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Preface 

Chase Manhattan PIc., London, England, requested NVE to establish the best possible 

inflow series to the Svartisen power plant and to analyse the historie and future trends 

in water inflow. This involved investigations of data quality and regional trends, as 

well as identifying the glaeier impaet on inflow. 

Rune Verpe Engeset was the project 1eader and prepared the report. Contributions to 

the report were provided by Lars Andreas Roald (reeonstruetion and analysis of 

inflow series and trend analysis), Rune Verpe Engeset (degree-day modelling and 

inflow analysis), Hallgeir Elvehøy (PT -eorrelation modelling), Liss Marie 

Andreassen (map eomparison), Erik Roland (hydrological method), Bjarne Kjølmoen 

(mass balanee observations and their correlation) and Nils Haakensen (glacier 

observations). Inger Karin Engen, Roar Sønsterud and Leif Johnny Bogetveit assisted 

in establishing data series for analysis. 

Statkraft SF's Erik Ruud and Noreonsult's Ame Johan Carlsen both reviewed and 

eommented on the report. The primary foeus of their eontributions was assisting in 

the hydrologieal analysis process, in partieular working with NVE in the 

determination of the eorreet water inflow series. Their eontribution and assistanee 

prov ed invaluable and is very mueh appreciated. 

Oslo, Mareh 1999 

Kjell Repp 

Direetor of Hydrology Department 

Erik Roland 

Seetion Manager, Glacier and Snow Seetion 
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Summary 

The major objectives of this work have been to establish the best possib1e inflow 

series to Storg1omvatn in northem Norway with and without glacier impact, and to 

investigate and identify any trends in these inflow series. 

As glaciers cover approximate1y 40 % of the natural basin, the glaciers act as a major 

controlling agent on inflow to the reservoir. Thus, the sub-objectives of the project 

have been to investigate the historie and future glacier impact on water inflow to the 

natura1 Svartisen reservoir, and to identify the key trends in glacier impact on future 

water inflow. 

The inflow figures for the reservoir are based on the gauging station 160.5 (old 

number 890) Storg1omvatn ndf., which was destroyed during the upgrading of the 

reservoir in the 1990's. As inhomogeneities have been observed in the data from this 

station, a homogeneous data series was reconstructed by estab1ishing new rating 

curves. A regional analysis of discharge series was conducted to identify the most 

probable points of changeover, which in this study were identified as 1958 and 1984. 

Historically, the glacier impaet on inflow was estimated using three different mode1s 

for annua1 glacier volurne change. This study conc1udes that the glaciers contributed 

with surplus water from 1930 to 1989. During the 1930's, in particular, the glaeiers 

released water that had been accumulated over many years entailing much higher 

inflow figures than was observed for the glacier-free catehments in the region. In the 

last few decades, the glaeiers have been c10se to in balance, meaning that there has 

not been a net inerease or decrease in the volurne of the glaciers. 

The reconstructed inflow series, onee correeted for the influence of the glaciers, 

demonstrates a flat trend during the observation period 1930-1989, which is in 

accordance with regional pattems for the same period. Non-glacierised series in the 

region indicate an inerease in the 1990's. Trend analysis on the uncorrected station is 

not generally advisable from a professional hydro1ogical standpoint due to the high 

glaeier influence. A comparison of average inflow between 1931-1960 and 1961-

1989 shows a relative decrease from the former to latter period. It is our eonsidered 

opinion that the deerease is due to the unusually high glaeier melting, which occurred 

during the 1930' s and the faet that the glaciers have approached equilibrium with the 

current climate. 

Future glacier impact was modelled using a few possible c1imate change seenarios. 

All results indicate that the glaciers' mass will deerease, and thus providing higher 

inflow figures than would be expected for glacier-free catehments in the region. 
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1. Background 

1.1 The Svartisen area 

The Svartisen area (Figure l ) is located between 66° and 67° N and 13° and 15° E, 

and intersects the Polar Circle. The area is mountainous with peaks of between 1500 -

1800 m a.s .1. , and has several glaeiers. One third of the total glacierised area in 

northem Scandinavia is in this area. The Svartisen glacier complex co vers 370 km2 

and consists of two major ice caps, Vestisen (to the west) and 0stisen (to the east). 

Study area 

. ~ 

Figure 1. The Svartisen area. 

• 08charge Jwiier leveislatim (NVE) 

• tJøleordogicat sation (DNMI) 

8 Referenæ calc:hmenls 
Nahr al dranage to Staglomvatn 

ReselVoirs 

•
Glader 
Ulk. 

The area is dominated by westerly winds, however the area' s precipitation pattem 

shows great spatial variation. Near the coast, the climate is maritime with high 

precipitation rates, whereas the areas further east is in the rain shadow and receives 

considerably less precipitation. 
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1.2 The Svartisen hydrological scheme 
Interest in hydropower development in the Svartisen region was triggered at an early 

stage, due to the high precipitation and specific diseharge of water inflow in the area. 

This inflow is provided both by preeipitation and glacial melt. During the autumn 

and winter, preeipitation is high. The winter precipitation tends to fall as snow, which 

generally aeeumulates. During the summer this melts eausing higher inflow during 

this season. 

About 40 % of the eatehment to the Storglomvatn lake are glacierised. Glacial 

eontribution is defined in terms of net balanee of the glacier. Greater aeeumulation of 

snow on the glacier during the winter than ablation (melt) of snow and iee during the 

summer is defined as a positive net balanee. The ratio of ablation versus aeeumulation 

during a year is dependent on numerous faetors, in partieular the meteorological 

conditions during the year. 

This dependenee on meteorologieal eonditions for both the preeipitation and glacier 

eontributions to the inflow seems to imply a high degree of variability. However, this 

variability is eonsiderably moderated by the faet that high glacial melt tends to 

happen in warmer years, when there is less precipitation and vice versa. 

These attraetive hydrologieal features were reeognised and as early as 1920, Norsk 

Hydro built a hydropower plant in Glomfjord, using the Storglomvatn lake as the 

reservoir. This lake forms the basis for the current Svartisen power plant and we 

understand that it is inflow to this reservoir that will be the basis of the Project' s 

inflow analysis. 

In 1950, a significant ehange of the operation of the reservoir as a eonerete front plate 

reinforeed the dam, and the capacity of the power station was inereased. The total 

eatehment area was 256.0 km2 in size. In 1955, diverting water to the reservoir from a 

nearby eatehment ealled Terskaldvatn inereased the supply of water. The eatehment 

area to Storglomvatn inereased by 25 km2 or 10 %, which implies approx. 60 mill. m3 

additional water per annum. Several other power plants have been built in the 

surrounding area sinee. 

In the 1980' s, an extensive hydropower development was undertaken in the Svartisen 

area forming the eurrent Svartisen seheme. Altogether, the development has a 

eatehment area of 556 km2, and an average inflow of 1,614 mill. m3 water per annum 

(as ea1culated based on data from the period 1931-60). The average annual inflow to 

the old Storglomvatn reservoir was nearly half of that of the new seheme. The 

Glomfjord power station eontinues to operate, albeit at a mueh lower level. The 

Projeet effectively entailed the inc1usion of the inflow to the Glomfjord power station 

along with the collection and transfer of additional water discharged from the 

catchment areas west and east of Svartisen. 
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The catchment area of Storglomvatn represents nearly half of the catchment area of 

the current Svartisen power plant. The inflow series for station Storglomvatn ndf. is 

used for upscaling by volurne to a inflow series for the current Svartisen power plant. 

The Storglomvatn catchment area is 40 % glacierised, as compared to 37 % for the 

Svartisen power plant catchment. 

1.3 The Svartisen glaeiers 

The two ice caps of Svartisen, Vestisen in the West and 0stisen in the east (Figure 3), 

are the two largest glaciers in the area, covering 221 and 148 km2 respectively 

(Østrem et. al. 1973). The two ice caps consist of 60 glacier outlets, which range in 

altitude from 20 to 1580 m a.s.l. The Svartisen area also consists of several smaller 

glaeiers, some of them composite glaeiers like Glombreen and Høgtuvbreen (an east

facing part of a small ice cap south of Svartisen). All glaciers in this area are believed 

to be warm based (that is , not frozen to the ground). Measured maximum ice 

thickness on Vestisen is more than 600 m (Sætrang 1988). The bed topography under 

Vestisen is undulating with a major over-deepening near Storglomvatn (Figure 2 and 

Figure 3), where the thickest ice mas ses are found. 

VESTISEN 

Storglomvatn 
{585-460} 

Figure 2. Oblique aerial photograph of Vestisen and Storglomvatn taken 19 

August 1985. Two of the three glacier outlets of Storglombreen are calving into the 

lake. Photo by Fjellanger Widerøe AS. 

Historically, the Svartisen glaciers have fluctuated in size. After the previous lee Age, 

the glaciers were at their largest around the middle or at the end of the eighteenth 

century as a result of the cold climate in the so-called Little lee Age (Hoel and 

Werenskiold 1962). Later, the glaciers retreated, although minor advances have 

subsequently occurred. The glaciers' retreat was particularly rapid during the period 

between 1930 to 1960 (Theakstone 1965). 
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At Austerdalsisen, a southern outlet of Svartisen (Figure 3), the glacier retreat during 

this century exposed a lake. This lake was sometimes suddenly emptied and caused 

severe inundation. Therefore a by-pass tunnel was built in the 1950's. A similar 

retreat of Engabreen (one of the major outlet glaciers from Svartisen) was observed in 

the 1930' s due to the forming of a lake and the subsequent calving into this lake. 

During the last decades, a few of the western outlets of Svartisen have advanced 

again, however other glaciers in the Svartisen area are still retreating or are more or 

less in stable positions. 

