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Abstract 
 

Analysis of Observed Discrepancies in Precipitation Measurements in the Complex 

Terrain of East-Iceland 

Páll Ágúst Þórarinsson 

 

Spatial distribution of precipitation in complex terrain can be very uneven and there are many factors to 

consider when studying it. The goal of this study was such a problem; to analyse the difference in 

observed annual precipitation in the complex terrain of Seyðisfjörður, a fjord in East-Iceland. The study 

was carried out in three parts. First, it was investigated if there was a systematic difference between 

measurement methods using different instruments. Second, the effect of the complex terrain on the 

spatial distribution of precipitation was investigated, and lastly if this observed difference could be 

linked to any certain kind of weather regimes. To simplify the analysis, only liquid precipitation was 

included in the data set. 

 In Seyðisfjörður there are three divergently located precipitation gauges of three different types and 

set up. At the Icelandic Meteorological Office in Reykjavík the same type of gauges are co-located with 

the exact same set up as in Seyðisfjörður. A statistical analysis of those measurements showed that there 

is a systematic undercatch in tipping bucket gauges compared to weighted capacity and standard 

accumulation gauges. However, the difference is insignificant in size compared to the observed 

difference in the complex terrain. The complex terrain was found to highly affect the airflow and 

therefore the spatial distribution of precipitation, as it almost only rains in synoptic wind directions with 

an easterly component (measured at a mountain station). To connect events where there was a great 

difference in precipitation measurements to the synoptic weather situation over the North-Atlantic, a 

projection connecting the geostrophic and local winds in the fjord was made. It showed that great 

precipitation as well as when great differences are observed, during two kind of weather regimes. One 

where a low pressure is travelling along the North-Atlantic storm track to the Norwegian Sea. The other 

were a low pressure is stationed southwest or west of Iceland in the Irminger Sea and a high pressure 

stretching up over Scandinavia. Convective precipitation makes up for a minimal part of the total 

precipitation and is not linked to events with great observed difference. Events with considerable 

precipitation but little observed difference are fewer and smaller than the events with much great 

observed precipitation and differences. 

Keywords: Precipitation, precipitation measurements, weather observation, complex terrain, weather 

regimes, Iceland 
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Populärvetenskaplig sammanfattning  
 

Analys av observerade avvikelser i nederbördsmätningar i den komplexa terrängen på 

östra Island 

Páll Ágúst Þórarinsson 

 
Regn i ett bergigt landskap är svårt att förutsäga eftersom det inte faller jämnt över ett sådant område. 

Denna studie tar sig an ett problem i en sådan miljö: att undersöka den skillnad som ses i regnmätningar 

i det bergiga landskapet i Seyðisfjörður, en fjord på östra Island. Eftersom det är svårare att arbeta med 

snömätningar än regnmätningar ingick endast regnmätningar. 

 I Seyðsfjörður finns tre olika anordningar som mäter regn på tre olika platser. För att se om valet av 

olika enheter, men inte valet av plats, påverkar mätningarna undersöktes mätningar från de olika 

enheterna samlade på en och samma plats. Den typen av mätningar fanns tillgängliga vid Islands 

meteorologiska kontor i Islands huvudstad Reykjavik. På så sätt kan skillnader på grund av att enheterna 

inte fungerar exakt på samma sätt uteslutas. Skillnaderna mellan olika instrument konstaterades vara 

mycket liten jämfört med skillnaden från de olika mätningarna från Seyðisfjörður.  

 Det bergiga landskapet påverkar nederbörden mycket och gör så att det mestadels bara regnar i 

Seyðsfjörður vid ostliga vindar. I dessa ostliga vindar finns också en skillnad mellan de uppmätta 

värdena i de olika anordningarna på olika platser i Seyðisfjörður. Vindmätningar på toppen av ett högt 

berg (949 meter över havet) användes för att göra en koppling mellan de lokala vindarna och 

nederbörden i fjorden, till vädersituationen över nordatlanten. Denna koppling visade att händelserna 

där enheterna mätte mycket olika värden av nederbörd, även om det finns ett kort avstånd mellan dem, 

kan delas upp i två teman. Först ett tema där ett lågtryckssystem rör sig över nordatlanten mot västra 

Norge och passerar Island med mycket regn som faller på östra Island. Den andra är när ett 

lågtryckssystem passerar Grönlands södra spets till havet mellan Island och Grönland.  

 Informationen från denna studie kan hjälpa till att förutsäga när man kan förvänta sig ett sådant väder 

att de olika enheterna i Seyðisfjörður mäter mycket olika värden och hur stor skillnad som kan förväntas. 

Det kan ha en praktisk användning eftersom nederbörd kan vara svårt att förutsäga i ett bergigt landskap. 

Nyckelord: Nederbörd, nederbördmätningar, väder observationer, komplex terräng, vädersituationen, 

Island 
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1 Introduction 
This study is on precipitation measurements in 

the complex terrain of East-Iceland. The area 

is Seyðisfjörður, a fjord in East-Iceland shown 

in Figure 1. Precipitation measurements from 

Reykjavík, the capital of Iceland (also shown 

in Figure 1) are used to study systematic 

differences between measurement methods. 

There, at the Icelandic Meteorological Office 

(IMO), is a measurement patch where various 

atmospheric parameters are observed, each 

parameter with more than one instrument. The following chapter is an introduction to this study, 

its background, the research questions and its structure. 

 

1.1 Background of the thesis 

The East-fjords region of Iceland, where Seyðisfjörður is located, is an area with high 

precipitation. Seyðisfjörður is a known avalanche, landslide and flood area and reliable 

precipitation information is essential for monitoring and warning of these natural hazards. In 

Seyðisfjörður and the East-fjords precipitation measurements are made and in a few fjords more 

than one or two stations measure precipitation in the same fjord. Understanding of how the 

complex terrain affects the precipitation pattern is essential as well. That is, to understand how 

the gradient of precipitation is related to the weather situation, wind direction and how the 

terrain impacts the air flow on smaller scales.  

 Currently, precipitation is measured at three stations in Seyðisfjörður but that is not 

sustainable. There is high demand for observations in other places which may have none or 

have never had any instruments, so current ones might be relocated. The aim of this study is to 

use available weather observations to try to understand the spatial distribution of precipitation 

in Seyðisfjörður.  

 

1.2 Weather observations in Iceland 

IMO operates a vast network of weather observation stations in Iceland. There are frequent 

continuous measurements from automatic weather stations, where in general there are 

measurements of wind speed and direction, temperature, humidity and at some stations air 

Figure 1  Iceland with the locations of Reykjavík, the 

capital, and Seyðisfjörður, the main area of the study. 
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pressure and precipitation. Furthermore, in IMO’s network there are a few manned synoptic 

observations. The synoptic observations provide a wide range of parameters that the automatic 

stations cannot measure and some of them have precipitation measurements as well. The 

manned synoptic measurements are made every three hours, at 00, 03, 06 UTC etc. but the 

number of observations a day and timings depends on the station. However, precipitation is 

only measured at 09 and 18 UTC, which is also local time. Furthermore, there are a few stations 

that only measure precipitation, most at 09 UTC and some also at 18 UTC.  

 Most stations only have a single instrument measuring each type of weather parameter. An 

exception is the measurement patch of IMO. The patch has two roles, firstly it is the main 

location of instruments measuring and monitoring weather and climate in Reykjavík and 

secondly it is a research facility for testing and comparing meteorological instruments and 

testing their durance in Icelandic climate. Having a set of measurements of the same parameter 

from different devices allows for a comparison between the different measurement methods 

and potential identification of any significant difference in measurements due to the choice of 

instrument.  

 

1.3 Observed discrepancies 

The complex terrain in Iceland results in a complicated pattern of e.g. precipitation and 

therefore sometimes measurements at one location may not be representable for a larger area. 

This also results in it being difficult to understand and interpret the difference in measurements 

between places in relative closeness to each other. In addition, the spacing between precipitation 

stations is often large. That is the reality in Seyðisfjörður, a 15 km long fjord, with a width of 

1.5–2 km and steep mountains rising from sea level up to 1,000 m a.s.l. over very short 

distances. There are three weather stations in the fjord, one manned with a standard 

accumulation precipitation gauge and two automatic; a tipping bucket gauge and a weighted 

capacity one. Figure 2 shows the annual accumulated rain from these three different 

precipitation gauges from 2015 to 2020. Due to the complexity of measuring snow, only days 

with average temperature above 3°C are included. 
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Figure 2  Annual accumulated precipitation (mm) from the three different precipitation gauges in Seyðisfjörður 

from 2015–2020. Daily accumulated precipitation from days when average temperature is above 3°C are included, 

i.e. only rain considered. Vestdalur capacity gauge is in red, Seyðisfjörður tipping bucket in blue and Hánefsstaðir 

standard gauge in yellow. 

 

 There is a reoccurring pattern in the annual accumulated precipitation. The most 

precipitation is observed by the standard gauge, then the weighted capacity gauge and the least 

by the tipping bucket gauge. The exception is for the year 2020 where a single unusually large 

precipitation event resulted in great precipitation in the settlement of Seyðisfjörður where the 

tipping bucket is located (IMO, 2020). 

