and the monthly average temperature was done by drawing time 

series by Excel program and comparing the graphics. 
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3 RESULTS AND DISCUSSION 

In this work, precipitation isotope data was gathered from 17 stations in Finland (Fig. 9). 

The tritium data was not used for analysis so the isotopic data of 13 stations was used for 

analysis. Samples have been collected by researchers from University of Oulu, University 

of Helsinki and by Finnish Meteorological Institute. Some of the data from Rokua, 

Oulanka and Nuoritta have already been published (Isokangas et al. 2015, 2017 and Rossi 

et al. 2015). Samples from Rovaniemi, Kuopio, Espoo and Olkiluoto have been collected 

by Geological Survey of Finland and been partly published (Kortelainen 2007 and 2009). 

In this work LMWL was determinate for 12 stations and Rovaniemi station was future 

studied for yearly and seasonally LMWL variations. The effect of different weather 

parameters on δ18O values was studied by using the data from Evo station. The Kevo 

station data was used to study further the temperature effect. The amount effect of 

precipitation was studied by using the δ18O from Pallas station. The seasonal effect was 

studied by using the monthly average δ18O values from Espoo, Kuopio, Rovaniemi and 

Kevo stations and by further studying the seasonal effect on LMWLs on the same stations.  

3.1 LMWLs of the collection stations 

Isotopic data collected from the different stations has variations in collection periods and 

frequencies. It is recommended that the collection time of the local precipitation is at least 

a year when the isotopic data is used to produce LMWL. This is especially important in 

climate regions with seasonal variations like in Finland. In this work LMWLs were 

determined also to shorter data collection periods, but these should be considered as 

approximations. The LMWLs determined in this work are not weighted by the amount of 

the rain.  

LMWLs of the Finnish collection stations are presented on the map in Fig. 12.  
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Figure 12. Local meteoric water lines, LMWLs, of collection stations. 
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LMWL for Finland from all the monthly collected data was also calculated. LWML for 

Finland is presented in Fig. 13. Based on the isotopic data the equation for Finland LMWL 

is: 

δ2H = 7.78 δ18O + 6.83 

with R2 = 0.98 

 

Figure 13. LMWL for Finland as calculated from the data collected from all the stations. 

When only the collection stations having at least 2 years of monthly data are taken to 

calculations, the equation for Finland LMWL is: 

δ2H = 7.77 δ18O + 6.79 

δ2H = 7.776δ18O + 6.8293
R² = 0.9832
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3.1.1 Rovaniemi LMWL 

Based on the whole data set from November 2003 to December 2016, the LMWL for 

Rovaniemi is (Fig. 14) 

δ2H = 7.67 δ18O + 4.54 

with R2 = 0.98 

 

Figure 14. LMWL for Rovaniemi determined using the data from the November 2003 to 

December 2016. GMWL is presented as reference. 

To study further the yearly changes, the LMWL was calculated to data sets for years 

2005-2016. The results are presented in table 2. There is a noticeable difference in 

intercept values between the years while slope value change is more moderate. To 

eliminate yearly changes when determining LMWL for seasonal locations, long data sets 

are preferred. 
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Table 2. LMWL determined separately for each year from 2005 to 2016 in Rovaniemi 

 station. 

Year Slope Intercept d-excess 

2005 8.04 9.53 9.0 

2006 7.38 -1.50 7.0 

2007 8.14 11.36 9.4 

2008 8.16 11.20 9.1 

2009 7.72 5.45 9.3 

2010 7.69 6.12 10.7 

2011 7.85 6.61 8.7 

2012 7.81 7.01 9.8 

2013 7.57 2.53 8.3 

2014 7.80 6.64 9.5 

2015 7.81 6.18 8.7 

2016 7.44 0.13 7.9 

 

At table 2 can be seen that also the d-excess values vary from year to year. The d-excess 

values reflect the primary conditions of the evaporation of the source moisture. Also, the 

source of evaporated water and secondary processes like evaporation and recirculation of 

moisture have effect on d-excess values. (Clark & Fritz 1997, p. 45, 52, Froehlich et al. 

2002 p. 11). 

Year 2006 had the lowest d-excess and the intercept value of the study period in 

Rovaniemi. According to Finnish Meteorological Institute, year 2006 was exceptionally 

warm in Finland and the summer time, specially July, there was exceptionally dry. 

Rovaniemi had the coldest recorded temperature in Finland for February 2006, -36,7°C. 

(Finnish Meteorological Institute 2018). The summer period and yearly amounts of 

precipitation and average temperatures for Rovaniemi between years 2005 to 2016 are 

presented in the table 3. From the table 3, can be seen, that the summer months 

precipitation sum in year 2006 is the smallest of all the years. The whole year’s 
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precipitation sum is third smallest. The summer months average temperature was the 

second warmest and the whole years eights warmest of the all the years analyzed. The 

year 2006 had dry and warm summer in Rovaniemi. These weather parameters can be 

explanatory factors behind low d-excess and intercept values for year 2006. Comparable 

results were found also by Vodila et al. in 2011. In their study in Eastern Hungary they 

found out that the LMWL’s slope and intercept values in the same site varied between 

the years, having the values lower in the years when there was secondary evaporation. 