Svartisen glaeier complex 
o 10 km 

t t 

A-Austerdalsisen, D -Dimdalsbreen, E -Engabreen, F-Fonndalsbreen, 
Fi -Fingerbreen, Fl -Flatbreen, H -Høgtuvbreen, L-Lappebreen, 
N-Nordfjordbreen, Sg -Storglombreen, Sv -Svartisheibreen, 
T - Trollbergdalsbreen, 13 - Tretten-flull-to breen 

Figure 3. Map of the Svartisen glacier complex. The natural drainage area of 

Storglomvatn is drawn with dotted line. 
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1.4 Previous work used for report 
The oldest water discharge stations (or "gauging stations") in the area are in the river 

Rana and date from 1908, and in the river Saltdalselv from 1912. The gauging 

stations established between 1908 and 1912 were later affected by the Rana hydro 

powerplant which regulated the flow. 

The Fykanvann and Glomfjord water gauges in river Fykanåga date from 1913 and 

1914 respectively and both have been operating since. Fykanvann has nearly 100 km2 

glacier cover within its catchment area, which contributes to about 40 % of the total 

catchment area. This area is approximately the same as the Svartisen scheme under 

consideration. 

The Selfors and Arstadfors water gauges in Beiarelv river were established in 1916 

and have about 6 % glacier contribution. The Svartisdal water gauge is located on the 

south side of Svartisen and 45 % of the area is glacierised. It has been operating since 

1929. 

In the 1960's, the large-scale hydropower development of the Svartisen area was 

started. As a consequence, several gauging stations were established in the area to 

represent different drainage basins, to investigate the water supply. Special attention 

was given to examining the glacier impact on the discharge pattems of high mountain 

basins and partially glacierised basins. 

The oldest discharge stations were simply water gauges put up at an appropriate place 

in the river and a local observer registered the water levelon a daily basis. Water 

discharge was measured at different water leveis. Later, automatic recording 

instruments were instalied. Currently, approximately 20 automatic discharge stations 

are in operation in the Svartisen area. 

To obtain further hydrological knowledge for hydropower planning, mass balance 

studies were started at Engabreen and Trollbergdalsbreen (a small valley glacier east 

of Svartisen). In 1971, studies were started at Høgtuvbreen. Since then, mass balance 

studies have been carried out on a total of six glaciers in the area; Engabreen, 

Storglombreen, Tretten-null-tobreen, Trollbergdalsbreen, Svartisheibreen and 

Høgtuvbreen. Engabreen has been continuously investigated since then so that it can 

act as a reference series. Sixty years of mass balance measurements exist from the 

Svartisen area. 

Glacier investigations inc1uded ice thickness measurements by radar (Kennett and 

Elvehøy 1995, Sætrang 1988), ice velocity (Elvehøy and Haakensen 1992, Elvehøy 

et. al. 1997) and sediment transport in glacier streams (Kjeldsen 1983, Kjeldsen et. al. 

1988). 
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2. Objectives 
The major objeetive of this work is to: 

).- establish the best possible inflow series to Storglomvatn, 

).- establish the best possible inflow series to Storglomvatn in which the impaet of 

glaciers, regulated lakes and transfer systems is eliminated, 

).- investigate and identify any trends in these inflow series. 

As glaeiers eover approximately 40 % of the natural basin, the glaciers aet as a major 

eontrolling agent on inflow to the reservoir. Thus, the sub-objeetives of the projeet are 

to investigating the historie and future glacier impaet as follows: 

).- determine the impaet of the glaciers on historie water inflow to the natural 

Svartisen reservoir, 

).- verify whether any inerease/deerease in the volume of the glaciers has been 

responsible for any trend in observed water inflow to the reservoir, 

).- identify the key trends in glaeier impact on future water inflow. 
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3. Hydrological methods 

3.1 An overview 

The Storglomvatn catchment has changed due to artificial transfers of water from 

other natural catchments. The inflow to the reservoir is modelled accordingly (Figure 

4). 

To reconstruct the natural variation in the inflow series for use in long-term trend 

studies, the impact of the following components must be the eliminated: 

~ transfer system of Terskaldvatn 

~ changes in the regulated reservoir; the dammed Storglomvatn lake 

~ changes in the unregulated reservoir; the Svartisen glaeiers 

I Precipitation I 

! ! ! ! 

Inflow / discharge 

Figure 4. Above is a schematic illustration of the Svartisen hydrological system. 
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The series of annual inflow figures ("inflow series") are established by observing the 

discharge / water leveis. These water level observations are then entered into a 

formula (known as a rating curve) , which converts water level observations into 

discharge figures. 

As the river bed changes over time due to erosion and sediment deposits, so the rating 

curves need to be re-evaluated. One of the key points of analysis is the identification 

of the point in time when the rating curves change, i.e. the point from which at new 

rating curve should be deigned and applied. 

The analysis of inflow homogeneity and glacier correction analysis assurnes that 

different catehments in the same region behave in a similar manner; that is if 

catchment-specific impact of glaciers, transfer systems, and regulated reservoirs are 

eliminated. To eliminate the impact of the glaeiers (which, given that glacier coverage 

is approximately 40 % of total catchment area of the power plant, is significant on 

annual basis), complementary methods have been undertaken to estimate the annual 

surplus or deficit from the norm caused by the glaciers (as expressed as the net 

balance). The methods have been used to analyse scenarios on future glacier impact 

in the area under a variety of meteorological conditions. The glacier can thus be 

thought of as a natural reservoir. This point is illustrated in Figure 5. Therefore to 

analyse annual inflow to the reservoir, the glacier impact has been removed and 

analysed separately from the non-glacial annual inflow. 

18 
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FiguTe 5. GladeT impact on inflow. 

3.2 Hydrological monitoring in Norway 

Systematic measurements of the discharge for various stations are based on 

observations of the water leveis, as the measurement of discharge is time-consuming 

and costly and it is often not feasible to observe the discharge directly. Originally, the 

water level was observed manually once a day on a staff gauge. However, most of the 

station network was later supplemented with chart recorders, observing the water 

level continuously. Some stations, such as Storglomvatn ndf, which is a key station 

for this scheme, are quite inaccessible in parts of the year. 

The water level is currently monitored at approx. 740 stations in Norway, where the 

discharge is calculated based on a known relationship between the discharge and 

water level, using the rating curve. Most Norwegian discharge stations have been 

situated upstream of a hydraulic jump in the river (i.e. waterfall or other sirnilar 

discontinuity). Thus, backwater will not usually affect the relationship between the 

water level ("stage") and discharge, except in the winter. Assuming that there is a 
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unique relationship between stage and discharge, the rating curve is fitted by 

examining the following type of equation: 

q=a(h+dh)b 

where q is the discharge, h the stage (water level) and a, band dh are constants, which 

have to be calculated us ing a number of simultaneous observations of stage and 

discharge. 

A rating curve normally comprises severai segments. Each segment is valid within a 

range of water leveis, and separate equations are fitted to each range based on double 

exponential regression analysis. The controIling section of the riverbed, which is 

used to determine this relationship, may change because of sediment accumulation in 

the riverbed or because of erosion. This occurs usually in connection with large 

floods. When the controlling section of the station has changed, a new rating curve is 

constructed based on new discharge measurements. At some Norwegian long-term 

stations, the discharge is therefore estimated using a succession of rating curves each 

valid for a limited period of time. 

It has occasionally been necessary to move some long-term stations (for instance in 

the construction of a dam) and if this move does not affect the catchment area 

significantly, then the two series are linked together using a simple scaling in order to 

obtain a homogenous series based on the ratio of the catchment areas or inflows. 

The homogeneity of the rating curves is supervised by occasional field measurements 

of the discharge, which is compared to the water level and to the existing rating curve. 

The measurement of the discharge is usually done by velocity measurements using a 

current-meter, and in some turbulent streams by salt dilution methods. 

Changes in the controlling section can also be identified using statistical analysis of 

the discharge series. Major changes can be identified applying jump tests to the series 

itself. A better way is to use data from comparable stations, whieh vary in a similar 

way to the station under eonsideration. 

3.3 Calculation of the inflow to reservoirs or 
naturallakes 

Many Norwegian gauging stations are situated in naturai lakes in order to avoid 

problems of backwater arising due to ice in the winter. The water lev el is monitored 

at one location, and is used both for calculating the volurne of the lake and the 

outflow through the oudet. When a flood wave enters the lake, the narrow oudet will 

restriet the outflow. The lake has usually a large surface eompared to a river reaeh, 

and has the eapability of storing considerable volurnes of water without a large raise 

in the water level. 

A reservoir can be viewed as a lake, with some additional charaeteristies. Water 

drains through a tunnel or a num ber of pipes to a power station. Many reservoirs are 
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equipped with spi11ways, which serves as an outlet when the water level reaches a 

threshold. Alternatively, excessive floods may be drained by bypass tunnels or 

through gates in the dam. Some reservoirs have the intake point to the power station 

below the dam. In a similar manner to natural lakes, a reservoir alleviates floods, 

unless the reservoir is full, when flooding may be aggravated. A natural lake also 

tends to serve as a reservoir and given its ability to accumulate precipitation and 

release it again in the form of melt, so can a glacier. 

The inflow to a reservoir or a naturallake is calculated by correcting the outflow for 

the attenuating effect of storage. This is obtained byestimating the effect of changes 

in the lake or reservoir volurne. The outflow is also corrected for diversions in and out 

of the reservoir and upstream bas in. Water levels are monitored in approx. 600 

reservoirs. There is a unique relationship between the reservoir level and the reservoir 

volume relative to a reference level, and this relationship is expressed in tabular form 

as a stage-volume table. Ca1culation of the inflow into a reservoir or a naturallake is 

based on; a) observation of the outflow, b) water leve! of the lake or reservoir, c) the 

stage-volume table, and d) diverted discharge in and out of the basin. 