 The main purpose is to explain the observed difference in the three divergently located 

precipitation gauges in Seyðisfjörður and to analyse if a systematic measurement difference, 

divergent location of the gauges, or certain weather regimes can explain it. 

 The second chapter takes on some of the theory behind precipitation in complex terrain and 

its measurement as well as previous studies of relevance. The third chapter explains the 

methodology, data used and some limitations. The results are presented in chapter four and the 

fifth and final chapter discusses the results and has conclusions. 
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2 Theoretical background 
In the following sections the theory behind the study will be explored. There the research 

question is put into context with the theory and which factors are most likely to be the cause of 

the problem addressed.  

 

2.1 Precipitation processes 

Precipitation is not equally spread out over the globe. Heavy precipitation is observed in the 

tropical regions and the lowest precipitation falls over the polar regions. In addition, heavy 

precipitation is observed on the windward side of mountains and the largest gradient in 

precipitation is seen in those areas (Wallace & Hobbs, 2006). Figure 3 shows annual 

precipitation over the globe based on ERA Interim reanalysis data. The most precipitation is 

clearly around the equator and in the tropics, but a secondary maximum in precipitation is found 

at mid-latitudes over the ocean where cyclones carry water northwards in the storm tracks. 

Iceland is located within the North-Atlantic storm track (Woollings, 2020). 

 

 

Figure 3  Annual precipitation over the globe based on ERA Interim reanalysis. Figure from (Björnsson, et al., 

2018) and courtesy of Halldór Björnsson. 

 

 When mountains act as barriers to air flow it forces air to ascend. The moist air moves 

upwards and cools adiabatically, producing clouds and precipitation. Showers and 

thunderstorms usually occur if the air is unstable, but if it is stable, the precipitation will be 

more general and steady. Clouds and precipitation are then in general concentrated on the 

windward side of mountains or upland slopes. As the air then moves over the mountain and 

descends, it warms adiabatically. The moisture-holding capacity is then increased, precipitation 

ceases and clouds usually dissipate. The result is often a rain shadow desert (Guernsey, 1987). 

The process described above is a part of what will be referred to as precipitation processes in 
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this study. That is, the spatial distribution of precipitation in complex terrain and how it is 

enhanced by the terrain, falls to the ground and its intensity. 

 In complex terrain precipitation generated in the upward motion and microphysical 

processes on the windward side of mountains is most robust at the lower levels (Houze, 2012). 

That is, for a high mountain the precipitation is most likely greater on the lower slopes than 

higher up. Furthermore, Houze explains how the height of topography can impact the windward 

precipitation differently. If the mountain that the air flow is passing is low enough, the 

precipitating cloud will be advected over with maximum in precipitation intensity on the 

windward side, but with some spill-over on the lee side. An orographic cloud can also form 

over the mountain so a higher advected precipitating cloud can in a combination with the 

orographic cloud result in enhancement of the precipitation locally on the windward side or top 

with less spill-over from the higher precipitation cloud. In situations where blocking is strong 

or the winds not strong enough to pass over a mountain, the air piles up and the effect of the 

mountain barrier is moved upstream. This can lead to greater precipitation upstream of the 

mountain barrier and then lower precipitation closer to the mountain. In a case study from the 

Alps (Houze, 2012) precipitation was enhanced on the windward slopes of a mountain in both 

unblocked and blocked situations, with the enhancement beginning well upstream of the slopes 

in the latter situation. 

 All this explains that the precipitation pattern in complex landscape is most likely dominated 

by the local elements of the air flow (Brynjólfsson & Ólafsson, 2009) 

 

2.2 Measuring precipitation 

There are many different methods of measuring precipitation, but precipitation gauges are the 

most common instrument. They measure volume or weight of the particles (liquid or solid) that 

are collected over a certain period (UCAR, 2020). The first standardised rain gauge is from 

1441 CE in Korea, it had a resolution of 0.303 cm and was used to measure total precipitation 

and precipitation rate. Around 200 years later, ca 1662, Christopher Wren invented the tipping 

bucket rain gauge which is still used today (Bellis, 2019) although the design and technology 

of precipitation measurement methods has come a long way since then.  

 

2.2.1 Different measurement methods 

There are two main methods of ground-based precipitation measurements, direct and remote. 

Direct methods are for example the standard accumulation, tipping bucket and weighted 

capacity gauges along with distrometers which measure not only precipitation amount but also 
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particle size and type. Remote methods consist mainly of weather radars which measure the 

echo of emitted electromagnetic waves from particles in the atmosphere. Precipitation radars 

have also been mounted on satellites and airplanes. In the study areas, Reykjavík and 

Seyðisfjörður, there are three types of precipitation gauges. A standard gauge, a tipping bucket 

gauge and a capacity gauge with a wind shield. The focus will therefore be on exploring those 

three different measurement methods. 

 The tipping bucket gauge has a funnel that feeds the rainwater into one of two buckets 

mounted on a pivot. When a bucket is full it tips forwards, empties and the rainwater then flows 

into the other bucket. A magnet counter in the mechanism counts every time a bucket tips. The 

size of the bucket determined the precision of the measurements. For example, the Lambrecht 

bucket is designed to tip over when it has 0.1 mm of rain (Lambrecht, n.d.).  

Figure 4 shows an example of a tipping bucket gauge and the inside mechanism. There is no 

collector for the rainwater underneath the rain gauge, but each tip of water flows through the 

gauge and is discarded. 

 

   
 

Figure 4  A tipping bucket gauge showing its housing and funnel as well as the inside tipping mechanism. 

Photograph: Páll Ágúst Þórarinsson, taken 7 July 2020. 

 

 The capacity rain gauge, on the other hand, includes a weight scale that measures the weight 

of the water that is collected in the gauge.  

Figure 5 shows a capacity gauge, the bucket and scale, its funnel and housing. When closed and 

operational the capacity gauge collects precipitation in the bucket but does not dispose of it. 

Therefore, capacity gauges have to be emptied regularly so they do not overflow. A thin layer 

of oil, put on top of the water, prevents evaporation and freezing. 
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Figure 5  Shielded Geonor capacity precipitation gauge in Iceland showing the bucket, scale and housing (on the 

ground). Image from IMO, courtesy of Sibylle von Löwis. 

  

2.2.2 Precipitation measuring errors 

All precipitation gauges are prone to errors, i.e. underestimation of precipitation. In some cases, 

the error can be up to 30% for rain and 50–70% for solid particles, depending on wind speed 

(UCAR, 2020). Here those errors will be discussed shortly and which of them are the most 

relevant for this study. 

 Wind is one of the components which can cause undercatch of precipitation in the gauge. 

Figure 6 shows a schematic image of the air flow over the opening of a precipitation gauge. 

The wind speed over the top is enhanced and therefore light rain or snow can be blown over the 

funnel and less precipitation is then captured by the gauge than is actually falling. The WMO 

reference pit gauge is the accepted method for reducing the wind error. A pit is dug into the 

ground and a precipitation gauge placed in it so the top of the funnel of the gauge is at ground 

level and surrounded by a splash guard (WMO, et al., 2009). In Duchon & Essenberg (2001), 

the average systematic error due to wind was 4% for a standard height gauge in comparison to 

measurements with a pit gauge, but up to 15% in a high wind event. 
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Figure 6  Schematic image of airflow over the opening of a rain gauge. Drawn by author. 

 

 To reduce the mean wind speed and turbulence close to a precipitation gauge above ground 

various styles of wind shields can be used. They are good for measuring rain and almost 

essential for measuring snow. Duchon & Essenberg (2001) found that the rainfall amount 

collected in a shielded gauge had a 1.8% higher catch efficiency than an unshielded gauge.  

Figure 5 shows a photo of a shielded capacity gauge in Iceland. The same type of gauge and set 

up is used in Reykjavík and Seyðisfjörður, at the Vestdalur automatic station. 

 Wetting errors can be a problem in containers that need to be emptied, like when measuring 

precipitation from a standard gauge. WMO warns that error due to wetting of the interior walls 

of a container can be 2–15% in summer but only 1–8% in winter (WMO, 2017). Tipping bucket 

gauges have smaller wetting error loss as they do not need to be emptied, as do capacity gauges 

since the inner walls are weighted as well (UCAR, 2020). 

 Evaporation is a systematic error for a capacity type of gauges such as standard and weighted 

ones. To prevent evaporation from capacity gauges some kind of suppressant can be used, e.g. 

a thin layer of oil on top of the water. The oil layer floats on top and prevents the water from 

evaporating. A three-month long study with two capacity gauges, one with suppressant and one 

without (Leeper & Kochendorfer, 2015), showed that the gauge without the suppressant lost 

almost ten times as much of water as the gauge with suppressant. In Iceland evaporation is a 

relatively small problem since precipitation usually comes in high intensity events and 

evaporation is low (Sattig, et al., 2016). 