(Vodila et al. 2011) 

Table 3. The summer months and yearly amounts of precipitation and average 

temperatures for Rovaniemi between years 2005 to 2016. 

Year 

 

Sum of 

precipitation 

mm  

June, July, 

August 

Year total 

precipitation 

mm 

Average 

temperature 

°C  

June, July, 

August 

Year 

average 

temperature 

°C 

2005 175 790.8 15.5 3.0 

2006 86.5 660.7 15.7 2.3 

2007 226.6 929.9 14.4 2.5 

2008 228.2 974.4 12.8 2.3 

2009 194.3 770.4 14.4 2.0 

2010 106.2 750.4 12.0 0.2 

2011 159.8 741.7 15.8 2.8 

2012 189.6 798.3 13.6 1.1 

2013 134.7 682.1 15.4 2.5 

2014 169.3 428.6 15.4 3.2 

2015 204.8 609.1 13.2 3.2 

2016 334.3 688.3 14.6 2.9 
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Year 2016 had the second lowest d-excess value and the most precipitation during 

summer period of the analysis period. In year 2016 the total amount of the precipitation 

Rovaniemi was 688.3mm of which 334.3 was during summer period, summer was 

relatively rainy compared to rest of the year. As later can be seen in table 7, the spring 

and summer time has lower d-excess values than fall and winter. The low d-excess value 

in year 2016 could be do the factor that the precipitation was weighted on summer period. 

The d-excess values are affected by several factors and as the weather parameters can 

vary from average more in one year that the other, the longer study periods are preferred 

when studying precipitations isotopic compositions.  

3.1.2 Espoo LMWL 

Espoo was the most southern monitoring station in this study. It is located by the sea and 

the airmasses bringing the precipitation are mostly from south and south-west directions 

from the Baltic sea. The winds in Espoo are mostly from south to west directions as can 

be seen from wind roses located to east and west of Espoo Fig. 15.  

 

Figure 15. Wind roses for Hanko and Kotka. The longer the wedge of the rose, more wind 

is coming from that direction.  (Finnish Meteorological Institute 2010)  

For Espoo the LMWL is (Fig.16): 

δ2H = 7.63 δ18O + 5.90 

with R2 = 0.98 

Espoo 
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Espoo LMWL is similar to whole Finland’s LMWL: δ2H = 7.78 δ18O + 6.83. The 

intercept value is lower than in average in Finland. 

 

Figure 16. LMWL for Espoo from 11.2000 to 12.2016 δ18O and δ2H data. GMWL is 

presented as reference. 

3.1.3 Evo LMWL 

Evo is located on lake rich area about 90 kilometers from Baltic Sea. For Evo station there 

was monthly data available from January 2004 till the end of 2012. Based on the whole 

data set, the LMWL for Evo is (Fig. 17): 

δ2H = 7.63 δ18O + 6.16 

with R2 = 0.99 

δ2H = 7.6307 δ18O + 5.8995
R² = 0.9844
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Figure 17. LMWL for Evo from 01.2004 to 12.2012 δ18O and δ2H data. GMWL is 

presented as reference. 

Evo is located 110km north of Espoo and Evo’s LMWL has the same slope value as 

Espoo. Intercept value is little higher. As the direction of the wind in the area is mostly 

from south to west, is substantial amount of airmass coming from the same direction and 

source as in Espoo, though there is some continent between the sites. 

3.1.4 Olkiluoto LMWL 

LMWL calculated from the whole data set, for Olkiluoto is (Fig. 18): 

δ2H = 7.44 δ18O + 3.82 

with R2 = 0.98 

δ2H = 7.6289δ18O  + 6.162
R² = 0.9888
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Figure 18. LMWL for Olkiluoto from 01.2005 to 12.2012 δ18O and δ2H data. GMWL is 

presented as reference. 

Olkiluoto site is located next to coast. For Olkiluoto LMWL, the intercept value is low. 

Hendriksson et al (2014) have studied isotopic composition of precipitation in Olkiluoto. 

In the study it was concluded that the coastal location of Olkiluoto is reflected in the 

isotopic composition of oxygen and hydrogen in the precipitation. The sea offers the 

secondary vapor source and influence the temperature by mitigating the extremes in 

temperature. These factors have an effect on intercept of LMWL. (Hendriksson et al 

2014) 
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3.1.5 Kuopio LMWL 

Kuopio is in the inland of the Finland. From wind rose in Fig. 19 can be seen that there 

are more East to South winds in Kuopio compared to costal sites. As result there is more 

precipitation from those directions thus the source of the precipitation varies more. 

 

Figure 19. Kuopio site wind rose. (Finnish Meteorological Institute 2010) 

Based on the stable isotope data, the LMWL for Kuopio is (Fig. 20): 

δ2H = 7.82 δ18O + 7.68 

with R2 = 0.99 
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Figure 20. LMWL for Kuopio from 01.2005 to 12.2016 δ18O and δ2H data. GMWL is 

presented as reference. 