The inflow may be ca1culated at a point downstream the reservoir or reservoirs. The 

discharge series is then corrected for changes in the reservoir volurnes at the point of 

interest, based on the equation of continuity: 

q tils = qdisch +dM / dt+ qin - q"ul 

where qtils is the ca1culated daily inflow, qdisch is the observed discharge at the point of 

interest, dM/dt is the change in the discharge caused by storage/release of water from 

all upstream reservoirs, qin is additional discharge coming into the stream from 

outside the basin, and qout is discharge diverted from the basin. The calculation is 

based on daily values, and the contribution of the reservoir is calculated from 

volurnes derived from the daily water level and the stage-volume table. 

The accuracy of the water levels is usually l cm or even coarser, depending on the 

exposure of the gauge to waves and other disturbances of the water surface. An error 

of some cm will correspond to fairly large volurnes in large reservoirs, and 

corresponding large uncertainty in calculating the daily change bas ed on finite 

differences. Inflow series tends therefore to exaggerate the peaks with negative inflow 

values before or after. The inflow series has to be corrected for such effects, and this 

requires a time-consuming control procedure to identify errors in the reservoir leveis. 

We can smooth out such effects, but it is usually necessary to examine the underlying 

data thoroughly. 

The national Norwegian hydrological database, Hydra Il, comprises a large number of 

"tilsigsserier" (inflow series). These series are calculated by correcting the observed 

discharges by the upstream reservoirs and diversions. These series cannot be 

considered as natural flow series, since the attenuating effect of naturallakes prior to 

the construetion of the reservoirs has not been taken into account. This requires that 
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the natural rating curves are known prior to the development, and that is usually not 

the case. The river channel has also some attenuation effects, which requires use of 

river routing. A long-term "tilsigsserie" or inflow series should therefore be used with 

care in rivers with several reservoirs, and with data both prior to and after the 

development. 

3.4 Trend and jump analysis 
The series can be analysed for possible trends and abrupt shifts. Such methods have 

been used extensively in recent years in order to map climate variability and to detect 

possible c1imate change as predicted by the atmospheric global circulation models 

resulting from the increasing release of greenhouse gases to the atmosphere. 

Sneyers (1991) summarises some of the methods, which have been applied. In this 

study, the following methods have been applied; a) visualisation using Gauss-filter, b) 

linear trend analysis with application of the t-test of significance, c) Spearmans trend 

test, d) Mann-Kendalls trend test, (Mann 1945, Kendall 1976), e) Pettits test for 

jumps (Pettit 1979), f) Schumann hierarchical trend test comprising the Mann

Whitney-Wi1coxon test for jump in the mean, the Chi2 - test on the distribution, the F

test for jump in the variance and the Two-Sample t-test for similarity of the means of 

two sub-series (Schumann 1994). The homogeneity of the various inflow series have 

also be en tested by double-mass analysis. 

3.5 Homogeneity testing of flow series 
The quality of discharge data is dependent on the quality of the rating curve. This 

requires a stable river channel to control the relationship between the stage and 

discharge. 

It is also necessary to cover as much as possible of the range of water levels at each 

station. The rating curve has not been measured at sufficient high levels at all gauging 

stations. Many stations are remote and have been inaccessible at the time of floods. 

The levels around the mean annual flood are usually weU covered by measurements. 

The estimate of the mean annual flood is therefore usually good, even if the estimated 

high or low flows can have substantial errors. 

The Hydrology department of NVE is now improving rating curves based on 

surveying of the controlling section and hydraulie modelling. A problem in some 

rivers, and in particular in glacier-fed streams is the accumulation of sediments in the 

controlling section of a gauging station. This accumulation may be eroded during 

large floods. This accumulation may become more of a problem if the flood river 

regime changes as a result of activities in the upstream basin. 

A change in the controlling section may occur graduallyas sediments are 

accumulated or as a sudden shift during a flood. The best way of identifying such 
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changes is by direct discharge measurements (Ibbit & Pearson 1987), but this is not 

always feasible. 

A popular technique to locate errors is double-mass analysis (Searcy & Hardison 

1960, Alexandersson 1986). This technique is based on the assumption that there is a 

constant ratio between the site under consideration, and one or more reference 

stations. The technique is used both by meteorological and hydrological services in 

many countries. The annual series are accumulated year by year. The accumulated 

sum of one series is plotted against the accumulated sum of the other. As long as there 

is indeed a constant ratio, this graph will define a straight line. The differenee 

between the straight line and the actual point of the line may be plotted. The deviation 

between the actual points and the ideal line can be tested for significance, using the 

usaS-test or the test by Alexandersson. Double-mass analysis will usually identify 

the time of a sudden shift affecting the homogeneity at one of the sites. This ensUreS 

that it is a helpful method of establishing in which year or years the measured rating 

curve changes have actuaUy occurred. 

However, it is necessary to test against other reference series to verify the results. 

The interpretation of the results of double-mass analysis requires some care. It is 

necessary to consider the basin properties, in particular the presence of multiyear 

reservoirs, such as glaciers or large reservoirs in one but not the other basin. The 

method may still be used, provided that the storage effects can be removed. It must be 

remembered that if a change in homogeneity is detected, the cause may be either in 

the series being tested or in the reference series. If precipitation series are considered, 

it is usual to ca1culate a reference series, which are constructed as an average of a 

number of series within a region. In case of runoff series, we prefer to use more than 

one reference series, and to do double mass analysis com paring the reference series as 

weU to identify less suitable reference series. 
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4. Glaciological methods 
The following complementary approaches have been undertaken to analyse the inflow 

series, historical and future glacier mass balanee changes and their impact on inflow 

to Svartisen reservoir: 

~ identifying the geometrical and v01umetric changes from 1968 to 1985 using map 

comparison, 

~ estimating annual glacier volurne changes using the hydrologica1 method, 

~ mass balanee observations using traditional field methods, 

~ correlation analysis of mass balanee data from the glaciers in the area, 

~ mass balanee estimation using correlation with mass balanee and meteorological 

observations, 

~ mass balanee modelling using a degree-day model. 

Comparison of the results from those methods will be used to assess the impact of the 

glaciers on the inflow, between 1930-90 and also any future impact given various 

possible climatic change scenarios between 1990 and 2050. 

4.1 Geometrical and volumetric changes 
estimated using map comparison 

Observations of front fluctuations and repeated mapping of glaciers give information 

about the changes in both their geometry and their volurne. The front position of a 

glacier can be measured by survey of the glacier front or by simple distance 

measurements from caims outside the glacier. Fluctuations of the glacier front can 

also be extracted from topographical maps (the cartographic method). 

Measurements of area and length variations are useful, but changes in length do not 

necessary reflect overall changes of a glacier. It is the change in volurne, which truly 

represent the increase or decrease of the glacier size. Similar studies have been 

carried out by NVE on other Norwegian ice caps (Andreassen 1998, Kjøllmoen 

1996). 

The data processing involves construetion of digital terrain models (DTM) from the 

topographic data in a Geographical Information System (GIS). The thickness change 

is calculated by subtracting the DTM's. This calculation gives a difference grid with 

the altitude differences in glacier ice, fim and partly snow. To compare with volurne 

change calculated from other methods one need to convert altitude differenee to the 

difference in water equivalents by multiplying the grid with the density of ice. The 
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volurne change figures should also be modified for the additional melting that occurs 

from the date of photographing to the end of the season. 

The accuracy of the final result is affected by a number of factors. The result will be 

influenced byerrors in the original topographic data, data transformations, 

interpolations and calculations. Factors determining the accuracy of the topographic 

data are the photo scale of the verticals (a larger scale I lower fly height gives a 

smaller standard error) , the accuracy of the geodetic reference network and the 

precision of the constructor. The quality of the aerial photos used is also crucial and 

especially the characteristics of the snow surface. Constructing contour lines over 

snow areas is always difficult due to the poor contrast, and the accuracy will be lower 

in those areas. Digitising analogue maps introduce horizontal random errors due to 

the accuracy of the digitiser and the condition of the analogue manuscript, and errors 

could be introduced when converting data from laeal co-ordinate systems, 

interpolation of DTM's and in GIS overlay operations (Burrough 1986). 

4.2 Estimating annual glaeier volume changes 
using the hydrological method 

Using the hydrological method (Rogstad 1942), the annual inflow series to the 

Storglomvatn reservoir are compared with an annual discharge series from a 

catchment without glaciers. From glacier maps, which cover most of the catchment of 

Storglomvatn constructed from arial photographs in 1968 and 1985, we compute the 

total glacier volurne change during this period and add this back to the Storglomvatn 

inflow series in the same interval, Le. glacier shrinkage will increase the inflow and 

vice versa. Thus we were able to correct for the glacier impact on the inflow to 

reservoir in 1968-85. The relationship between total glacier corrected inflow and the 

total discharge from the glacier-free catchment gives us the factor to scale the annual 

discharge from the latter catchment to get the annual glacier corrected inflow. By 

subtracting the observed annual inflow to Storglomvatn, we get the annual glacier 

volurne change in the catchment. 

The hydrological method assumes that the hydrological regimes respond similarly in 

the main catchment and a reference catchment, that is, the glacier-corrected inflow of 

the catchment Qcorr and the inflow of the glacier free reference catchment Qref are 

related according to 

Qcorr =le . Q r~r 

The inflow is glacier-corrected to eliminate any differences in response possibly 

caused by the glaciers. The total inflows of the main and reference catchments, Q and 

Q.efr respectively, may be expressed as 

Q=Qcorr+AV 
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where • V is the water volume retained or released by the glacier in the main 

catchment. 