 In addition, the tipping bucket gauge can be prone to errors such as loss of water during 

tipping action in heavy rain, spurious tipping of the bucket in high winds, wetting of the bucket 

after it tips resulting in an additional weight on the empty bucket to overcome in the next tipping 
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action, bearing friction and improperly balanced bucket (UCAR, 2020). Then there are errors 

connected to the precipitation rate (intensity) and sampling time as well, with the precipitation 

intensity defined as (number of tips) x (rainfall amount per tip) / sampling time. The tipping 

bucket special uncertainties will be explored further later on with data from Reykjavík from the 

last decade, and compared to measurements from a capacity as well as a standard gauge. 

 Finally, splashing errors are when precipitation captured by the gauge splashes out of it 

again, e.g. in heavy rainfall. Splashing errors are the kind of errors that can be avoided in the 

design of the device. These errors are of least concern since all the measuring devices are built 

and the stations set up to the World Meteorological Organizations’ (WMO) standards to 

minimise errors. 

 

2.2.3 Measuring rain vs. snow 

Measuring snow is in general more challenging than rain. Wind affects solid precipitation 

particles more than rain drops and as mentioned before, the undercatch in measurements of 

solid precipitation particles can be up to 70% depending on wind speed (UCAR, 2020). 

Therefore, some kind of shield mechanism is essential for decreasing the undercatch of snow. 

In addition, if a capacity gauge is not heated the capacity bucket will eventually freeze in winter. 

The gauge then fills with snow, the orifice plugs and prevents further collection and 

measurements. Unheated tipping buckets plainly fill up and the collected snow is not measured 

until it melts and the water runs through the system. Similarly, if the orifice diameter is not 

large enough “capping and dumping” can occur preventing snow to fall into the gauge and/or 

accumulated snow subsequently falls into it (Rasmussen, et al., 2012). Further errors in snow 

measurements are for example evaporation of melted snow in heated gauges.  

 The uncertainty and errors in measurements of frozen precipitation add much complexity to 

a comparison such as in this study. The gauges from IMO used here are not heated and some 

of them not shielded. Therefore, measurements of precipitation in solid form will not be 

included and the term precipitation here is equivalent to rain if not stated otherwise. 

 

2.2.4 Measuring precipitation in complex terrain 

Some specific challenges are faced when observing the weather in complex terrain. The large 

degree of spatial heterogeneity needs to be properly sampled, which requires sufficiently high 

resolution over sufficiently large areas for the data to be representative. The location of weather 

stations needs to be carefully chosen and the position and potential shift of the instruments 

logged in details for complete metadata (Serafin, et al., 2020). 
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 Maximiliano and Garreaud (2015) performed a study on precipitation measurements in the 

Andes mountains in Chile. They collected daily precipitation data from 216 gauges over more 

than 10° in latitude for a decade as well as hourly precipitation from 47 gauges in a similar area 

for a year and a half. They calculated enhancement rates of areal average of annual mean 

precipitation for upstream and upslope gauges, which describes how much the precipitation is 

enhanced from upstream to the windward upslopes. That factor ranged from 1.3 to 2.3, 

depending on latitudinal position, which shows great spatial variability and great precipitation 

enhancement. 

 Few studies have been done on precipitation measurements in Iceland, with emphasis on the 

impact of its complex landscape. Brynjólfsson & Ólafsson (2009) studied the summer 

precipitation pattern in Svarfaðardalur valley and the surrounding mountains in 2009. They 

placed automatic tipping bucket gauges at locations as close as possible to the grid points of a 

numerical weather prediction model. Their observations showed a strong gradient of 

precipitation that was very sensitive to the form or the aspect of the nearby mountains. They 

found that on an hourly basis precipitation in the mountains was as much as four times as 

frequent as in the driest part of the valley. They also concluded that the wintertime precipitation 

in Svarfaðardalur is likely to have greater differences between the areas of low precipitation 

and areas of high precipitation. 

 Sattig, et al. (2016) studied 35 tipping bucket precipitation gauges placed in the fjord and in 

the mountains around Seyðisfjörður during the summer of 2008. The gauges were placed 

around the fjord at heights ranging from near sea level up to around 1,000 m a.s.l. They found 

that locations with high intensity rain mainly were near the fjord opening and that the total 

accumulated precipitation by the eastern most gauges was at least 1.6 times higher than inside 

the fjord, when the overall pattern of precipitation increased from west to east. It is also 

interesting to note that showers only accounted for 10–15% of the total precipitation, i.e. the 

majority of the precipitation was frontal precipitation. 

 

2.3 Summary 

Precipitation processes, i.e. where and how much precipitation falls, are complicated, especially 

in complex terrain when the precipitation pattern can be highly affected by the airflow in the 

terrain. Theory and case studies describe high temporal and spatial variability in precipitation 

pattern depending on the state of the atmosphere and impact of the landscape underneath (e.g., 

Houze, 2012; Wallace & Hobbs, 1977; Brynjólfsson & Ólafsson, 2009). 
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 There are various devices available for measuring precipitation, for example remote sensing 

with ground-based or airborne radars and precipitation gauges on the surface of the Earth. 

Different types of devices are prone to different errors. The focus here is on surface based 

precipitation gauges and the known errors and causes. Undercatch due to high wind speeds is a 

well-known feature that can be a major error with up to 70% undercatch for solid precipitation 

particles and up to 30% for rain drops. Wetting of containers, especially for standard gauges 

when the precipitation is poured between containers for measurement, can as well account for 

up to 15% error (UCAR, 2020). In addition, the tipping bucket gauge is prone to even more 

errors which will be investigated further on for a specific data set in the study. 

 Previous studies on precipitation in complex terrain, identify and discuss the variable 

precipitation patterns, temporally and spatially, but do not conclude why it might be so. By 

using results from these studies and the complicated precipitation process theory the aim is to 

try and answer the question: What is the reason for the difference in accumulated liquid 

precipitation from the three different gauges in Seyðisfjörður and can it be explained with 

relations to weather regimes/patterns. 
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3 Methodology 
 

3.1 Research question 

The purpose is to investigate observed difference in accumulated precipitation from three 

different precipitation gauges located in three different locations in Seyðisfjörður, a fjord in 

East-Iceland. The observed difference is show in Figure 2. Thus, the main research question is: 

 

How can observed difference in three divergent precipitation gauges in Seyðisfjörður be 

explained? 

 

Three sub-questions were made: 

1. Is there a systematic difference in precipitation measurements by different instruments? 

2. Does the location of the gauges in the complex terrain of Seyðisfjörður explain observed 

differences in precipitation measurements? 

3. Can the observed difference between the measurements in Seyðisfjörður be explained 

by different weather regimes? 

 

3.2 Research method 

At the headquarters of IMO, in Reykjavík, in their measurement patch a variety of atmospheric 

measurements are performed and measurements compared for different instruments. In the 

patch there are a few precipitation gauges, three which are of the same types as and have the 

same set up as the precipitation gauges in Seyðisfjörður, a standard gauge, an unshielded 

Lambrecht tipping bucket gauge and a shielded Geonor weighted capacity gauge. To investigate 

the instrumental difference, data from a decade long period in Reykjavík was retrieved and 

compared the measurements to see if there is any systematic difference between measurement 

methods. 

 The terrain in and around Seyðisfjörður is much more complex than around IMO in 

Reykjavík. Theory discussed in the previous section indicates that the complex terrain may play 

a role regarding the variability in precipitation. Theory and results from previous studies are 

applied along with data analysis using measurement of wind speed and direction, temperature 

and precipitation from five different places in and in the vicinity of Seyðisfjörður.  

 Finally, Iceland is positioned in the middle of the North-Atlantic ocean right at the end of 

the North-Atlantic storm track, and experiences frequent weather changes and quite some 

precipitation (Woollings, 2020). Twelve cases are selected to study if the observed difference 
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can be linked to different weather regimes. From theory and previous studies points towards 

that the complex orography is a likely causes for the great spatial variability. 

 

3.3 Data  

There are two main data sets, one spans a decade of data from Reykjavík including hourly wind, 

temperature and precipitation measurements. The other one contains six years of data from 

Seyðisfjörður and surroundings and includes wind, temperature and precipitation 

measurements, both hourly and daily, from five different automatic and manned weather 

stations. The locations of both Reykjavík and Seyðisfjörður were shown in Figure 1. 

 

3.3.1 Reykjavík 

The rain gauges were located in IMO’s measurement patch in Reykjavík. Data from three 

different precipitation gauges, an anemometer at 10 m a.g.l. as well as thermometer and 

hygrometer at 2 m a.g.l. and a barometer at 1.3 m a.g.l. were used. Details of the three rain 

gauges are listed in Table 1. 

 

Table 1  The three precipitation gauges in the measurement patch at IMO. 