3.1.6 Hietajärvi LMWL 

Hietajärvi is the most eastern location on this study. The LMWL, based on the whole data 

set, for Hietajärvi is (Fig. 21): 

δ2H = 7.72 δ18O + 6.36 

with R2 = 0.99 
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Figure 21. LMWL for Hietajärvi from 01.2004 to 12.2012 δ18O and δ2H data. GMWL is 

presented as reference. 

Hietajärvi is located east from Kuopio. The slope of the LWML is similar between the 

sites, the intercept is little lower in Hietajärvi. Hietajärvi is having continental location 

for western moisture source but on the other had there are large water bodies on the east 

side, White Sea 250 and Lake Ladoga even closer. These water bodies can have an effect 

on isotopic values when the flows are from the east. 

3.1.7 Nuoritta LMWL 

For Nuoritta station there was monthly data available from May 2013 till the mid of 

October 2014. There was no monthly sample collection during the winter months. There 

were nine isotopic values available for calculations, for LMWL calculations; more results 

are recommended. The LMWL based on the available data set for Nuoritta is (Fig. 22): 

y = 7.7175x + 6.3604
R² = 0.9856
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δ2H = 7.60 δ18O + 7.31 

with R2 = 0.99 

 

Figure 22. LMWL for Nuoritta from 05.2013 to 10.2014 δ18O and δ2H data. GMWL is 

presented as reference.  

The LMWL for Nuoritta is close to Kuopio LMWL with this data set. Longer around the 

year measurement data is needed to conform the LMWL for the site. 

3.1.8 Oulu LMWL 

The LMWLs were established for monthly and event-based data sets for Oulu station. 

LWMLs for Oulu monthly data are presented in Figures 23 and 24. Based on the isotopic 

monthly data the equation for Oulu LMWL is: 

y = 7.601x + 7.3091
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δ2H = 7.44 δ18O + 3.0 

with R2 = 0.98 

 

Figure 23. LMWL for Oulu from δ18O and δ2H monthly collected sample data. Data was 

collected from 5.2015-11.2015 and 4.2016 to 12.2016. GMLW is presented as reference.  
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Figure 24. LMWL for Oulu from δ18O and δ2H event-based sample data. Samples have 

been collected starting from June 2014. The event-based samples are missing from period 

26.5.2015 to 30.7.2015. GMLW is presented as reference.  

Based on the isotopic monthly data from event-based precipitation the equation for Oulu 

LMWL is: 

δ2H = 7.49 δ18O + 2.7 

with R2 = 0.98 

The LMWLs from both monthly collected data and event-based data are very close to 

each other. The precipitation collection vessels are close to each other and the samples 

collected should be the same. The differences in LMWLs results are probably due to some 
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differences in collection time periods and the fact that the samples were not precipitation 

weighted. 

The Oulu site LMWL is very close to Olkiluoto LMWL. The monthly samples LMWL 

have the same slope and there is only slight difference in the intercept. Both sites are 

located by the sea on the western coast, but Oulu is located 420 north of Olkiluoto. By 

comparing the wind roses closet to the sites in Fig. 5, the Hanko and Kemi wind roses, 

they look almost identical. According the wind roses, it could be assumed that the source 

of the precipitation is the same.  Oulu site has short sample collection period which is 

weighted to summer and fall period. For event-based LWML there is longer sampling 

period. The event-based LWML is similar to monthly LMWL. Both sample collection 

periods are relatively short and longer collection period for Oulu isotopic samples of 

precipitation is needed to confirm the LMWL. 

3.1.9 Rokua LMWL 

Rokua is located east from Oulu. For Rokua station the LMWL, based on the whole 

available data set, is (Fig. 25): 

δ2H = 7.42 δ18O + 4.48 

with R2 = 0.96 

For Rokua station data available from fall 2010 to fall 2014, mostly during summer half 

of the year. More data and longer around the year sampling is needed to confirm the 

LMWL. 
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Figure 25. LMWL for Rokua from δ18O and δ2H event-based sample data. GMLW is 

presented as reference.  

3.1.10 Oulanka LMWL 

From available data, the LMWL for Oulanka is (Fig. 26): 

δ2H = 7.23 δ18O + 0.88 

with R2 = 0.98 

For Oulanka intercept is low. Reason for this could be the short collection period and 

timing of the collection period during summer months.  

δ2H = 7.4208δ18O  + 4.4827
R² = 0.9636
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Figure 26. LMWL for Oulanka from δ18O and δ2H event-based sample data. GMLW is 

presented as reference.  

3.1.11 Sodankylä LMWL 

Based on the whole data set, the LMWL for Sodankylä is (Fig. 27): 

δ2H = 7.62 δ18O + 3.93 

with R2 = 0.98 

δ2H = 7.234δ18O  + 0.8814
R² = 0.9811
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Figure 27. LMWL for Sodankylä from 01.2004 to 12.2012 δ18O and δ2H data. GMLW is 

presented as reference. 

Sodankylä is the continental site, having more than 200km to any large waterbody. 