If observations are available of Q, Qref, and • V, the scaling factor k is found 

according to 

k = (Q - L~.v) / Qr~t 

When k is estimated, the glacier-corrected inflow of the main catchment Qcorr is 

found by scaling the inflow in the reference catchment Q-ef using k. The difference 

between the scaled inflow and the observed inflow for the main catchment provides a 

figure for the glacier net balance, that is 

~ V = Q - k . Q ref 

4.3 Mass balanee observations using 
traditional field methods 

Traditional observations of mass balanee use stakes and towers to measure 

accumulation and ablation of snow and ice at different elevations. The winter 

balanee is the total of accumulated mass (accumulation) during the winter. The 

summer balanee is the total of melting (ablation) during the summer. The net 

balanee is the sum of the summer and winter balances. Specitic mass balanee is 

given in metres water equivalent (m w.eq.), and represents the thickness of a layer 

(covering the glacier) of water lost or accumulated by the glacier during a mass 

balance year. Volume change is given in (normally millions of) m3 and represents the 

volume of this water layer. 

Extended sampling networks for snow depth sounding and snow density 

measurements have been defined to describe the area distribution of accumulated 

snow to improve the accumulation estimates. The field campaigns are repeated 

annually in May (winter balance) and September (summer balance), and 

complemented with one visit during the winter and one visit during the summer to 

maintain the stake and tower network. Description of the methodology may be found 

in Kjøllmoen (1998) and østrem and Brugman (1991). 

4.4 Correlation analysis of mass balanee data 
from the glaeiers i n the area 

Specific mass balances (winter, summer and net balance) are measured and ca1culated 

at Engabreen for the period 1970-98. Using linear regression analysis, functional 

relationships for the three mass balance terms between Engabreen and the other 

glaciers with shorter observation periods are established. A similar study was carried 

out by NVE at the glaciers Folgefonn and Hardangerjøkulen (Elvehøy 1998). 
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4.5 Mass balanee estimation using correlation 
between mass balanee and 
meteorological observations 

As we have explained, the winter and summer balances control the net mass balance 

of a glader. The winter mass balance is the increase of mass during the winter season, 

mainly controlled by predpitation rates and wind drift patterns. The summer balance 

is the decrease of mass during summer mainly by melting of snow and ice. There are 

several processes involved in providing energy for this melting, i.e. solar radiation, 

release of sensible heat from relatively warmer air blowing across the glader, and 

release of latent heat from condensation of water vapour in the air blow ing across the 

glader. The influence of these processes varies constantly throughout the melt season. 

Both terms apply for any single point at a glacier, but where measured they are 

calculated at a finite number of points across the glacier from which average numbers 

for the whole glacier area is calculated. 

Here, an empirical approach is used to estimate area-averaged mass balance terms 

using temperature and precipitation data from a nearby meteorological station. Within 

a confined area, the distribution of predpitation is fairly constant from year to year, as 

is the shifting of snow by wind drift. Thus, a functional relationship between winter 

precipitation at nearby meteorological stations and yearly averaged winter balance 

can be established. 

The three melt processes mentioned above can be correlated to summer air 

temperature as a first-order approximation. Hence, the averaged summer air 

temperature may be used as an indicator of total melting. Regionally, the spatial 

distribution of summer mean air temperature is fairly constant from year to year. 

Therefore functional relationships between mean summer temperature at a 

meteorological station and summer mass balance may be established (Liestøl 1969, 

Tvede 1979). 

These results assume that the glader area does not change. Historical data show that 

most of the glaciers in the Svartisen area had significantly larger areas early in this 

century than in 1968. Therefore, the effect of changing area on the modelled results 

will be discussed. Modelling will initially produce specific values of mass balance. 

The area estimates (established in Section 5.2) are then used to derive total mass 

balance values. A similar study was recently carried out by NVE at the gladers 

Folgefonn and Hardangerjøkulen (Elvehøy 1998). 
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4.6 Mass balanee madelling using a degree
day madel 

The glacier mass balance has been simulated using a degree-day (DD) model, as 

described in Sælthun et al. (1998) and J6hannesson et. al. (1993). The model used in 

this study is the MBT (Mass Balance of Temperate glacier) model and was provided 

by T6mas J6hannesson. Similar models have been widely used in mass balance 

modelling in the past (Braithwaite 1984, Reeh 1991, Laumann and Reeh 1993). 

The model calculates precipitation, snow accumulation, snow melt and refreezing, as 

a function of altitude based on observed temperature and precipitation. The total mass 

balanee is then calculated. 

The model us es daily, monthly or annual observations of precipitation. Temperature 

may be given as daily or monthly mean values or as sinusoidal function of period one 

year. If temperature is given as monthly mean values or as a sinusoidal funetion, 

determination of number of positive DD's is based on a statistical approach, where 

temperature deviations from monthly mean or from sinusoidal function are assumed 

to be distributed with a standard deviation. Precipitation on the glacier is assumed to 

be snow if the ealculated temperature for the elevation interval is below a threshold 

temperature, usually near l cc. Precipitation data may be corrected for wind (separate 

corrections apply for snow and rain). Melting of snow and glacier ice is calculated 

from number of positive degree-days (PDD). Separate DD faetors apply for snow and 

glacier ice. Below a threshold snow thickness, the DD factor is calculated as a 

weighted mean of snow and glacier ice DD factors to account for surface mixing of 

snow and glacier ice in the elevation interval. Liquid water produced by rain or 

snowmelt is stored in the snow until exeeeding a threshold fraetion (normally 5 to 10 

volurne per cent). The liquid water may refreeze, but at a lower rate than melt. The 

storage of liquid water delays run-off with respeet to melt on-set. 

For eaeh elevation interval, the ablation is defined as the sum of negative melt and 

liquid water, and accumulation is defined as the sum of preeipitation. The mass 

balanee is the sum of ablation and aecumulation. Mass balance can be eomputed for a 

year or part of a year. 
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5. Data sets 

5.1 Commentary of the sufficiency of data 

A large set of discharge and inflow series was available for this study. The available 

data sets were used extensively in this Project to ensure that the results are as reliable 

as possible. The analysis would have been simplified if quality control had been 

carried out on the observations at 160.5 (890) Storglomvatn ndf. between 1949 and 

1990, the uncertainty in the contribution from the Terskaldvatn transfer were known 

and sufficient data from downstream of the station 160.5 (890) Storglomvatn ndf. 

were available. 

Furthermore, extensive observations of glacier mass were available. However, the 

reliability of the results from the mass balance analysis would improve if more 

observations of mass balance at the glaciers draining to the Storglomvatn reservoir 

were available, so that the natural variation in time and space was represented in a 

more complete manner. 

Compared to other analyses in Norway and elsewhere, a large amount of raw data 

was available and thus sufficient for a thorough analysis. 

5.2 Inflow data 

Table 1 and O provide an overview of hydrological stations and observations. 

Table 1. Catchment characteristics of stations in the Svartisen area. 

Station River Basin area Lake Glacier Altitude range 
No Name Ilkm2] 1[%] [%] [m a.s.l.] 
160.5 Storglåmvatn ndf. Fykanåga 243.3 40.80 
160.1 Storglåmvatn Fykanåga 242.5 
160.2 Fykanvatn Fykanåga 288.0 
160.3 Glomfjord power station Fykanåga 288.0 
160.6 Navnløsvatn Fykanåga 4.1 
160.10 Øvre Navervatn Fykanåga/Naverelv 11.8 0.50 
160.11 Nedre Navervatn FykanågaJNaverelv 22.0 
156.8 V.l Svartisdal Rana 121.5 45.54 
156.8 v.2 Sum Svartisdal + Berget Rana 
156.10 Berget Rana/Glåmåga 211.3 33.57 
156.11 Diversion Terskdalsvatn Rana/Glåmåga 25.0 22.80 
157.3 Vassvatn Kjerringå 16.1 16.60 0.40 173-1108 
159.3 Engabrevatn Breelva 50.4 2.34 5-1594 
159.12 Engabreelv Breelva 38.6 77.61 
161.2 Selfoss Beiareiv 796.8 5.08 
161.7 Tollåga Beiarelvffollåga 225.5 1.03 0.00 370-1416 
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161.9 Gråtåga Beiarelv/Gråtåga 115.1 0.49 16.90 162-1637 
162.2/3 Skarsvatn Lakselv 143.8 0.00 
166.1 Lakshola Lakså 230.0 
152.4 Fustvatn Fusta 520.0 1.61 
168.1 S torv atn Lommerelv 70.58 14.0 1.0 56-1180 

Tahle 2. Overview of discharge and water level in the Svartisen area. h is 

observed water leveis, q is observed discharge, v is reservoir volum es, t is inflow 

series and qpr is dicharge through power station. 

Station Period Data type Comments Old no. 
160.5 Storglåmvatn ndf. 1930 1989 h,q,t Basis for inflow calculation 890-0 

Suspected change of controlling 
section in 1984 

160.1 Storglåmvatn 1924 1997 h,v,t Inflow series (natural) back to 1914 715-11 
based on observation at Fykanvatn 

160.2 Fykanvatn 1914 1994 h,q Basis for original inflow series at 715-12 
NVE together with Glomfjord power 
station. Stage-volume table is not 
available 

160.3 Glomfjord power 1914 1997 qpr 715-13 
station 

160.6 Navnløsvatn 1955 1991 h,q 1219-11/12 
160.10 Øvre Navervatn 1957 1997 h,v Must be used in inflow calculation at 1690-0 

Fykanvatn 
160.11 Nedre Navervatn 1957 1997 h,v Must be used in inflow calculation at 1691-0 

Fykanvatn 
156.8v.l Svartisdal 1929 1997 h,q,t 881-0 
l56.8v.2 Sum Svartisdal + 1955 1997 q 

Berget 
156.10 Berget 1950 1997 h,q Affected by spillover due to glacier 1133-0 

darnrned lake in 1957 
156.11 Terskaldvatn ndf 1955 1997 h,q Diverted to Storglomvatn. Estimated 1194-0 

by sCaling after 18.07.73 
157.3 Vassvatn 1916 1997 h,q,v,t Comparison series 714-0 
159.3 Engabrevatn 1969 1997 h,q,v,t 1774-0 
159.12 Engabreelv 1987 1995 h,q 2724-0 
161.2 Selfoss 1916 1997 h,q Change in controlling section in 717-0 

1954. Suspect decline in discharge 
caused by karst 

161.7 Tollåga 1972 1998 h,q New reference station 1919-0 
161.9 Gråtåga 1991 1998 h,q New reference station 2133-0 
162.2/3 Skarsvatn 1916 1997 h,q Comparison series 720 
166.1 Lakshola 1916 1997 h,q Comparison series 727 
152.4 Fustvatn 1908 1997 h,q,t Comparison series 705 
168.1 Storvatn 1916 1991 h,q Comparison series 730 
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5.3 Meteorological data 
Long and short-term meteorological observations from stations operated by the Norwegian 
Meteorological Institute (DNMI) are available according to Table 3. 