Meter Type Height a.g.l. [cm] 

Tipping bucket Lambrecht 150 

Capacity gauge Geonor 150 

Synoptic gauge Standard accumulation gauge 150 

 

 

Figure 7  The measuring patch outside IMO with the three precipitation gauges marked. Photograph: Páll Ágúst 

Þórarinsson, taken during summer 2020. 
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 Figure 7 shows the measurement patch outside IMO with the precipitation gauges (Table 

1) marked. The Geonor capacity gauge has a wind shield to decrease undercatch due to wind 

(as in  

Figure 5). The Lambrecht tipping bucket on the left has no wind shield. The synoptic 

accumulation gauge is to the right, and to the left is the 10-m mast where measurements of 

pressure, wind, temperature and humidity are conducted. 

 The data undergoes automatic and manual quality checks before hourly data is stored. When 

appropriate, forecast data or other observations are used to interpolate over missing periods. 

The data are from 2008–2019 and consists of hourly accumulated precipitation measurements 

from the automatic meters and twice a day from the synoptic gauge. Other parameters are wind 

speed, wind direction and temperature, all available every hour. Furthermore, information on 

precipitation type during the synoptic observation times were used, i.e., every 3 hours 

throughout the day. 

 

3.3.2 Data from Seyðisfjörður 

In Seyðisfjörður there are also three types of rain gauges at three different places in the fjord. 

As shown in Figure 8, the Lambrecht tipping bucket gauge is close to the settlement at the 

bottom of the fjord (Seyðisfjörður, station 4182), the Geonor capacity gauge is on the north side 

(Vestdalur, station 4180) about 3 km away, and the standard gauge is at the farm Hánefsstaðir 

on the south side, further east (station 616), 7 km away from the settlement. In addition, there 

is a weather station at the easternmost point, Dalatangi, both manned and automatic (stations 

620 and 4193), and an automatic mountain station (Gagnheiði, station 4193), to the west, from 

which wind data are used. 

 

 

Figure 8  The location of the weather stations in the Seyðisfjörður area with stations names and numbers. Edited 

screen shot from Google Earth by author. 



   

 

 15 

 

 In Gagnheiði the data can be considered more representative of the general synoptic weather 

situation than inside the fjord since the measurements are less disturbed by complex terrain. 

The automatic meters function as in Reykjavík but the standard gauge at Hánefsstaðir is only 

emptied once a day, at 09 UTC. It therefore only gives 24 hours accumulated precipitation. 

Table 2 shows the instrument setup from the stations, their height above sea and ground level 

and type of instrument as well as the start year of measurement at each place. 

 

Table 2  The weather stations in and around Seyðisfjörður, stations height and starting year and the instruments 

applied here and their height at each site. 

Station  

(station number) 

Station height 

[m a.s.l.] 

Starting year Instrument Instrument 

height [m a.g.l.] 
Seyðisfjörður (4182) 37 2014 Young 5106 

anemometer 

10.0 

   Logan 4159 

temperature meter 

2.0 

   Lambrecht 15183H 

tipping bucket rain 

gauge 

1.5 

Vestdalur (4180) 92 1995 Young Anemometer 10.0 

   Logan 4159 

temperature meter 

2.0 

   Geonor capacity rain 

gauge 

1.5 

Hánefsstaðir (616) 51 2002 Standard 

accumulation rain 

gauge 

1.5 

Gagnheiði (4275) 949 1993 Hydrotech 

WD3/WS3 

anemometer 

10.0 

   Logan 4159 

temperature meter 

2.0 

Dalatangi (4193) 10 1994 Hydrotech 

WD3/WS3 

anemometer 

10.0 

   Logan 4159 

temperature meter 

1.5 

Dalatangi (620) 9.0 1938 Standard 

accumulation rain 

gauge 

1.5 

 

 The data from the Seyðisfjörður region are from 2015–2020 since the newest station, by the 

settlement, has only been operational since October 2014. The synoptic observations at 

Dalatangi were used to determine the type of precipitation along with the temperature measured 

there and at the automatic stations in Seyðisfjörður. 

 

3.4 Data analysis 

There are both automatic measurements and manned in each of the two data sets. As mentioned 

above, manned measurements are only made twice a day and since the period from 18 to 09 



   

 

 16 

UTC passes between dates some of the precipitation registered at 09 may have fallen the day 

before. Comparing standard daily accumulated values from automatic rain gauges to the 

synoptic values would then not be correct as they do not span over the same time interval. This 

was solved by defining a 24-hour interval, starting at 10 UTC, in order for both manned and 

automatic measurements to be within the same time period. For this new shifted day, daily 

accumulated values were calculated and onward accumulated monthly precipitation.  

 As discussed earlier, snow is much harder to measure than rain and the uncertainties can be 

very large (Burt, 2012). Here the focus is on liquid precipitation so days with snow had to be 

removed by defining a temperature threshold.  

 

3.5 Limitations 

Firstly, the data set from Seyðisfjörður is shorter than desired. The automatic station in the town 

was deployed late 2014 and has therefore only been operating for around six years. Secondly, 

there is less data available from Hánefsstaðir than from other stations and gauges. There, only 

24-hour accumulated precipitation is recorded manually and no other parameters. The lack of 

wind data showed itself to be limiting. The fact that the precipitation gauges in Seyðisfjörður 

are not of the same type and do not have the same setup is also an uncertainty factor, but since 

the exact same setup of the same gauges is available in Reykjavík a comparison could be made. 

Remote sensing precipitation, like with radar, has limited use due to the high and steep 

mountains creating the narrow, deep and long fjords. Therefore, data from a weather radar 

located in the study area was of no use. 
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4 Results 
 

4.1 Reykjavík comparison 

Even though the data in IMO’s data base have undergone quality checks some error may still 

remain. The first part was to calculate monthly values from daily precipitation and compare 

them for the different gauges. A few months in 2019 stood out from the otherwise similar 

patterns, with the values from the tipping bucket gauge unusually higher than from the capacity 

gauge and the synoptic measurement. Figure 9 shows the monthly precipitation values from 

2019.  

 

Figure 9  Reykjavík, monthly precipitation (mm) from the three different gauges from 2019. Capacity gauge in 

red, tipping bucket in green and standard gauge in blue. Only days where average temperature was above 3°C are 

used. 

 In April, May and June there is a sudden drop in the monthly precipitation from the tipping 

bucket gauge, and in July, August and September the values from the tipping bucket gauge are 

much higher than from the other two. An examination of IMO’s device and observation station 

data base showed that the tipping bucket gauge had been broken and was not measuring 

correctly. It was repaired in late September. To maintain a 10-year series, the period from 2009–

2018 was used.  

 The second part of the quality check included precipitation at different temperatures. In 

Iceland, sudden changes in temperature during winter from below to above freezing are 

frequent, and thus precipitation can fall as both rain and snow in the winter (December, January 

and February) when the average temperature is around freezing (IMO, 2007). A temperature 

threshold had to be found (Burt, 2012). 10 years of manual observations from Reykjavik where 

snow or sleet in frontal or convective precipitations was observed were investigated.  
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Figure 10 shows the precipitation type and temperature from manual observations where any 

kind of frozen precipitation was observed. 

 

 
 

Figure 10  Precipitation type (WMO code) and temperature in observations where frozen type of precipitation 

was observed in Reykjavík 2009–2018, both as frontal (68–79) and convective (83–90) precipitation. 

 

 

 The precipitation type numbers in  

Figure 10 correspond to the numbers in WMO’s code table for precipitation (WMO, 2017), 

where the precipitation is fully or partly solid particles  (Table 3). Here, freezing rain is 

excluded since it would be even more difficult to measure than snow or sleet.  

Figure 10 shows that snow showers are more often observed at higher temperature than snow 

from frontal clouds. This is to be expected as snow showers come from convective clouds, 

developed in unstable situations, that are often moved into the region from the sea in SW-ly 

winds. Using +3°C as a cut-off for the data set seems to be a reasonable limit. At that limit, 

most precipitation is liquid and only the occasional sleet and snow showers were observed 

2009–2018 over that. Furthermore, the snow or sleet showers that might occur at temperatures 

above the threshold may quickly melt and then drip into the precipitation gauges, only delaying 

the arrival of the value by a relatively short time.  
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Table 3  The WMO ww weather codes for frozen precipitation (WMO, 2017). 