Sodankylä’s LMWL is close to Rovaniemi that is located 100 kilometers south form it. 

3.1.12 Kevo LMWL 

Kevo is the northernmost station in this study. The LMWLs were established for monthly 

and event-based data sets for Kevo station. LWML for Kevo monthly data is presented in 

Fig. 28. Based on the isotopic data the equation for Kevo LMWL is: 

δ2H = 7.84 δ18O + 5.56 

with R2 = 0.96 

y = 7.6211x + 3.9315
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Figure 28. LMWL for Kevo from 01.2004 to 12.2012 δ18O and δ2H data. GMLW is 

presented as reference. 

From event-based result 

δ2H = 7.11 δ18O - 2.82 

with R2 = 0.93 

There is difference between LMWL for monthly data and event-based data. Specially 

there is difference in intercept values. The difference can be due the short collection 

period for event-based data, the collection time was about six months during warmer 

season.  
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3.2 Effects of climate and location on the isotopic composition of 

precipitation 

Samples addressed in this work are collected in several locations in Finland, from south 

to north. The altitude varies from 12 to 340 meters above the sea level and the longest 

distance between the collection stations is almost 1100 kilometers. All stations have four 

seasons and variations in temperature in different seasons. The Finnish climate has both 

continental and marine features since it is located between Atlantic Ocean and Eurasia 

continent. In Köppen climate classification Finland belongs to snowy and forest climate 

with humid cold winters. Typically for the climate there is precipitation in all seasons, 

July and August being the rainiest months of the year. (Kerasalo & Pirinen, 2009 p. 8-9, 

14) 

Finland is geographically low-lying country. Most of the country is less than 200 meters 

from sea level, while median of whole country is 152 meters. Only northern and eastern 

parts have regions at higher altitude, and the highest point of Finland is Halti fjeld 1328 

meters in very north part of Finland at 69°19′ 25″ N. (Compuline, 2015) In general the 

altitude changes do not have much effect in Finland’s precipitation isotopes.  

Finland is 1157 kilometers long in north-south direction.  As result, there is more than 10 

degrees latitude difference between the most northern and the south locations in Finland. 

As Finland is also located in northern latitudes, annual mean temperature being +5°C, the 

latitude effect is existent in isotopic composition of precipitation (Kortelainen & Karhu 

2004). 

The amount effect of the precipitation can be assumed negligible in Finland as it is 

effective generally in tropical climates. In Finland the weather condition is not similar to 

tropical, having the amount of the precipitation is moderate being on average 400-750 

mm/year and temperatures are cool, being on average +5 °C in a year. (Finnish 

Meteorological Institute 2017A).   
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The results of the mean of δ18O and δ2H from monthly precipitation data at different 

collection station are presented in table 4. The δ18O values are between -10.9 and -14.9, 

higher values generally being in northern inland. The mean of δ18O and δ2H from event-

based precipitation data is presented in table 5. The event-based δ18O values has 

differences to monthly values due shorter collection period. 

Table 4. The mean of δ18O and δ2H from monthly precipitation data.  

Station 
Latitude 

ERTS89 
δ18O δ2H 

Espoo 60.18 -11.5 -82.1 

Evo 61.21 -12.9 -92.0 

Olkiluoto 61.24 -11.6 -82.3 

Kuopio 62.89 -13.4 -97.5 

Hietajärvi 63.16 -13.7 -99.2 

Rovaniemi 66.50 -14.0 -102.7 

Sodankylä 67.37 -14.9 -109.9 

Kevo 69.76 -14.5 -108.0 

Oulu 65.06 -10.9* -78.4* 

Nuoritta 65.09 -11.2* -77.7* 

* Due shorter collection period, the warmer seasons precipitation is emphasized in 

Oulu and Nuoritta precipitation samples. 

 

Table 5. The mean of δ18O and δ2H from event-based precipitation data.  

Station 
Latitude 

 ERTS89 
δ18O δ2H 

Rokua 64.58 -11.6 -81.7 

Oulu 65.06 -12.0 -86.9 

Oulanka 66.37 -9.5 -67.8 

Pallas 68.00 -14.8  

Kevo 69.76 -8.0 -56.8 
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The mean monthly δ18O results are presented also in Fig. 29a) and δ2H in Fig. 29b). For 

Oulu and Nuoritta stations, δ18O and δ2H are lower than expected for monthly 

precipitation data, since the summer season is over presented in the collection period. 

Longer sample collection time than a year, is preferred to get more accurate values. In 

addition, precipitation-weighted means could better account the average annual isotopic 

signal of precipitation.  

 

 

Figure 29. The monthly mean a) δ18O results and b) δ2H from precipitation. 

a) b) 
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The regional distribution of the mean δ18O in Finland and in the regions nearby is 

presented in the Fig. 30. The Finland’s mean values are from this study and the other 

values according Kortelainen (2007) work. From the contours of δ18O values of 

precipitation can be seen the continental, oceanic and temperature effect; the values are 

more negative toward north and toward east. Inland has lower values that coastal regions. 