Table 3. Meteorological observations from DNMI stations. DT and DP signify 

daily values for temperature and precipitation, and MT and MP signify monthly 

values. * Type is classified as follows: N is a precipitation station, A is an automatie 

station and VK is a weather station. 

Meteorological station Type* Obs .. period Avail. NVE Elev. [m a.s.l.] 
80200 Lurøy N 1923 - 74-98 (T) 115 
80700 Glomfjord VK 1916 - 57 -98 (DT / DP) 39 

16-98 (MT / MP) 
79740 Dunderlandsdalen N 1895 - 84-97 (P) 155 
80690 Storglomvatnet A 1973-198? 543 
81250 Leiråmo N 1972-1994 (T) 74-88 (T) 217 

1972-1994 (P) 74-98 (P) 

The stations Glomfjord, Lurøy and Dunderlandsdalen provide long-term observations 

of temperature and precipitation. These stations are located in a triangle around 

Svartisen, thus representing gradients NS and WE. The Leiråmo station provides 

additional observations along the WE gradient. The Storglomvatn station is located at 

a higher altitude, thus indicating the altitude gradient in the area. 

At the coast, the annual precipitation is in the range 1500 to 2000 mm. Generally, the 

annual discharge in the area is more than 0.1 m S-1 km-2, which is high given the 

national average of 0.036 m S-1 km-2 between 1930-60. 

Figure 6 shows the historical variation in the observations from Glomfjord since 

1916. At Glomfjord, the mean annual precipitation in the period 1916-95 was 1992 

mm and the mean annual temperature was 5.08 0e. Linear trend analysis implies an 

increasing trend in precipitation corresponding to 1.75 % per 10 years, and a change 

in temperature of 0.0175 °e per 10 years. The trend is, however, influenced by very 

low temperatures during three of the first four years and very high temperatures 

during six of the last nine years of the period. In this case, observations in both ends 

force a positive trend. 

In this study, only the relevant subset of the listed observation series was used. The 

Glomfjord series were used as the principal series for most of the analysis and the 

Lurøy and Leiråmo series were us ed for comparisons and as reference series. 

33 



7 

U 6 

~ 
GI 

~ 
GI 5 
l-= .... 
f! 
GI 
C. 4 e 
GI 

~ A 

~/ ~ 
IV! 

\ I 

V 
t1 ~ ~ ( 11 

v \ l .I..J 

V ~ 
v 

~ 
\j II , 

E-< 

3 
1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 

l- Is - decadal ræan - Linear trend (annual ræan) I Year 

3.5 -,---------------------------, 

3.0 +----------------'I--------------l 

0.5 

0.0 -t-- -,-------,,--------,-----r-----,--- ---,----,--------,,-------'-,-' 

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 

_ Annua! - decadal ræan --Linear trend (annua1 total) Year 

Figure 6. Observations 0/ temperature and precipitation carried out by DNMI at 

Glomfjord/rom 1916. Ten years block means and linear trends are superimposed 

on the annual values. 

Meteorological observations programrnes were initiated as part of the mass balanee 

measurements. The manual observations were mainly carried out during the summer 

months. Automatie stations were set up at a later stage. Table 4 lists the main 

components of the NVE meteorological observation programmes. 
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Table 4. Meteorologieal observations earried out by NVE in the Svartisen area. 

Station Elevation Parameter Time of year Obs.period Comment 
[m a.s.l.) 

Engavann 15 Temperature Jun-Aug (Sep) 1970 -1981 
Precipitation 

Engabreen 880 Cloudiness Jun-Aug 1970 -1980 
Ternperature 
Wind velocity 
Precipitation 
Vapour j)ressure 

Engabreen-Tåkeheim 1100 Cloudiness Jun-Aug 1977-1981 
Ternperature 
Wind velocity 
Precipitation 
Vapourpressure 

Engabreen-Skjæret 1360 Cloudiness Jun-Aug 1975 - 1981 Fragmentaric automatie 
Temperature registrations of 
Wind velocity ternperature, 
Precipitation precipitation and wind 
Vapour pressure from all seasons in 

1989-98 
Trollbergdalsbreen 960 Cloudiness Jun-Aug 1970 - 1974 

Ternperature 
Wind velocity 
Precipitation 
Vapour pressure 

Høgtuvbre 620 Cloudiness Jun-Aug 1971 -1974 
Temperature 
Wind velocity 
Precipitation 
Vapour pressure 

Engabreenl 880/20 Temp. gradient Jun-Aug 1972 -1976 
Glomfi .met.st. 
Engabreenl 1100/20 Temp. gradient Jun-Aug 1977 - 1981 
Glomfi.met.st. 

5.4 Mass balanee data 

Mass balanee has been observed on glaciers in the Svartisen area as listed in Table 5. 
The measurements and calculations are performed in a similar manner for all glaciers, 

and all results are available in Kjøllmoen (1998). 

Table 5. Mass balanee programmes in the Svartisen area (Kjøllmoen 1998). 

Glader Observation period 
Engabreen 1970-98 
Storglombreen 1985-88 
Tretten-null-to breen 1985-86 
Svartisheibreen 1988-94 
Trollbergdalsbreen 1970-75, and 1990-94 
Høgtuvbreen 1971-77 
Austre Okstindbre 1987-96 
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Most emphasis has been put upon us ing the series from Engabreen, Storglombreen 

and Trollbergdalsbreen, as these gladers are located within the study area. 

5.5 Front position data 
Front position fluctuations of glaeiers in the Svartisen area have been recorded since 

the end of the last century. The front position has been measured by the distanee 

method, survey and extraction from topographical maps. 

In the Svartisen area, distanee measurements have been carried out on the four 

gladers Engabreen, Fonndalsbreen, Nordfjordbreen and Austerdalsbreen (Figure 3), 

in shorter or longer periods. Annual measurements of front position on Engabreen and 

Fonndalsbreen started in 1909 and continued until1942. Measurements on Engabreen 

restarted in 1951 and have been measured almost every year since. Measurements on 

a small glader in Nordfjord started in the 1930's and lasted for about five years. On 

Austerdalsisen measurements were carried out between 1949 and 1955. 

Since 1970, repeated mapping of three of the large st glaciers of 0stisen; 

Austerdalsisen, Fingerbreen and Lappebreen (Figure 3), have been undertaken 

(Theakstone 1988). Terrestrial photos of the glaeiers have been used to construet 

detailed maps of the lower part of the glader tongue. 

5.6 Map and image data 
The first detailed topographical maps of the Svartisen area (called 'Gradteigskart') 

were published to the sca1e 1: 100 000 with 30 metres contour interval. The map is 

based on fie1d surveys in the years 1895-1899 (Table 7). The accuracy of these maps 

is not very good. The geodetie network used for the map construetion and the survey 

methods have low accuracy, when compared with modem maps, in particular the 

contour lines on the glaciers are inaccurate. Thus, we have used old maps to 

determine only the length and area variations of the gladers. 

The first vertical aerial photographs of Svartisen were taken in September 1945 

(Table 6). Later, several verticals were taken covering smaller or larger parts of the 

area. In this report we refer to photos taken in 1968, 1985 and 1998 (Table 6). 

Table 6. A list of aerial photographs taken of the Svartisen area. 

Contract Date Photo scale Remarks Photo company 

SV-45 22.09.1945 - British Royal Air Force 

3205 25.08.1968 1:35000 Quite good contrast, some Fjellanger Widerøe 
fresh snow. 

8698 19.08.1985 1:35000 Good contrast. Fjellanger Widerøe 

12302 01.09.1998 1:15000 OnIy parts of the Svartisen Fjellanger Widerøe 
area are covered. 
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The 1968 vertieals were used to eonstruet new detailed maps for the main map series 

of Norway in sea1e 1:50 000 with 20 m eontour interva1 (Table 7). In addition, NVE 

used the verticals to eonstruet detailed glacier maps of Engabreen and 

Trollbergda1sbreen (Table 8). Later, detailed topographie data sets of Svartisen were 

eonstrueted from the vertiea1s taken in 1968 and 1985. Elevation was measured in a 

50 m x 50 m grid and used to eonstruet digital terrain models (DTM's). A eontour 

map to sea1e 1 :20 000 with 10 meters eontour interva1 were ereated from these 

models (Table 8). In this report we use the detailed glacier maps from 1968 and 1985 

to ea1eulate volume ehange. The aeeuraey of the 1985 map is assumed to be ± 1.5 m 

and slightly lower for the 1968 map, ± 2.0 m. The lower aeeuraey of the 1968 map is 

due to the poorer eontrast and some fresh snow of the 1968 vertiea1s (Table 6). 

Table 7. A list of topographical maps covering the Svartisen area. 