Code 68 69 70 71 72 73 

Type Sleet, light Sleet, 

Medium to 

heavy 

Snow, light 

intermittent 

Snow, light 

continuous 

Snow, medium 

intermittent 

Snow, 

medium 

continuous 

Code 74 75 76 77 78 79 

Type Snow, heavy 

intermittent 

Snow, heavy 

continuous 

Diamond 

dust 

Snow grains Isolated star-like 

snow crystals 

Ice pellets 

 

Code 83 84 85 86 87 88 

Type Shower(s) of 

rain and snow 

mixed, light 

Shower(s) of 

rain and 

snow mixed, 

moderate or 

heavy 

Snow 

shower(s), 

light 

 

Snow 

shower(s), 

moderate or 

heavy 

 

Shower(s) of 

snow pellets or 

small hail, light 

...with or 

without rain or 

rain and snow 

mixed, 

moderate or 

heavy 

Code 89 90     

Type Shower(s) of 

hail, with or 

without rain, 

or 

...rain and 

snow mixed, 

not 

associated 

with thunder, 

moderate or 

heavy 

    

 

 The third and last part of the quality check was to check the correlation of the data. Even 

though correlation calculations returned good values, R2 = 0.93, for the automatic gauges, there 

were some unexplained differences in some observations. Figure 11 shows daily values from 

the automatic precipitation gauges (capacity and tipping bucket) plotted against each other for 

the 10-year period. Measurements where the difference between the gauges was greater than 

10 mm are coloured in red. Other parameters such as high wind, wind direction, or temperature 

could not explain this difference and neither were there any earthquakes that might tip the 

seesaw in the tipping bucket meter and make it register more precipitation. When these errors 

were observed closely, all these cases the tipping bucket measurements were faulty. That was 

concluded after comparing the values from the manual observations from the same days. 
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Figure 11  Reykjavík, automatic precipitation measurements (daily values in mm). Differences greater than 10 

mm in red. The line 1:1 is shown in red and linear regression to the data in blue. 

 

 The manual observations measured similar amount as the capacity meter and the tipping 

bucket meter was different to the other two, both over- and underestimated. If the threshold was 

lowered to 5 mm instead of 10 mm, similar results were observed. However, in that case the 

errors also included observations where it was not obvious if either of the automatic gauges 

were at fault since all three gauges showed different measurements when measuring large 

amount of precipitation. The measurement where there was a difference of over 10 mm between 

the two gauges were disregarded from further analysis. 

 

4.1.1 Reykjavík all data 

Tables 4–8 show the slope, standard deviation and correlation for the three different gauges 

compared against each other, for the whole 10-year period and for each season. The summer 

season is June, July and August (JJA), the autumn season is September, October and November 

(SON), the winter season is December, January and February (DJF) and finally the spring 

season is March, April and May (MAM). 
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Table 4  Reykjavík, statistical values of precipitation measurement for the 10-year period, the slope of the best 

linear regression line, standard deviation and correlation. 

10-years Slope Standard deviation R2 (correlation) 

Capacity ~ 

Tipping bucket 

1.06 0.005 0.93 

Standard ~ 

Tipping bucket 

1.09 0.005 0.92 

Standard ~ 

Capacity 

1.02 0.002 0.98 

 

 

Table 5  Reykjavík, statistical values of precipitation measurement for summer months (JJA) during the 10-year 

period. 

Summer Slope Standard deviation R2 (correlation) 

Capacity ~ 

Tipping bucket 

0.97 0.01 0.90 

Standard ~ 

Tipping bucket 

1.00 0.01 0.90 

Standard ~ 

Capacity 

1.02 0.002 0.99 

 

 

Table 6  Reykjavík, statistical values of precipitation measurement from autumns months (SON) during the 10-

year period. 

Autumn Slope Standard deviation R2 (correlation) 

Capacity ~ 

Tipping bucket 

1.04 0.008 0.95 

Standard ~ 

Tipping bucket 

1.08 0.01 0.93 

Standard ~ 

Capacity 

1.03 0.004 0.99 

 

 

Table 7  Reykjavík, statistical values of precipitation measurement from winters months (DJF) during the 10-year 

period. 

Winter Slope Standard deviation R2 (correlation) 

Capacity ~ 

Tipping bucket 

1.12 0.01 0.91 

Standard ~ 

Tipping bucket 

1.16 0.01 0.91 

Standard ~ 

Capacity 

0.99 0.007 0.95 
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Table 8  Reykjavík, statistical values of precipitation measurement from springs months (MAM) during the 10-

year period. 

Spring Slope Standard deviation R2 (correlation) 

Capacity ~ 

Tipping bucket 

1.05 0.01 0.94 

Standard ~ 

Tipping bucket 

1.10 0.01 0.93 

Standard ~ 

Capacity 

1.03 0.004 0.99 

 

 Best correspondence is between the measurements from the capacity gauge and the standard 

gauge (Table 4). The slope, standard deviation and correlation are all three best for that pair. 

The tipping bucket does not show as good results compared against neither the capacity nor the 

standard gauges. It would have to be corrected by 6% to match the capacity gauge and 9% to 

match the standard gauge. Similar values show for the seasons in Table 5–8; the coherence is 

best for the capacity and the standard gauges and the overall correspondence seems to be worst 

during the winter. That could possibly be explained by the fewer number of days where average 

temperature was above +3°C than during the other seasons (IMO, 2007), resulting in less 

observations. 

 

4.1.2 Reykjavík high wind data 

As mentioned before wind can have great impact on undercatch in precipitation gauges. It is 

therefore of interest to see if there are similar statistical results if only days of higher wind 

speeds are used for the comparison. 

 Only 3.4% of the days had higher average wind speed than 8 m s-1 and 0.7% had higher 

average wind speed than 10 m s-1. Table 9 shows statistical values for the precipitation 

measurements for the 10-year period (all seasons) with days where average wind speed was 

higher than 8 m s-1. 

 

Table 9  Reykjavík, statistical values of precipitation measurement for the 10-year period for days with higher 

wind than 8 m s-1 on average. The slope of the best linear regression line, standard deviation and correlation. 

10-years Slope Standard deviation R2 (correlation) 

Capacity ~ 

Tipping bucket 

1.07 0.02 0.97 

Standard ~ 

Tipping bucket 

1.05 0.02 0.97 

Standard ~ 

Capacity 

0.99 0.01 0.99 
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 The values are similar to the ones in Table 4. The maximum daily average vectoral wind in 

the data set is 12.5 m s-1 coming from a SE-ly direction. As a reminder, the days when the 

average temperature was below +3°C were removed which might be a reason for calmer days 

on average, as stormy days are more common in winter than summer (Jónsson, 2002). The daily 

average vectoral wind speed and direction was calculated by averaging the U and V vectoral 

components of the wind for a day, then to be converted back to wind speed and direction in 

degrees. 

 As in Figure 11, Figure 12 shows daily values from the automatic precipitation gauges 

(capacity and tipping bucket) on days where the average wind speed was higher than 8 m s-1. 

 

 

Figure 12  Reykjavík, automatic precipitation measurements (daily values in mm), only including days where 

average temperature > 3°C and average wind speed > 8 m s-1 . The line 1:1 is shown in red and linear regression 

to the data in blue. 

 

 Both Table 9 and Figure 12 show that the results are similar for all the data and the data 

including only days with stronger wind. The figure also shows that the big errors associated 

with the tipping bucket (and excluded from the first data set) are not from days where there are 

strong winds. 
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4.2 Orographic effects on spatial distribution of precipitation in 

Seyðisfjörður 

Figure 13 shows the precipitation with 

time form the three gauges in 

Seyðisfjörður. The capacity gauge in 

Vestdalur (4180) was unfortunately 

broken from late 2018 until early 2019 so 

other data from that period was removed.  

 Similarly as in Reykjavík, synoptic 

observations from Dalatangi (620) and 

temperature data from the same place 

(4193) can be used to find a temperature 

cut-off threshold to exclude all possible 

snow measurements (location shown in 

Figure 8), which gave a temperature cut-

off threshold of +3°C, the same results as 

for the comparison in Reykjavík. 

 

 

4.2.1 The climate in the fjord 

The complex terrain and the mountains surrounding Seyðisfjörður is shown in Figure 8. Such 

a complex terrain highly affects the flow of air and distribution of precipitation (Serafin, et al., 

2020). As wind observations are only available for the two automatic stations (4180 & 4182) 

but not the manned one (616), Figure 14 shows wind distribution of hourly measurements from 

Vestdalur (4180, a) and Seyðisfjörður (4182, b) from 2015–2020. 

 

Figure 13  The three precipitation gauges in Seyðisfjörður. 

Tipping bucket (4182) in blue, capacity (4180) in red and the 

standard gauge (616) in yellow. 
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Figure 14  Distribution of hourly wind speed and direction observations from Vestdalur (4180, a) and 

Seyðisfjörður (4182, b) from 2015–2020. Calm winds defined as < 0.5 m s-1. 

 

 Calm conditions are here defined as below 0.5 m s-1 and those observation are almost twice 

as common in Seyðisfjörður (4182) as in Vestdalur (4180). The effects of the landscape are 

clear, as there are overall two main wind directions observed. First, Vestdalur has mostly E-ly 

and W-ly winds, the directions of the fjord itself. Second, SSW-ly and NNE-ly winds are 

common at the bottom part of the fjord/valley where the settlement Seyðisfjörður is located. As 

in Reykjavík, stronger winds were observed and are of equal interest. Figure 15 shows the wind 

distribution from a) Vestdalur and b) Seyðisfjörður with wind speed higher than 8 m s-1. 
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Figure 15  Distribution of hourly wind speed > 8 m s-1 from a) Vestdalur (4180) and b) Seyðisfjörður (4182) from 

2015–2020. 