 

Figure 30. The regional distribution of the mean annual δ18O of precipitation. The values 

from this study are shown with the blue points. The orange points representing the mean 

annual δ18O values and contours outside of Finland, are according Kortelainen (2007) 

work. In Kortelainen’s work the values were gathered from Burgman et al. Conclusions 

from a ten-year study of oxygen-18 in precipitation and runoff in Sweden in: Isotope 

techniques in water resources development (1987) and Kurita et al. Modern isotope 

climatology of Russia: A first assessment (2004) studies and from IAEA/WMO Global 

Network of Isotopes in Precipitation, database (2006).  
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3.2.1 Comparison of weather parameters with δ18O values 

Evo station data was used to calculate different weather parameters linear regressions 

with δ18O values. The daily weather data for same period was collected from Finnish 

Meteorological Institute data. The data was averaged to monthly data.  The linear 

regression for temperature, amount of precipitation, evaporation, humidity and wind are 

shown in Fig. 31 and 32.  

 

Figure 31. The linear regression of δ18O values with a) temperature and b) wind for Evo 

station. 
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Figure 32. The linear regression of δ18O values with a) amount of precipitation b) 

evaporation and c) humidity for Evo station. 
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From the linear regression results, the δ18O values has the best fit with temperature 

(R2=0.741), evaporation (R2=0.522) and humidity (R2=0.303). Evaporation and humidity 

has relation to temperature as in warmer temperatures there is often more evaporation and 

humidity. The wind and amount of rain has very little effect on δ18O values. 

3.2.2 Temperature effect  

Temperature effect was the most significant factor affecting δ18O values in this study. In 

Finland, there are considerable temperature changes within a year and the effect is 

predominant. Kevo, the most northern station, has minimum temperature of -39.2° and 

maximum +31.4° during the examination period. The time series for monthly 

precipitation δ18O and the monthly average temperature in Kevo is presented in Fig. 33 

and the linear regression in Fig. 34. 

 

Figure 33. The monthly δ18O and the mean monthly temperature in timeseries for Kevo 

precipitation from to 1.2004 to 12.2012. 



68 

 

 

Figure 34. The linear regression between monthly δ18O and the monthly average 

temperature in Kevo from January 2004 to December 2012. 

In Figure 34, a relation between temperature and the δ18O values of precipitation can be 

seen, as R2 is higher than 0.6. In Fig. 33, a clear pattern can be seen, as the temperatures 

chances; summer time has less negative δ18O values than winter time. In summer time the 

warmer temperatures do not affect the δ18O values as directly as in winter time. This was 

also observed by Akers et al. (2017) in the study of the eastern and central United States 

precipitation (discussed on page 19). 

3.2.3 Altitude effect 

The altitude of studied stations varied from 12 to 340 meters above the sea level, meaning 

that there were not considerable altitude changes within the stations. In general, altitude 

has some effect as δ18O values tend to be more negative in higher altitude, but in this 

work the effect cannot be pointed out as different altitude stations are in separate 

locations. The altitudes of collection stations are presented in appendix 1. 
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3.2.4 Latitude effect 

The collection stations are located between latitudes 60 to 70 degrees. The estimated 

effect on δ18O in Europe is δ18 ≈ – 0.6‰/degree and even bigger in colder regions being 

up to –2‰/degree of latitude (Gat 2001). The results of the mean of δ18O and δ2H from 

monthly precipitation data is presented in table 3. The mean of δ18O and δ2H from event-

based precipitation data is presented in table 4.  

From the monthly data results, it can be seen that the δ18O values generally are more 

negative towards north and towards east, to more continental climate. The δ18O difference 

between the most south and northernmost collection stations is -3 and the difference in 

latitude is 9.58 degrees. In Fig. 35 the average of δ18O values from August 2010, 2011 

and 2012 versus latitude are presented. From this figure, it can be seen that the δ18O values 

are generally more negative towards higher latitudes. 

 

Figure 35. The average of δ18O values from August 2010, 2011 and 2012 versus latitude. 
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3.2.5 The amount effect of precipitation 

Finland is located north, in high latitudes. The amount effect of precipitation is not 

prominent in these latitudes especially since the amount of the rain is relatively constant 

throughout the year and the country. In Fig. 36, the yearly average precipitation amount 

is presented geographically between 1981 and 2010 and in Fig. 37 the monthly average 

precipitation between 1981 and 2010 in Finland (Finnish Meteorological Institute, 2017). 

Also, the other climatic factors, like evaporation, that are affecting the amount effect, are 

not as significant in Finland as in tropics, where amount effect is more visible.  

 

 

Figure 36. The yearly average precipitation between 1981 and 2010 in Finland (Finnish 

Meteorological Institute 2017B). 
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Figure 37. The yearly average amount of precipitation between 1981 and 2010 in Finland 

accordingly to Finnish Meteorological Institute. 

To study the amount effect of precipitation, weekly precipitation and corresponding 

weekly δ18O values from Pallas were studied (Fig. 38). In graphics, it looks like there 

might be slight correlation between the amount of rain and δ18O values, but this is most 

likely related to the temperature effect and the seasonality.  
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Figure 38. The amount of the precipitation per week and corresponding weekly δ18O 

values in Pallas between 2004 and 2011. 