Name Year of Method Sheets covering the Scale Contour 
survey Svartisen area interval 

Gradteigskart 1895- Field surve y Svartisen (J 15), 1: 100000 30 
1899 Meløy (J 16), 

Beiardalen (K14), 
Dunderlandsdalen (K 15) 

M711 (N50) 1968 Analogue Glomfjord (1928-1), l: 50000 20 
photogrammetry Svartisen (1928-11), 
(vertical aerial Melfjord (l928-III), 
photos) Blakkådal (2028-III), 

Arstaddalen (2028- IV) 

Table 8. A list of detai/ed topographical maps of glaciers in the Svartisen area. 

Maps covering glacier fronts or tongues are not included. Photogrammetric work is 

bas ed on vertical aerial photographs. * denotes digitally registered, but analogue 

constructed maps. 

Svartisen area Year of Method Scale Contour 
mapping interval 

Svartisen, large parts 1968 Analogue photogrammetry 1:20000 10 

Svartisen, large parts 1985 Analogue photogrammetry* 1:20000 10 

Engabreen 1968 Analogue photogrammetry 1:20000 10 

Trollbergdalsbreen 1968 Analogue photogrammetry 1:10000 10 

Høgtuvbreen 1972 Analogue photogrammetry 1:10000 10 

Svartisheibreen 1995 Analogue photogrammetry* 1:10000 10 

Dimdalsbreen 1990, 1991, Analogue photogrammetry* 1:10 000 10 
1992, 1993, 
1994, 1995, 
1997 
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6. Analysis and results 

6.1 Total inflow analysis 
Total historic inflow to the Storglomvatn reservoir may be calculated using data from 

the gauging station 160.5 (890) Storglomvatn ndf. The generally applied procedure 

for calculating inflow of a catchment based in inflow records from other catchments 

is by scaling up the inflow figures by volurne. 

This inflow series represents historic water inflow to the 160.5 (890) Storglomvatn 

ndf. gauging station, which fed the Glomfjord power station, adjusted for the impact 

of the regulation of water upstream. Water inflow to 160.5 (890) Storglomvatn ndf. 

represents approximately 46 % of the total water inflow to the Svartisen scherne. 

Approximately 40 % of both catchment areas are glacierised. The record is also quite 

complete and provides a solid base for analysis. The facts that the Storglomvatn ndf. 

inflow series represent almost half the volurne of the inflow to the current reservoir 

and that the catchments have a similar glacier coverage justifies that this method may 

be applied to the inflow series of 160.5 (890) Storglomvatn ndf. In fact, 

approximately one half of the glaciers contributing to the current Svartisen reservoir 

do contribute to the Storglomvatn reservoir and their net balance records are 

estimated in this work. The method of scaling up by volurne assurnes proportionality 

between the inflow figures for the two catchments. This assumption of proportionality 

may not be perfect due to factors, such as differences in exposition, glacier response 

and precipitation. However, based on the available data from the area, further 

investigations of the validity of this assumption are not plausible. Furthermore, the 

development from the Storglomvatn reservoir to the current Svartisen reservoir 

extended the catchment area to the west and the east. The Storglomvatn catchment is 

located in the centre of the new catchment, and thus the impact of changes in 

exposition, glacier response and precipitation from the extensions in the west and the 

east could very weU cancel each other with regards to the assumption of 

proportionality. 

Considerable analysis was carried out on the historic inflow series, focusing in 

particular on the construction and application of rating curves for the inflow series as 

weU as on the impact of the glacier on total inflow. The detailed analyses of these two 

topics are the subjects of this chapter. 
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6.2 Glaeier net balanee variations and their 
impact on inflow 

6.2.1 Glaeier net balanee variations 

Glacier net balanee was calculated for the glaeier basin draining naturally to 

Storglomvatn, using the hydrological method, the PT-correlation (net balanee 

modelled using correlation between summer air temperature and ablation and winter 

precipitation and accumulation) method and the MBT model (a degree-day model) for 

the period 1930-89. The detailed analyses are described the Appendix A. 

Figure 7 shows the yearly values produced by the three methods and Figure 8 shows 

the corresponding cumulative values. 
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The hydrological method gives a dras tie reduetion in mass for the period 1933-41. 

The reduetion is almost twice seen using the other two methods. After 1940, the net 

balanee aeeording to the hydrologieal method fluetuates around a near steady state 

until 1980. After 1980, a further reduetion takes plaee. The PT-eorrelation and MBT 

models showa rapid decrease between 1932 and 1940, followed by a slightly lower 

decrease rate until 1962. After 1963, the mass eontinues to deerease, however at a 

mueh lower rate. 

The glaeier impaet may be shown as mean net balanee for normal periods of length 

10 or 30 years (Figure 9). As can be seen, all methods show that there has been a 

decrease in glacier mass throughout this eentury (from 1917). The deerease oeeurred 

at its fastest during the 1930's (lO-year average of approx. -90 mill. m3 per annum), 

and a signifieant deerease was also observed during the period 1951-60 (approx. -70 

mill. m3 per annum). 
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Figure 9. Average annuaL gLacier contribution in normaL periods of length 10 

(top) and 30 (bottom) years. Negative net balanee jigures represent Loss of water for 

the gLacier and surpLus of water to the StorgLomvatn reservoir. 

The glacier net balance was modelled for the period 1917 to 1998, and the PT

correlation model produced the results shown in Figure 10. Linear trend analysis and 

Gaussian-filters (bandwidths of 9 and 27 years) were applied to the net balance series 

(Figure 10 and Figure 11). The linear trend analysis shows a significant positive trend 

corresponding to an increase of nearly 10 mill. m 3 per decade. The filter with 27-year 

bandwidth shows the low frequency variation. The filtered series shows a change 

from very negative balances in the period 1920-50, followed by a period of increasing 

net balance. The net balance appears to be slowly approaching zero, which signifies 

that the glacier is currently in balance with the climate. 

Furthermore, the results from the different net balance models are shown in Appendix 

B as plots of Gauss-filtered net balance and linear trends for the period 1931-89. 
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6.2.2 Glaeier impact on inflow series 

As previously mentioned, the glacier is best described as a natural reservoir. The 

effect of this reservoir is to increase the inflow to the lake in years of a negative mass 

balance and to decrease the inflow in years of a positive mass balance. Essentially, in 

a year of negative balance more melt water is produced at the glader during the 

summer than was accumulated during the winter, and in a year of positive balance 

less melt water runs off the glader than was accumulated during the winter. 

Let us consider the two possible developments of the glad er. Firstly, the glader may 

be growing. If not attributable to a cold summer with liUle melting, an increase in 

glacier mass (Le. a positive mass balance year) may be due to an increase in winter 

precipitation, which falls as snow. In catchments free of gladers, this would give an 

increase in inflow, as the predpitation would accumulate as snow, and then 

eventually melt and provide additional inflow. Thus, the short-term effect of 

increased precipitation in a glacier-dominated catchment (like Storglomvatn) could be 

reduced inflow. However, if an increase in predpitation cause a positive mass 

balance, the long-term effect would be a build up of ice and the glacier will increase 

in volurne and area. The consequences could be increased glacier contribution to 

inflow. 

Secondly, the glacier mass could be decreasing, most probably due to either reduced 

winter precipitation or increased summer melting. In the situation of increased melt, 

the extra runoff from the glacier would contribute to increased inflow. However, in 

the very long-term perspective, the consequence could be a reduction in glacier 

contribution. 

The consequences of the glacier impact discussed here may be seen as a general 

explanation. In spedfic years, other effects may be seen. The increase or decrease in 

inflow due to the glader impact is all relative to the response that would be seen in a 

catchment without glacier cover. 

The variation in annual inflow within the Storglomvatn catchment was considerably 

attenuated due to the extensive glacier cover. In years with high winter precipitation, 

the impact of glacier could be a reduction in inflow. In years with a dry warm 

summer, the impact of the glader could be to increase the inflow. This smoothening 

effect is clearly seen in Figure 12, where the three glacier-corrected inflow series all 

exhibit a higher annual variability. The same figure also shows that in the dry years, 

the glacier contributes substantially with extra runoff eliminating or reducing the low 

extremes in inflow that would have occurred if the catchment did not have such a 

significant glacier cover. 

Table 9 lists the standard variation of the glader-corrected and the uncorrected inflow 

series from the period 1931-89. The mean annual inflow during the period was 

approx. 690 mill. m3 for the glacier-corrected series, and nearly 40 mill. m3 higher for 

the total inflow. The standard deviation for the uncorrected series was 93 mill. m3, 
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eompared to a standard deviation between 121 and 153 mill. m3 for the glacier

eorreeted series . 

Table 9. Mean and standard deviation ofinflow series. Shifts in rating curve are 

in 1958 and 1984. 

Glacier-corrected inflow Uncorrected 

PT-corr MBT Vassvatn inflow 

Standard deviation 121 153 145 93 

Mean [mill. ml] 692 685 691 727 
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Figure 12. Injlow to 160.5 (890) Storglomvatn ndf. Presented are the PT-corr, 

MBT and Vassvatn, which are the glacier-corrected inflow series. Shifts in rating 

curve are in 1958 and 1984. Note that the y-axis begins at 300 mill. m3
• 

To examine the glaeier impaet on historie water inflow, the glaeier-eorreetions are 

presented for normal periods of length of 10 and 30 year, see Figure 13. 
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Figure 13. Glacier-corrected (PT-corr, MBT and Vassvatn) and uncorrected 

average annual injlow values for normal periods of length 10 (top) and 30 (bottom) 

years. Shifts in rating curve are in 1958 and 1984. 

All changes in inflow from the normal period 1931-60 to 1961-89 are very near zero 

when glacier-corrected inflow series are considered, while the uncorrected (that is, the 

total) inflow is reduced with almost 6 % (Table 10). 

Table 10. Changes in inflow between the normal periods 1931-60 to 1961-90. 

Shifts in rating curve are in 1958 and 1984. 