 

 Very similar to Figure 14, the strongest winds are clearly controlled by the landscape (Figure 

9). At Vestdalur winds come from WNW direction down a valley and from ENE along the 

mountain on the north side of the fjord. In Seyðisfjörður the directions are different, but again 

controlled by the landscape, coming nearly only from SSW and NNE, just as the fjord and 

valley lies. 

 If all days are included to calculate the monthly accumulated precipitation the total value for 

each month is higher, especially during winter months. Figure 16 shows a) average monthly 

accumulated precipitation in and b) monthly average temperature from Seyðisfjörður.  
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Figure 16  a) Average monthly precipitation (mm) from Seyðisfjörður from all three gauges and b) monthly 

average temperature (° C). All data 2015–2020. 

 

 This gives an average yearly precipitation of 1,357 mm in Vestdalur, 1,486 mm in 

Seyðisfjörður and 1,883 mm at Hánefsstaðir. These numbers are from a third to more than two 

times bigger in comparison to Figure 2 and shows that a lot of precipitation falls when the 

temperature is below the defined threshold of +3°C. It must be noted that December 2020 had 

an unusually large precipitation event that skews the monthly average compared to other 

months. Almost all of that precipitation fell as rain, so the data is also included in Figure 2 

(IMO, 2020). The monthly average temperature shows that for the average of the last six years, 

no month exceeds +10°C, thus the climate can be classified as Arctic (Köppen, 1936). 
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4.2.2 Orographic effects 

Comparing the daily precipitation from the capacity gauge to the tipping bucket the results are 

different from Reykjavík. The linear regression shown in Figure 17 shows a different slope and 

lower correlation than shown in Figure 11 from Reykjavík which means the gauges are not 

measuring similar values in precipitation events as in Reykjavík. There are a few observations 

with a great difference, where the tipping bucket measured 20–80 mm more rain than the 

capacity gauge. They were, however, not removed since similar values were observed in the 

standard gauge at Hánefsstaðir. 

 

 

Figure 17  Automatic precipitation measurements (daily values in mm) the capacity gauge (in Vestdalur) vs. the 

tipping bucket (in Seyðisfjörður), only including days when average temperature > 3°C. The line 1:1 is shown in 

red and linear regression to the data in blue. 

 

 To quantify how much the annual precipitation differs simple ratios were calculated. Figure 

18 shows those ratios between annual precipitation from the three gauges. On average, 

compared to the tipping bucket in Seyðisfjörður (4182) the capacity gauge in Vestdalur (4180) 

measures about 21% less. On the other hand, compared to the synoptic standard gauge at 

Hánefsstaðir the tipping bucket measures 19% less (but 25% less if the year 2020 is 

disregarded) and the capacity gauge 36% less.  

 



   

 

 29 

 

Figure 18  Ratio between gauges of annual precipitation in Seyðisfjörður. Values below 1.0 mean that the first 

gauge measures more precipitation than the latter. 

 

 A precipitation rose is similar to a wind rose, see e.g. Figure 14, but where wind speed has 

been exchanged for precipitation amount. Figure 19 shows two precipitation roses from 

Vestdalur (4180, a) and Seyðisfjörður (4182, b) using daily average wind direction with daily 

precipitation above 1 mm day-1. The daily average vectoral wind direction is calculated 

similarly as in section 4.1.2 on Reykjavík high wind data.  

 The precipitation distribution shows a similar, yet different pattern than the wind roses in 

Figure 14. For Vestdalur, even though the westerly winds are more frequent and stronger than 

the E-ly, little precipitation is observed in those directions compared to the E-ly. Very few, but 

relatively high precipitation events are observed from SSE as well. The same goes for 

Seyðisfjörður but from NNE and SSW. There the weaker winds from the NNE bring greater 

precipitation, and the stronger winds from SSW bring less, but still considerable, precipitation. 

Little or no precipitation is observed from other directions. 
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Figure 19  Precipitation roses, i.e. daily precipitation (above 1 mm day-1) as a function of daily average vectoral 

wind direction, at a) Vestdalur (4180) and b) Seyðisfjörður (4182). 

 

 The local wind climate in the fjord is not representative for the general weather situation 

over and around East-Iceland. More representative is the mountain station Gagnheiði (4275) 

(Figure 8). Stationed at 949 m a.s.l. it rises above most of the surrounding mountains so there 

are less effects from the terrain on the wind observations. Comparing precipitation data from 

the three stations in the fjord can be useful to see connection between precipitation events, 

amount and ruling wind direction in the weather pattern. Figure 20 shows precipitation roses 

using the daily average vectoral wind from the mountain station Gagnheiði and daily 

precipitation above 1 mm day-1 from Vestdalur, Seyðisfjörður and Hánefsstaðir.  

  



   

 

 31 

This shows which directions are dominant 

during days with precipitation and that much 

less precipitation, both in amount and 

frequency, is observed from the west and 

northwest. The precipitation pattern is very 

similar between all three places and shows 

the general increase in precipitation with 

most precipitation at Hánefsstaðir and least at 

Vestdalur. In the few and small precipitation 

events in W-ly and NW-ly directions least 

precipitation is observed at Hánefsstaðir and 

more at the other two stations. A comparison 

with wind data from Dalatangi and 

precipitation from the three gauges in the 

fjord were also made. However, Dalatangi 

seems to be too close to the mountains, and 

the peninsula too steep so conclusions were 

difficult. 

 The difference in daily precipitation 

between the gauges was calculated (>1 mm 

day-1) and its distribution compared with the 

daily average vectoral wind direction from 

Gagnheiði. a shows the difference in daily 

accumulated precipitation between Vestdalur 

(4180) and Seyðisfjörður (4182) where more 

precipitation was observed in Seyðisfjörður. 

c is the difference where less precipitation 

was observed in Seyðisfjörður. b shows the difference between Vestdalur and Hánefsstaðir 

(616) where more rain was observed at Hánefsstaðir and d is the difference where less 

precipitation was observed at Hánefsstaðir. Vestdalur was chosen to be the reference in these 

difference calculations since it has more instrumentation measuring more atmospheric 

parameters than Hánefsstaðir and a longer measuring time series than Seyðisfjörður. 

Figure 20 Precipitation roses, daily precipitation 

(above 1 mm day-1) at a) Vestdalur (4180), b) 

Seyðisfjörður (4182) and c) Hánefsstaðir (616) with 

daily average vectoral wind direction at Gagnheiði 

mountain station (4275). 
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For SE-ly winds it rains more in 

Seyðisfjörður than at Vestdalur. Note that 

although E-ly winds with precipitation are 

less frequent, the difference in precipitation is 

large. Similarly, the difference between 

Vestdalur and Hánefsstaðir when the 

precipitation is more at Hánefsstaðir, has the 

biggest differences common in the more E-ly 

winds. Winds also stretch more towards the 

north and there is a local maximum for NNE-

ly winds. In general, a difference is seen for 

E-ly wind directions as well as higher values 

in accumulated precipitation. The number of 

observations shows there are two to three 

times as many days where the precipitation is 

higher at Seyðisfjörður and Hánefsstaðir than 

at Vestdalur, the distribution shows no 

distinctive pattern like for the other cases as 

well as the values are lower. 

 To link the wind directions in Vestdalur 

and Seyðisfjörður to the synoptic weather 

situation it is worthy to inspect the relation 

between the wind direction at Gagnheiði 

mountain station and the stations down in the 

fjord. Figure 22 shows a wind rose with data 

from Gagnheiði, hourly observed wind speed 

and direction. The SW-ly directions are the 

most common and have the strongest winds. 

Nearly all wind observations above 30 m s-1 

have this directions. The SE-ly winds are less 

common but are strong and the occasional 

observation is above 30 m s-1. NNE-ly winds 

are common with strong winds as well but are 

rarely observed above 30 m s-1 and the same 

Figure 21 Difference in daily precipitation (above 1 

mm day-1) where precipitation in a) Seyðisfjörður 

(4182) is more than in Vestdalur (4180), b) 

Hánefsstaðir (616) is more than Vestdalur, c) 

Vestdalur is more than in Seyðisfjörður and d) 

Vestdalur is more than at Hánefsstaðir. 
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goes for ENE-ly winds. The NW-ly directions are almost absent which is quite common in 

Iceland and calm winds seldomly occur which is not surprising for a station located at 949 m 

a.s.l. (Einarsson, 1976). 

 

 

Figure 22  Wind rose from Gagnheiði (4275) mountain station using hourly observations of wind speed and 

direction from 2015-2020. 

 Figure 23 shows the daily average vectoral wind direction from Gagnheiði against the daily 

average vectoral wind direction from Vestdalur and Seyðisfjörður. In Vestdalur there are two 

main trends (Figure 14). First, winds with E-ly components (0°–180°) at Gagnheiði become 

easterly (~80°) in Vestdalur. Second, winds with westerly component (180°–360°) become 

westerly (~280°). However, strong S-ly winds reach the fjord without much change in direction 

in Vestdalur. In Seyðisfjörður there are two main trends as well. In general, S-ly and SW-ly 

winds above result in the SSW-ly winds while NE-ly winds become NNE-ly down in the fjord.  