3.2.6 The continental and oceanic effect 

In Finnish climate, there is both oceanic and continental features. The climate is affected 

by the location in northern latitudes and both by Atlantic Ocean and by Eurasian 

continent. Because of the geographic location, the weather can change fast and vary from 

location to another (Kerasalo & Pirinen, 2009 p. 6,8). 

In this study, the continental effect can be detected as the δ18O and δ2H values are more 

negative in collection stations located closer to Eurasian continent as can be seen in Fig. 

29. In turn, oceanic effect can be detected by less negative values by Baltic sea and in 

most northern station, Kevo, located 90 kilometers from Barents Sea. 
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3.2.7 Seasonal effect 

Finland has four distinctive seasons: spring, summer, fall and winter. Even the year’s 

average temperature is different in north and south Finland, the whole country has 4 

seasons. The seasonal effect, which is mostly due temperature effect can clearly be seen 

in δ18O and δ2H values of precipitation. The δ18O and δ2H values are more negative during 

the winter season than in summer season. The monthly average δ18O values from Espoo, 

Kuopio, Rovaniemi and Kevo stations between 2005 and 2012 are presented in Fig. 39. 

From the figure, the clear seasonal pattern can be seen, the δ18O values are more negative 

during winter season. 

 

Figure 39. The monthly average δ18O values from Espoo, Kuopio, Rovaniemi and Kevo 

stations between 2005 and 2012. The seasonal effect can be seen as values are most 

negative during winter season and most positive during summer season. 

18O 
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To study the seasonal effect on LMWL, the LMWL on Rovaniemi isotopic data was 

generated for four seasons: spring (March to May), summer (June to August), fall 

(September to November) and winter (December to February) from 10.2004 to 12.2016 

data. The LMWLs are presented in Fig. 40 and results in table 6. The slope of the LMWLs 

are similar in all seasons while there is more variation in intercept values. D-excess values 

are the largest on the fall season and the smallest in spring season. 

Table 6. Rovaniemi seasonal LMWLs  

Season Slope Intercept d-excess 

Spring 7.97 5.85 6.2 

Summer 7.48 2.64 8.1 

Fall 7.75 7.64 11.1 

Winter 7.77 6.46 10.4 

    

 

Figure 40. LMWLs for four seasons on Rovaniemi isotopic data from 10.2004 to 12.2016 

data 
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Froehlich et al. (2002) studied the seasonal effect on d-excess. The data used in their study 

was collected from IAEA/WMO Global Network for Isotopes in Precipitation (GNIP) 

programme. They studied the long-term annual d-excess averages and monthly variations. 

As a result, they found out the long-term spatial distribution of annual averages of the d-

excess to be statistically spread and the long term monthly averages show well defined 

systematical seasonal variation. When the northern hemisphere results were studied, it 

was found out that the d-excess values reach minimum in June-July and maximum in 

December-January. (Froehlich et al. 2002 p. 6) 

The seasonal effect on LMWL was also studied for Espoo, Kuopio and Kevo stations. 

The seasonal LMWLs results are presented in table 5. Rovaniemi seasonal results are also 

presented in table 5. for comparison. 

Table 7. The seasonal LMWLs of Espoo, Kuopio, Rovaniemi and Kevo sites. 

Station Spring Summer Fall Winter 

 Slope Intercept 
d-

excess 
Slope Intercept 

d-

excess 
Slope Intercept 

d-

excess 
Slope Intercept 

d-

excess 

Espoo 7.84 6.82 8.6 7.34 2.83 8.8 7.61 7.54 11.9 7.65 5.99 11.0 

Kuopio 8.14 9.67 7.8 7.78 7.43 9.6 7.80 9.33 12.0 7.49 1.99 10.5 

Rovaniemi 7.97 5.85 6.2 7.48 2.64 8.1 7.75 7.64 11.1 7.77 6.46 10.4 

Kevo 6.99 10.21 4.3 7.90 8.59 10.0 7.93 8.79 9.8 8.14 11.36 8.8 

 

From the seasonal results, it can be seen that the slope values are generally higher towards 

north, except for Kuopio site, in all seasons. The deviation of the Kuopio station results 

from general trend might be due the combination of the continental location of the station, 

the location having more East to South winds compared to costal sites and being relatively 

rainy location as can be seen in Fig. 36. 

Deuterium excess values are lower in spring and in summer seasons and higher on fall 

and winter seasons except for Kevo station.  
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As in Froehlich et al (2002) study, a systematical seasonal variation of d-excess values 

can be detected from table 7 results. Contrary to Froehlich et al study the lowest d-excess 

values are in spring and largest in fall. This could be due the cold climate compared to 

majority of collection stations of which was used in Froehlich et al study. 

D-excess values are reflecting the primary conditions when the evaporation happened. 