Glacier corrected intlow Uncorrected 

PT-corr MBT Vassvatn intlow 

Change [%] + 1.2 +0.6 + 0.1 - 5.6 
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6.3 Establishing the rating curves and inflow 
series of Storglomvatn 

6.3.1 Inflow calculation 

The discharge is observed at two locations in River Fykanåga, which is the river from 

Storglomvatn. The two discharge stations are 160.2 (old number is 715-12) 

Fykanvatn and 160.5 (890) Storglomvatn ndf. The diversion into the tunnel is 

monitored at 160.3 (715-13) Glomfjord power station. The intake is situated 

downstream Storglomvatn ndf. Reservoir 1evels are observed at 160.1 (715-11) 

Storglomvatn, 160.2 Fykanvatn, 160.10 (1690) and 160.11 (1691) Øvre and Nedre 

Navervatn. Water was diverted into Lake Storglomvatn basin from River Glåmåga 

through a tunnel situated downstream Lake Terskaldvatn in 1955. This added a basin 

to Storglomvatn 25.0 km2 in size. 

The inflow can be calculated at both locations. NVE has an inflow series for Lake 

Fykanvatn, while Statkraft has established an inflow series for Storglomvatn ndf. The 

Fykanvatn series is corrected for; a) the upstream diversion of flow through the power 

station, b) the changes of volumes in Lake Storglomvatn, and c) correction for the 

diversion from Terskaldsvatn. The series has not been corrected for changes in the 

reservoir volurne of Fykanvatn, as the stage-volume table is missing. The two smaller 

reservoirs in Navereiv flow naturally into Fykanvatn, but has been diverted into the 

tunnel to the power station. Stage and volurne data are available from 1957, but have 

not been inc1uded in the inflow calculation. The series covers the period 1914-1994. 

The inflow at Storglomvatn ndf. has been ca1culated correcting the series for changes 

in the volurne of Storglomvatn. The series covers the period 1931-89. The subsequent 

trend and jump testing requires that the inflow series represents the same basin 

throughout the entire period. The diversion of water from Terskaldsvatn has the effect 

of increasing the basin area. It was necessary to correct the flow for this extra inflow, 

by subtracting the flow observed at gauging station 156.11 in the years 1955-1974. 

This extra inflow was estimated by scaling of the flow series 156.10 or 156.8+ 156.10 

further downstream in River Glåmåga for the subsequent period. 

The inflow series of Fykanvatn has been proposed for estimating the inflow prior to 

1930 at Storglomvatn ndf. This requires a scaling of the Fykanvatn inflow series to 

represent a smaller catchment. The series of discharge data at NVE differs to some 

extent with data noted in old protoeols at the power station. The data quality is 

therefore open to suspicion, and we have decided not to base our analysis on these 

data. 
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6.3.2 Data quality aspects of the flow and inflow series 

The station 160.5 (890) Storglomvatn ndf. 

The inflow series at Lake Fykanvatn should comprise moderately larger values than 

the series at Storglomvatn ndf. This is usually the case, except during a period of 

extremely high inflow values in the period 1950-62 caused by unreasonable 

fluctuations of Lake Fykanvatn. 

The gauging station 160.5 (890) Storglomvatn ndf. is located in the river downstream 

the tunnel from the old dam at Storglomvatn, and upstream the old intake to the 

power station. The station and river reach are shown in the photo in Figure 14. Figure 

15 shows a map drawn of the channel at the construetion of the station in 1930. The 

water levels were observed on an Ott chart recorder, later by a Leupold and Stevens 

recorder. Some initial problems were caused by ice in the stilling weU. There is a gap 

in the recordings from 1968 to 1970/71. The charts were collected by the staff of 

Glomfjord power station, and sent to the NVE-Hydrology Department. 

Figure 14. Discharge station 160.5 (890) Storglomvatn ndf. Photograph by Per 

Magnus Johansen, Norconsult, 1988. 
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Figure 15. Chart showing the location of the discharge station 160.5 (890) 

Storglomvatn ndf. The following details were provided with the original chart: 

Location: Located at river bank on the right hand side, approx. 1 km downstream 

from Storglomvatn and 150 m downstream from the tunneloutlet. The water levet 

ranges from 493.00 to 497.00, and is related to a benchmark used by the Glomfjord 

power plant (it is located approx. 120 m above). The limnigraph was started on 19 

July 1930. Control: An iron boltflXed in the bed rock 23.5 mfrom bridge and 1.0 m 

from rock edge towards the river. The top of the bolt equals 499.558 or 6.558 m 

above the foot of the staff gauge. 

Observations and establishment of rating curve 

The rating curve was established by discharge measurements in 1930. New 

measurements were taken in 1949, which fell on the rating curve based on the 

measurements of 1930. The actual measurements cover a range of discharges from 

0.36 to 88 m3s-1• It was probably assumed in 1949 that the controlling profile was 

stable. This may have been the cause, in combination with the inaccessibility of the 

station for the lack of measurements befare the station was closed down in 1989. 

Statkraft suspected a possible error in the discharge data, and 8 control measurements 

were taken in the river in the 1990-91. The new rating curve indicates that the 

discharge is 69 % of the discharge at low levels and 89 % at higher leve Is of the 

values given by the previous rating curve. The old and new rating curves are shown in 

Figure 16, together with the actual measured points defining the rating curves. The 

rating curve constants and the observed values are shown in Table 11. 
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Figure 16. Old (established 1930/49) and (established 1990/91) new rating curve 

for 160.5 (890) Storglomvatn ndf. Green line shows rating curve established 

1930/49, red line is rating curve established in 1990/91 and the triangles show the 

baseline observations used to establish the rating curves. Red triangles correspond 

to observations carried out in 1930, green in 1949, blue in 1990 and cyan in 1991. 

Table 11. The rating curves and observed values at station 160.5 (890) 

Storglomvatn ndf. First rating curve period: q = 14.26 (h -493.2/"1510 for h = 
[493.20, 494.04] and q = 16.1626 (h _493.2/"8046 for h > 494.04. Second rating 

curve period: q = 10.867 (h _493.1/"9057. 

Date Stage [m] Discharge [m3s·1
] Date Stage [m] Discharge [m3s·1

] 

1817-1930 493.38 0.36 25/8-1949 494.40 26.8 

1817-1930 493.715 3.41 26/8-1949 495.04 87.5 

1817-1930 493.59 1.85 26/8-1949 495.04 88.0 

1817-1930 493.865 5.92 27/8-1949 494.91 75.3 

1817-1930 494.11 12.26 27/8-1949 494.92 74.0 
1917-1930 494.27 19.18 25/9-1990 494.31 19.41 

2017-1930 494.02 9.42 25/9-1990 494.40 23 .86 

2017-1930 494.40 27.05 25/9-1990 494.50 27.34 

2117-1930 494.55 38.35 26/9-1990 494.20 14.55 

2117-1930 494.62 43 .52 26/9-1990 494.44 25.52 

2117-1930 494.655 46.8 18/6-1991 493.515 0.80 

25/8-1949 494.59 40.8 18/6-1991 493.535 Ul 
25/8-1949 494.61 41.9 21/6-1991 493.70 2.37 
25/8-1949 494.41 27.2 
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A primary objective of this study is to determine the time of changeover between the 

rating curves. Preliminarily, NVE defined the changeover point between the two 

rating curves at 1 September 1984, while Statkraft originally chose 1970-71 as there 

was significant flooding in this period, which could have been the cause for the 

change. Another possibility is the period of 1975-77 when very dry periods ment that 

the river was extremely shallow, exposing some of the river bed to the high winds in 

the area. This could have allowed rapid erosion of the exposed sediment. The 

identification of the correct time must be based on indirect evidence since actual 

measurements were not taken between 1949 and 1990. 

Inflow and discharge at Storglomvatn ndf. using the 1930/49 rating 
curve 

A significant change of the operation of the reservoir occurred in 1950. A concrete 

front plate reinforced the dam, and the capacity of the power station was increased. 

The tunnel shown in Figure 15 was constructed in the early 1920's, but was not 

changed in 1950. The rocks from the tunnel were utilised in construction works, and 

have not been deposited in the river channeI. The daily discharge through the 

Glomfjord power station is shown in Figure 17. The maximum discharge through the 

station increased at that time from 8 to 30 m3 S-I. Daily discharge observed at 

Storglomvatn ndf. is shown in Figure 18. The discharge at the site comprises mostly 

water drained through the tunnel from the reservoir, with a small contribution from 

the local catchment below the dam. The range of the discharge was reduced 

considerably, although a few large floods have occurred later. Note the floods in 

1966, 1972, 1984 and 1989. Data from natural basins, which are not significantly 

affected by glaciers, also demonstrate that 1949 had large flood. 
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Figure 17. Daily discharge through the Glomfjord power station (data series 

160.3.0.1055.1). Note the increase of the discharge through the power station in 

1950. The operation of the power station changed also in the late 1920's. 

150. 

100. 

(J) 

"- 50. 
E 
Ol 

.s 
L 
~ 

C 
C 
o 
> 

Figure 18. Daily discharge observed at station 160.5 (890) Storglomvatn ndf. Note 

the elimination of jloods after 1951 due to regulation of the river. Note also the 

jloods in 1964, 1966, 1972, 1973 and 1989. 

The discharge measurements were based on use of current metering by wading at low 

flows and by measurements from a boat at higher flows. Helpfully, a considerable 
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variability of the discharge was achieved by releasing varying arnount of water from 

the reservoir. The discharge measurements were taken at cross-sections at the gauging 

station, at cross-sections 8 m upstream and 20, 30, 50 and 100 m downstream. The 

individual measurements indicate a width of the river of 30 m near the station, with a 

constriction between 20 and 50 m downstream to less than 10m and a widening to 25 

m further downstream. The maximum depth is around 2.7 m at and immediately 

upstream the station. 