 

        

Figure 23  Daily average vectoral wind directions from Gagnheiði against the daily average vectoral wind 

directions form a) Vestdalur and b) Seyðisfjörður. 
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4.3 Precipitation in different weather regimes 

Due to the complex terrain, the observed difference in precipitation is likely not occurring in 

any type of weather events. Some wind directions may in general bring more precipitation than 

others, and some directions may even bring more precipitation to one gauge than other. 

 In order to know when to expect these big difference events it would be useful to know the 

synoptic weather situation leading up to them. Figure 24 shows the synoptic situation over the 

North-Atlantic as thumbnails during 12 selected precipitation events with the greatest 

differences observed (over 20 mm day-1). The maps are forecasts from the European Centre for 

Medium-Range Weather Forecasts (ECMWF), the high resolution global forecast model, 

displaying precipitation in green colours and mean sea level pressure with black lines. The 

events were selected by calculating the difference in daily precipitation between the two 

automatic gauges and picking out those when the difference was more than 20 mm day-1, and 

when there was more rain in Seyðisfjörður than Vestdalur. Some precipitation events lasted for 

more than one day, with big differences observed for more than one consecutive day. For these 

cases only one of those days during the longer period event is shown in the thumbnail image. 

In addition, days were selected from various years and seasons. 

 Figure 24 shows two main themes of synoptic situations. Firstly (i), the more common theme 

is when low pressures coming from Newfoundland and Canada travel along the North-Atlantic 

storm track, pass by or over SE-Iceland on their way to the Norwegian Sea (thumbnails a, b, c, 

d, e, f, i, j, and l) (Woollings, 2020). Secondly (ii), less frequent and only observed for lower 

precipitation differences, around 20–30 mm day-1, where lows hit S- or SW-Iceland and move 

into Irminger Sea by Greenland to dissolve (thumbnails g, h and k). Then, in the latter theme, 

frontal precipitation stretches up along the east coast of Iceland returning smaller amounts in 

Seyðisfjörður fjord than in the first theme. The isobars show that all of those main events have 

geostrophic winds ranging from SSE to about NE in East-Iceland. They occur in all seasons 

except spring (around May), which is on average the calmest month in Iceland (Jónsson, 2002). 
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Figure 24  Synoptic situation over the North-Atlantic during selected precipitation events with the greatest 

differences observed (over 20 mm day-1) between Seyðisfjörður and Vestdalur. ECMWF forecast maps showing 

precipitation (green) and isobars (black). 

  

 There are more components to the synoptic weather situation during the days when the great 

difference in observed precipitation was. Figure 25 and Figure 26 show geopotential height 

composite means over the North-Atlantic from the two main themes, based on these 12 selected 

days. They show the mean geopotential height in m at 1,000 mb for the two separate themes. 

The images are built with a web tool from NOAA/ESRL with NCEP reanalysis data (Kalnay, 

et al., 1996).  
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d e f 
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 Figure 25 shows the theme (i) with a low positioned south of Iceland and a high over 

Greenland. The second theme (ii), in Figure 26, has the low positioned closer to Greenland and 

in Irminger Sea with a large high pressure region to the south that stretches up to Scandinavia. 

 

Figure 25  Mean geopotential height in m at 1000 mb over the North-Atlantic showing a high over Greenland and 

a low over and by Iceland as well as a high pressure region to the south. Provided by and used with permission 

from NOAA/ESRL Physical Sciences Laboratory (Kalnay, et al., 1996). 

 

 

Figure 26  Mean geopotential height in m at 1000 mb over the North-Atlantic showing a low by Greenland and 

Irminger Sea and a strong high pressure region to the south, streching up to Scandinavia. Provided by and used 

with permission from NOAA/ESRL Physical Sciences Laboratory (Kalnay, et al., 1996). 
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 The question remains if there are any days where there is significant amount of precipitation 

yet small observed difference between the gauges. According to a and b i.e., when a 

considerable difference in measurements can be expected, have vectoral average wind 

directions ranging from 40° to about 170°. Selecting the days with those wind directions, daily 

precipitation over 10 mm day-1 and a difference of minimum 10 mm day-1 results in only 35 

days, around 3% of the total 1,270 days in use. Those 35 days are then around 7% of the days 

that have wind directions ranging from 40° to 170°, which are the days where the difference 

can be expected. During these few events, the maximum daily precipitation is at least three 

times less than in the events where the difference is high. Thus, there are few days with large 

amount of precipitation but small differences between the two locations. 
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5 Discussion 
 

5.1 Comparison of data from Reykjavík 

The measurement patch by IMO in Reykjavík is a great place to do a comparison of co-located 

observations as there are many instruments measuring the same atmospheric component in a 

small area. The statistical calculations of the precipitation observations were well in line with 

the problems encountered during the quality check. The data from tipping bucket gauge 

correlated worse than the data from the other two did, the capacity gauge and the synoptic one, 

when compared to each other. It is not uncommon for the gauges to get blocked by things from 

the environment, e.g. bird droppings. The opening on the tipping bucket gauge is smaller than 

on the capacity and the synoptic one, and is therefore more easily blocked. This may possibly 

lead to the gauge sometimes returning strange values. Furthermore, both the capacity gauge and 

the standard gauge have wind shields and those affect the amount of rain cached by the gauge 

by reducing wind in the vicinity of the gauge opening (UCAR, 2020; Duchon & Essenberg, 

2011). 

 When filtering for errors, and larger amounts of precipitation (20–40 mm day-1), all the 

gauges measured values in a similar range, but still the difference was up to 5 mm between 

gauges. These large errors did not occur when the winds were stronger (Figure 12), which in 

some way contradics theory. The tipping bucket gauge is in general prone to many errors and 

one of them is spurious tipping of the bucket in high winds (UCAR, 2020). Other parameters 

such as wind and wind direction as wind has been known to affect precipitation measurements, 

which needs further investigation. 

 The statistical values all show good performance for the automatic gauges, compared to the 

manned observations. The correlation between the capacity gauge and the standard gauges was 

the highest (R2 = 0.98) and the spread of the data (standard deviation) lowest (2 = 0.002). The 

slope of the linear regression between the capacity/standard gauges and the tipping bucket 

(Figure 11), was greater than 1, i.e. the tipping bucket measured less rain than the others gauges. 

Including only wind speeds greater than 8 m s-1 gave the same results. This investigation 

suggests a correction factor of 6–9% for the overall 10-year period is found, which is different 

than the 4% suggested by theory (UCAR, 2020). This should be taken account for when 

comparing measurements from other locations where different types of rain gauges are not co-

located. 
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5.2 The complex terrain of East-Iceland 

As seen in Figure 2 with the three rain gauges in the fjord, the capacity gauge in Vestdalur 

measures the least precipitation, followed by the tipping bucket in Seyðisfjörður village, while 

the standard one at Hánefsstaðir, the easternmost station, captures the most. From the 

comparison in Reykjavík, where the tipping bucket gauge is underestimating the precipitation 

by 6–9%, the difference between the rainfall between Vestdalur and the village is even larger 

than seen from the observations. This also emphasises that the difference between the two 

locations is not explained by a systematic difference in measurement methods, but has to be 

explained by the orography. 

 As the climate in Seyðisfjörður classifies as Arctic, parts of the precipitation falls as snow 

(Köppen, 1936). A comparison of the annual values in Figure 2 and Figure 16 show that the 

temperature threshold of 3°C removed considerable precipitation, most of it likely in solid form. 

Knowing how hard it can be to measure precipitation in solid state, how big the undercatch can 

be, and how much the different set up of each gauge can affect the measurements, including the 

solid precipitation would likely have skewed the results (UCAR, 2020; Duchon & Essenberg, 

2001; WMO, 2017). The comparison from Reykjavík showed that there is a small systematic 

difference between instruments that may have to take into account. Adding the frozen 

precipitation to the data set as well would make the complexity and difficulty of making solid 

conclusions therefore even harder. 

 The pattern in Figure 23, the relation between wind at Gagnheiði mountain station and the 

two automatic stations down in the fjord, connects the wind rose from Gagnheiði (Figure 22) 

and the wind roses from the two automatic stations at Vestdalur and Seyðisfjörður (Figure 14). 

It shows a variety of observed wind directions at 949 m a.sl. on Gagnheiði, resulting in only 

two main directions at each station lower and near sea level. It is a projection between the wind 

on Gagnheiði and the stations below in the fjord, which makes a connection between the overall 

synoptic (geostrophic) and local winds. This may come as no surprise to those who have worked 

in forecasting or with meteorological data from Iceland or other places with complex terrain. 

The terrain of the fjord, shown in Figure 8, is clearly a dominant factor in changing the wind 

directions at Vestdalur and Seyðisfjörður. That goes for both weak and strong winds 

(Brynjólfsson & Ólafsson, 2009; Houze, 20112). 

 Houze (2012) found that in both blocked and unblocked situations a maximum in 

precipitation can be moved upstream of the airflow. That could explain why there is most 

precipitation measured at Hánefsstaðir, as it is the easternmost station used in the comparison. 