Lower d-excess values are reflection of high humidity during the primary evaporation 

above the sea. (Clark & Fritz 1997, p. 45, 52). The d-excess values can also identify the 

precipitation’s oceanic source and the various sources of the air mixture (Froehlich et al. 

2002 p. 11). The differences in d-excess values between stations might be due the various 

sources of the moisture and due the secondary processes that can affect d-excess values. 

Among these secondary effects are evaporation, freezing during rain events and 

recirculation of moisture. Also, the source of precipitation could be different; the 

evaporation has happened on different humidity. (Kortelainen 2009 p. 4) 
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4 CONCLUSION 

Oxygen and hydrogen have stable isotopes that can be used as traces in hydrology. The 

stable isotopes of precipitation used are oxygen isotope δ18O and deuterium isotope δ2H. 

The purpose of this thesis was to collect the Finland’s precipitation isotopic data to have 

it available for future use and analyze it.  

In this study, the isotopic data of precipitation was collected together from 13 stations. 

The analysis was done for δ18O and δ2H values of the precipitation. Most of the isotopic 

data available was collected monthly for more than two years, but also shorter collection 

period and event-based data was taken into account. 

The effects of climate and location on the isotopic composition of precipitation were 

analyzed. Also, LMWLs were created for each collection station that had both δ18O and 

δ2H values of the precipitation available. As a result of the analysis, the weather parameter 

that was found out to have the most correlation with δ18O values, was temperature. The 

temperature effect could be clearly detected from the results; summer time has less 

negative δ18O values than winter time. Also, the δ18O values and temperature have clearly 

the same pattern when values were drawn to time scale. Evaporation and humidity had 

also some correlation. Amount of precipitation or wind did not seem to have any 

correlation. 

There was no altitude effect detected from the results as there was no samples from the 

same station on different altitudes. Also, the altitude variations between stations were 

moderate. The latitude effect could be seen on the results. The latitude difference was 10 

degrees between the most northern and southern stations and the difference on δ18O 

values was -3‰. Amount effect of precipitation was not detected which was expected as 

the effect becomes less evident moving towards higher latitudes. The continental and 

oceanic effects were visible on the results as δ18O values of precipitation became more 

negative once moving towards inland from the coastal area. Oceanic effect also attenuates 

the seasonal effects on the coastal area compared to inland.  
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The seasonal effect was prominent. The different seasons could be seen in δ18O pattern 

that was created for several years. The δ18O values are more negative during the winter 

season than in summer season. In LMWL drawn for different seasons, the seasonal effect 

can also be detected by deuterium excess values which are lower in spring and in summer 

seasons and higher on fall and winter seasons. 

LMWLs were created for the collection stations and for Finland. For Rovaniemi station 

LMWLs were also created from yearly and seasonal isotopic values. There was found out 

to be differences in the LMWLs between different years and differences between seasonal 

LMWLs. Especially there were differences in intercept values. The lowest intercept value 

was observed in the year that had the warmest and driest summer period. The secondary 

evaporation can be the factor behind the low intercept value. 

The deuterium excess values had also differences between the years and the seasons. They 

reflect the conditions in primary moisture source and secondary processes like 

evaporation and recirculation of moisture.  

It is recommended that at least two years of isotopic data is collected for analysis when 

forming LMWLs as seasons have significant impact on isotopic values of precipitation in 

Finland. 

In this study, there were also stations that had short period or irregular isotopic data 

collected. These results can be very useful for isotope studies, like tracing groundwater, 

but if LMWLs are created their uncertainties need to be understood. 
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Sample collection stations 

Name and no  

of the station 
Country 

ERTS89 

- 

Latitude 

ERTS89 - 

Longitude 
Altitude 

Weather 

datat 

Grid ID 

ETRS-

TM35FIN 

Grid X-

coordinate 

ETRS-

TM35FIN 

Grid Y-

coordinate 

(KKJ) YKJ 

X-

coordinate 

(KKJ) YKJ 

Y-

coordinate 

Responsible for sampling 
Source of 

Information 

Frequency 

of sample 

collection 

Begin of 

the 

Sampling 

Period 

End of the 

Sampling 

Period 

Isotopes Comment 

1 Rovaniemi FI 66.50 25.75 107 2913 444382.73 7376199.68 3444532.90 7379284.50 
GTK - Geological survey 

of Finland 
IAEA GNIP Monthly 1.1.2003 Continuing 

δ18O, 

δ2H, δ3H 

Sampler emptied about monthly bases, Missing 

measurement data from some months 

2 Espoo FI 60.18 24.83 30 107 379619.38 6673440.13 379794.06 6676242.62 
GTK - Geological survey 

of Finland 
IAEA GNIP Monthly 1.1.2000 Continuing 

δ18O, 

δ2H, δ3H 
Missing measurement data from some months 

3 Nellim FI 68.85 28.28 123 * 551538.15 7638173.33 3379914.65 7641363.51 
GTK - Geological survey 

of Finland 
IAEA GNIP Monthly 1.1.1961 31.12.1963  δ3H 

* Weather data not available for the dates from the 

grid , Missing measurement data from some 

months 

4 Pelkosenniemi FI 67.10 27.50 158 * 521711.44 7442614.95 3521892.75 7445726.43 
GTK - Geological survey 
of Finland 

IAEA GNIP Monthly 1.1.1961 31.12.1965  δ3H 
* Weather data not available for the dates from the 
grid, Missing measurement data from some months 

5 Sodankylä FI 67.37 26.65 178 3170 484971.47 7472670.34 3485137.94 7475793.75 
GTK - Geological survey 

of Finland 
IAEA GNIP Monthly 1.1.1962 31.12.1964  δ3H 

* Weather data not available for the dates from the 

grid , Missing measurement data from some 

months 

6 Kuopio FI 62.89 27.63 116 1555 531796.05 6973688.02 3531980.25 6976610.77 
GTK - Geological survey 

of Finland 
IAEA GNIP Monthly 31.12.2004 31.12.2016 

δ18O, 

δ2H, δ3H 
Missing measurement data from some months 

7 Jalasjärvi FI 62.49 22.76 97 * 281535.98 6936131.08 3281618.52 6939040.51 
GTK - Geological survey 

of Finland 
IAEA GNIP Monthly 1.1.1961 31.12.1963  δ3H 

* Weather data not available for the dates from the 

grid , Missing measurement data from some 

months 

8 Laukaa FI 62.42 25.95 96 * 445758.18 6921039.33 3445907.05 6923941.38 
GTK - Geological survey 

of Finland 
IAEA GNIP Monthly 1.1.1961 31.12.1963  δ3H 

* Weather data not available for the dates from the 

grid , Missing measurement data from some 

months 

9 Kevo FI 69.76 27.01 107 3800 500363.00 7738789.00 3500534.40 7742020.00 

University of 

Helsinki/Finnish 

Meteorological Institute 

Eloni 

Sonninen/Jussi 

Paatero 

Monthly 1.1.2004 31.12.2012 δ18O, δ2H   

9 Kevo FI 69.76 27.01 107 3800 500363.00 7738789.00 3500534.40 7742020.00 University of Oulu Hannu Marttila Event-based 25.4.2013 13.10.2013 δ18O, δ2H   

10 Pallas FI 68.00 24.24 340 3356 384689.00 7545438.00 3384815.00 7548590.00 University of Oulu Hannu Marttila Weekly 2.1.2004 24.12.2011 δ18O  Missing measurement data from some weeks 
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11 Sodankylä FI 67.36 26.63 178 3170 484227.00 7472109.00 3484393.50 7475232.00 

University of 

Helsinki/Finnish 

Meteorological Institute 

Eloni 

Sonninen/Jussi 

Paatero 

Monthly 1.1.2004 31.12.2012 δ18O, δ2H 
Missing some values, samples taken on 15. of the 

month 

12 Oulanka FI 66.37 29.30 150 2902 603302.79 7363060.46 3603516.93 7366140.13 University of Oulu Elina Isokangas Event-based 5.6.2013 27.8.2014 δ18O, δ2H During summer months 

13 Rokua FI 64.58 26.50 140 2361 476179.00 7162404.00 3476341.79 7165403.29 University of Oulu Elina Isokangas 
Irregular 

sampling 
18.3.2010 11.2014 δ18O, δ2H 

Samples collected usually once in the month 

during the onter field measurements 

14 Oulu FI 65.06 25.47 20 2491 427943.00 7216062.00 3428086.60 7219082.90 University of Oulu Elina Isokangas Event-based 6.6.2014 Continuing δ18O, δ2H  

14 Oulu FI 65.06 25.47 20 2491 427943.00 7216062.00 3428086.60 7219082.90 University of Oulu Elina Isokangas Monthly 

1.5.2015-

1.11.2015, 

4.4.2016- 

Continuing δ18O, δ2H 
Sampler emptied in the first work day of the next 

month. Data will be added later 

15 Evo FI 61.21 25.13 135 654 399784.03 6788330.72 3399913.31 6791179.59 
University of 
Helsinki/Finnish 

Meteorological Institute 

Eloni 
Sonninen/Jussi 

Paatero 

Monthly 1.1.2004 31.12.2012 
δ18O , 

δ2H 
  

16 Hietajärvi FI 63.16 30.72 170 1787 687106.00 7009576.00 3687354.00 7012513.00 

University of 

Helsinki/Finnish 

Meteorological Institute 

Eloni 

Sonninen/Jussi 

Paatero 

Monthly 1.1.2004 31.12.2012 δ18O, δ2H Missing one value 

17 Olkiluoto FI 61.24 21.48 12 682 204066.54 6801671.29 3204116.61 6804526.94 
GTK - Geological survey 

of Finland 

Nina 

Hendriksson 
Monthly 7.2.2005 2.1.2013 δ18O, δ2H Missing measurement data from some months 

18 Nuoritta FI 65.09 26.47 90 2521 475380.00 7218940.00 3475542.64 7221961.85 University of Oulu Elina Isokangas Monthly 1.5.2013 31.12.2014 δ18O, δ2H Missing measurement data from some months 

 