This is in agreement with the results of Sattig et, al. (2016) where they found the precipitation 
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to gradually increase towards the opening of Seyðisfjörður in the east. That does, however, not 

explain why there is least precipitation observed at Vestdalur, but not Seyðisfjörður village at 

the bottom of the fjord. NE-ly winds bring precipitation to the area as shown in Figure 20, and 

the overall synoptic situation in events with great difference is shown in Figure 24. NE-ly winds 

are almost never observed at Vestdalur, they are projected to E-ly winds, as Figure 23a shows. 

A possible reason for this low precipitation might be that there is a precipitation shadow in 

these NE-ly directions at Vestdalur which then observes dryer E-ly winds while Seyðisfjörður 

and Hánefsstaðri, in the bottom and the south side of the fjord, observe great precipitation. 

 The precipitation roses from Vestdalur and Seyðisfjörður (Figure 19) fit the wind roses very 

well (Figure 14). The W-ly winds frequently observed in Vestdalur almost never bring any 

precipitation. When the synoptic scale winds have a W-ly component, the projection of wind 

directions at Gagnheiði to Vestdalur (Figure 23a) mainly shows a SW-ly direction. That wind 

blows over land over long distances (Figure 1) and is therefore generally dry and thus does not 

bring precipitation into the region. The projection between the wind on Gagnheiði and in 

Vestdalur and Seyðisfjörður (Figure 23) shows that the other main wind at Vestdalur and 

Seyðisfjörður are mostly coming from the sea, which are the directions observed in precipitation 

events. 

 There are large differences in measurements between the gauges in Seyðisfjörður. 

Comparing the automatic gauges, the tipping bucket most often has the greater value which 

might be suspected as instrumental error but in those events, the standard gauge at Hánefsstaðir 

also measures great values The difference in precipitation measurements during those events 

can be considerable, but not as high as between the automatic gauges. Therefore, the 

measurements where the tipping bucket had much greater values could not be discarded as in 

Reykjavík. These are not instrumental error, but spatial spread in precipitation in Seyðisfjörður, 

with an average of 20–36% difference. 

 The precipitation roses with the difference in precipitation between Vestdalur and the other 

two stations in  emphasise in which wind directions the large difference events mainly occur. 

They come from directions ranging between 40° and 170° which are all directions from over 

the sea with humid air bringing more precipitation. These days made the criteria for which 

events to investigate the synoptic weather situation over the North-Atlantic and if the observed 

difference could be linked to different weather regimes. 
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5.3 Different weather regimes 

In order to know when to expect the big difference events it was essential to know the synoptic 

weather situation over the North-Atlantic. The weather maps for selected events (Figure 24), 

i.e., when the difference between the gauges was over 20 mm day-1 showed two main themes. 

First, (i) which was the more common, where a low moves by the S- and E-coast of Iceland 

into the Norwegian sea. That theme also showed a strong high pressure over N-Greenland. 

Second, (ii) has the low more to the west, over Irminger Sea and south tip of Greenland and a 

high pressure over Scandinavia. That theme was more seldom but both of those themes fall well 

into the known track of lows in the North-Atlantic storm track (Woollings, 2020).  

 In (i) the observed difference between the gauges is more than in (ii), reaching over 80 mm 

day-1 while the maximum difference from the second theme is just below 36 mm day-1. This 

difference can be explained by the two synoptic themes. The strong high over Greenland in (i) 

pushes the lows further south, following the North-Atlantic storm track south and east of 

Iceland where they bring considerable precipitation to the SE- and E-coasts. The high in (ii) 

over Scandinavia on the other hand keeps the lows away further west and they move in to 

Irminger Sea bringing more precipitation to the SW-and W-coasts of Iceland but less frontal 

precipitation in the east.  

 The pressure gradient in both themes shows the wind at Gagnheiði mountain station to be 

approximately the geostrophic wind. The projection of the Gagnheiði winds shown in Figure 

23 helps making the connection of both wind and precipitation directions from sea level in the 

complex terrain of the fjord to the geostrophic wind and therefore to the synoptic situation over 

the North-Atlantic. That has a practical component as it can help to forecast when to expect 

great precipitation differences as the ones studied here. That is, by following the forecasts for 

the overall synoptic situation one can estimate roughly when to expect which kind of events. 

 These two themes accounts for the cyclones moving in from the south and the associated 

frontal precipitation in East-Iceland, as Sattig et al. (2016) found that convective precipitation 

is a small part of the precipitation observed in Seyðisfjörður. That leaves two additional possible 

themes, a low moving against the current from the east to west toward the east coast of Iceland 

or polar lows coming in the cold air from the Arctic south to the North-Atlantic. As the former 

one was not found in this study, it probably only occurs on rare occasions and it is likely that 

the polar lows were not included due to the temperature threshold. However, potentially they 

might play a role during wintertime. 

 Days with considerable precipitation (over 10 mm day-1) where the difference between the 

gauges is small (less than 10 mm day-1) are very few, only 3% of total days. On these few days 
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the precipitation events are as well not as big as on other days where the difference was big. 

This indicates that when there is little precipitation, the difference between the gauges is small, 

and when there is great precipitation, greater difference between the gauges can be expected, 

especially between Vestdalur and the other two, Seyðisfjörður and Hánefsstaðir. 

 

5.4 Future outlook 

The knowledge from this study can be applied elsewhere than just in Seyðisfjörður or East-

Iceland. The instruments used are applied internationally and built to WMO standards. In the 

midlatitudes where extratropical cyclones and frontal precipitation is a dominating factor this 

knowledge in combination with an understanding of local landscape can help understand the 

spatial distribution of precipitation in complex terrain. The connection between synoptic 

weather situation can be made, e.g. through a projection of the geostrophic wind to local wind 

by using a mountain station where the airflow can be assumed to be less disturbed by the terrain, 

such as was done here for Gagnheiði mountain station, or by using observations or model results 

at low levels in the troposphere. 

 This study still leaves some things untouched and provokes new questions. It would be 

interesting to see if the theory on upstream precipitation maximum from Houze (2012) could 

be applied even better by analysing if a blocking situation plays a role, using temperature and 

wind data from Dalatangi, stations in the fjord and Gagnheiði mountain station. The systematic 

undercatch in the tipping bucket gauge could be investigated further using case studies of high 

and low amount precipitation events to see if the difference is connected to types of events to 

increase understanding of when to expect the undercatch to be significant. The suggested 

precipitation shadow at Vestdalur in N-ly direction could be verified with a study similar as 

Sattig et al. (2016) or Bryjólfsson & Ólafsson (2009) by sampling precipitation over a shorter 

period of time in a denser net and even compare it to the highest resolution model data available. 

Lastly but not least, this research focussed on rain. The precipitation had a temperature 

threshold at +3°C to avoid the complication of frozen precipitation. Brynjólfsson & Ólafsson 

(2009) suggested the wintertime precipitation in a complex terrain valley likely to have even 

greater differences that summertime precipitation. Having a better understanding of rain is 

essential but the potential larger differences for snow should be noted. Better measurements of 

snow through in situ measurements or well-placed weather radar are needed to understand the 

precipitation pattern better and how different it can be from rainfall. 
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6 Conclusions 
The aim was to see if the observed difference in precipitation at three stations in the fjord 

Seyðisfjörður, all with different type of precipitation gauges, could be explained. The 

investigation was divided into three steps. First, to check for systematic difference between 

measurement methods by studying the same setup of precipitation gauges co-located in the 

measurement patch at IMO in Reykjavík. Second, to explore how the complex terrain in and 

around Seyðisfjörður could play a part in the spatial distribution of precipitation and lastly to 

see if the difference could be connected to different weather regimes in the synoptic weather 

situation. 

 There is a systematic difference in precipitation measurement by different instruments. An 

underestimate in precipitation of 6–9% was observed from tipping bucket gauges compared to 

weighted capacity and standard gauges. It rains in the Seyðisfjörður area in winds with E-ly 

components at Gagnheiði mountain station, ranging from about 40° to 170°, and when it rains 

in these directions much more precipitation is observed in Seyðisfjörður village and 

Hánefsstaðir than at Vestdalur. The difference between measurements from the gauges were 

observed up to and above 80 mm day-1. On average this difference is 20–36% and is due to the 

complex terrain and its effect on the airflow and precipitation processes but is not a systematic 

error in measurement due to the choice or set up of instruments. The precipitation events, where 

it rains much more in Seyðisfjörður than in Vestdalur, can be classified in to two themes. One 

where a low is travelling along the North-Atlantic storm track to the Norwegian Sea and another 

one is where a low is stationed SW or W of Iceland in Irminger Sea and a high stretching up 

over Scandinavia. Convective precipitation makes up for a minimal part of the total 

precipitation and is not linked to events with great observed difference. Events with 

considerable precipitation but little observed difference are only around 3% of the total and do 

not exceed 40 mm day-1. The overall pattern therefore points towards that the greater the amount 

of precipitation, the greater difference can be expected. 
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