The riverbed becomes shallow with a maximum depth of less than l m in the section 

20 to 50 m downstream. The depth increases to a maximum of 4.2 m in the wider 

profile 100 m below the station. The rating curve is probably controlled by a 

threshold in the shallow reach between 20 and 50 m below the station. This threshold 

can be seen on the photo in Figure 14. The changing bottom transport may have 

affected the deeper part of the river channel at and upstream the station. The shallow 

threshold may have accumulated sediments, which possibly have been flushed away 

during the few large flood events. If this were the case, the result would be more than 

one shift of the rating curve. 

In order to determine the time of the shift of the rating curve, an inflow series was 

established for 160.5 (890) Storglomvatn ndf., bas ed on the first rating curve for the 

entire period 1931-89. This series was corrected for the contribution of the glaciers to 

form inflow series, representing a glacier-free basin, which was then comparable to 

other glacier-free series. Two glacier-corrected series were established one based on 

the PT -correction and one on the MBT -modelling. The comparison series available 

are: 157.3 (714) Vassvatn, 162.2/3 (720) Skarsvatn, 156.10 (1133) Berget, 156.8 

(790) Svartisdal, 166.1 (727) Lakshola and the sum of 156.10 and 156.8, which 

eliminates a problem with spill-over from a glacier-dammed lake in the Svartisdal 

basin, which occasionally spilled over into the Berget basin. 

The comparison has been made by double mass analysis between the glacier 

corrected series of Storglomvatn ndf and Vassvatn and Skarsvatn, and between the 

uncorrected series of Storglomvatn and the sum of Berget and Svartisdal since these 

series are affected by contribution from glaciers as weU as from glacier-free basins. 

Figure 19 shows the difference between the double-mass curve of the corrected series 

of Storglomvatn ndf and Vassvatn and the straight line, which would be expected in 

the case of correct rating curves being used. Applying the MBT -corrected series 

changes the relative significance of the shifts, but does not change the time indicated 

by the analysis. 

Vassvatn is situated close to the coast southwest of Storglomvatn. The basin is small 

and has a fairly large lake. The seasonal distribution of flow is weak, floods may 

occur at any time during the year. The controUing profile is stable, and one rating 

curve has been applied since the measurements started in 1917, and the rating curve 

has been verified by regular discharge measurements. 
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The significant change around 1940 is caused by a shift in the atmospheric 

circulation, which affected the precipitation and runoff pattems over much of 

Norway. This ended a mild period characterised by high variability of floods and 

droughts. Because of different exposure of the stations to the direction of the weather 

systems, a change in the ratio between stations can be expected. The rating curve is 

assurned to be stable within this period, and the shift(s) we are looking for has 

occurred after 1949. We have therefore produced a new analysis starting in 1940 as 

shown in Figure 20. The difference curve indicates a significant change in 1958 and 

above all in 1976/77. There is indication of a smaller shift in 1966. Figure 21 and 

Figure 22 show double-mass plot of the sub-periods 1940-76 and 1976-89, which 

neither has a significant shift. 

1.0 

0.0 

-1.0 

Double ma .. analy .. for: 160.5.0.1050.2 
Sammenllknlng .. erfe: 157.3.0.1001.1 
Fell .. perfode: 1931 - 1989 

Figure 19. Double-mass analysis for 160.5 (890) Storglomvatn ndf. glacier

corrected injlow using 157.3 (714) Vassvatn as reference station and original rating 

curve (no shift). Period 1931-89. 
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Figure 20. Double-moss analysis for 160.5 (890) Storglomvatn ndf. glacier

corrected injlow using 157.3 (714) Vassvatn os reference station and original rating 

curve (no shift). Period 1940-89. 
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Figure 21. Double-mass analysis for 160.5 (890) Storglomvatn ndf. glacier

corrected inflow using 157.3 (714) Vassvatn as reference station and original rating 

curve (no shift). Period 1940-76. 
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Double ma •• analy.e for: 160.5.0.1050.2 
Sammenllknlng .. erle: 157.3.0.1001.1 
Felle.perlode: 1976 - 1989 
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Figure 22. Double-mass analysis for 160.5 (890) Storglomvatn ndf. glacier

corrected injlow using 157.3 (714) Vassvatn as reference station and original rating 

curve (no shift). Period 1976-89. 

162.2/3 (720) Skarsvatn is situated northeast of the Storglomvatn basin further inland. 

The bas in is considered to be more representative of the eastern part of Svartisen. 

There is a problem with using the Skarsvatn data from the 1960' s. The rating curve 

was changed twice in one year in this period, and the station was later moved slightly, 

with the establishment of a new rating curve. When used in double-mass analysis of 

the corrected series of Storglomvatn ndf, the double-mass plot indicates a shift around 

1940, although less marked than found in the comparison with Vassvatn. The 

unstable rating curve in the 1960' s at Skarsvatn causes a shift, which masks any shift 

in the Storglomvatn series. Skarsvatn seems therefore to be less suitable as a 

comparison series, at least for this period. The double-mass plot is shown in Figure 

23 
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Figure 23. Double-moss analysis for 160.5 (890) Storglomvatn ndf. glacier

corrected injlow us ing 162.2/3 (720) Skarsvatn as reference station and original 

rating curve (no shift). Period 1940-89. 
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161.1 (727) Lakshola is situated in River Lakså further north. The profile is 

considered to be stable, and have therefore also been compared to the Storglomvatn 

glacier corrected inflow series. The analysis indicates a shift in 1940, and a significant 

shift in 1958. The double-mass curve is shown in Figure 24. 
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Double ma •• analy.e for: 160.5.0.1050.2 
Sammenllknlng .. erle: 166.1.0.1001.1 
Fene.perlode: 1940 - 1989 

Figure 24. Double-moss analysis for 160.5 (890) Storglomvatn ndf. glacier

corrected inflow using 166.1 (727) Lakshola as reference station and original 

rating curve (no shift). Period 1931-89. 

59 



The combined data (156.8 v.2) series of Berget (156.10 /1133) and Svartisdal (156.8 

v.l /881 ) starts in 1956 as the first complete year. The series is toa short to determine 

the significance of any changeover point in 1958/59. A double-mass analysis was 

performed comparing the series with the uncorrected inflow at Storglomvatn since the 

combined series is also strongly affected by inflow from other parts of the Svartisen 

glacier. The analysis did not identify any major significant shifts, as shown in Figure 

25. Nevertheless, we see indications of a shift in 1958, one in 1966 and one in 1976, 

confirming the results of the other comparison series. 
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Doubl. ma •• analy •• for: 160.5.0.1050 • .4 
Sammenllknlng ••• rI.: 156.8.0.1001.11 
F elluperlode: 1956 - 1989 

Figure 25. Double-moss analysis for the unco"ected inflow series at 160.5 (890) 

Stoglomvatn ndf. (no shift) using the sum of (156.10 /1133) Berget and (156.8 v.l 

/881) Svartisdal as a reference series (the combined series is 156.8 v.2). Period 

1956-89. 
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An obvious candidate as a reference series is the inflow series at 160.2 (715-12) 

Fykanvatn, further downstream. The inflow agrees fairly weU at the two locations for 

much of the time, although there are considerable differences in the winter season. 

The differences are partly caused by uncertainty in the observations. Additional 

inflow from the local catchment can also explain some of the differences. The two 

stations have independent rating curves, which is definitely an advantage, but the 

lower inflow series are dependent on the measurement of the flow through the power 

station as weU as the measurement in the river. The period from 1955-1965 is 

characterised by far to high inflow at the lower point, which is caused byerrors in the 

water levels in this period in Fykanvatn. Double-mass analysis was carried out on the 

inflow to Storglomvatn ndf. and the flow through the Glomfjord power station, and 

the results are shown in Figure 26. 
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Double mass analyse for: 160.5.0.1050." 
Sammenllknlng •• erle: 160.3.0.1055.1 
FeIlesperiode: 1950 - 1989 

Figure 26. Double-mass analysis for the glacier-corrected injlow series at 160.5 

(890) Storglomvatn ndf. (no shift) using the observed jlow through Glomfjord 

power plant as a reference series. Period 1950-89. 

Station 152.4 (705) Fustvatn can also be used as a cornparison series with the glacier 

corrected series. Fustvatn is situated in River Fusta southeast of Svartisen. Double

mass analysis indicates a shift in 1942, and significant shifts in 1961 and 1975-77, see 
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Figure 27. There is a secondary shift in 1972, but this shift is not indicated by other 

comparison series. 
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Figure 27. Double-moss analysis for the glacier-corrected inflow series at 

Storglomvatn ndf. (no shift) using Fustvatn as a reference series. 
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Station 168.1 (730) Storvatn is situated in River Lommerelv southwest of Narvik. 

Applying Storvatn as a comparison series indicates also shifts in 1941 , 1959 and 

1976-77, see Figure 28 . 

Double mass analyse for: 160.5.0.1050.2 
Sammenllknlng •• erle: 168.1.0.1001 .11 
Felle.perlode: 19.0 - 1989 
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Figure 28. Double-mass analysis for the glacier-corrected injlow series at 

Storglomvatn ndf. (no shift) using Storvatn as a reference series. 

The river channel has been partially constricted since the first rating curve period. A 

comparison of the old rating curve with the new indicates an increase of stage of 5-6 

cm at a discharge of 20 m3 
S-I . A possible explanation is deposition of sediments at the 

controlling section, which can be understood by the lack of floods in recent years. If 

this is the case, it is areasonable assumption that the few large flo od events later have 

changed such deposits. 

The double-mass analysis indicates a shift in the controlling profile in 1958/59 after a 

prolonged period without floods , a period with minor shifts in 1966/67 and possibly 

in other years , a significant shift in 1975-77. Some of the comparison series indicates 

also a shift in 1984. In 1989 some large floods occurred, and it is possible another 

shift has occurred in connection with this flood. A shift is most likely to have taken 

place in connection with a flood, but can also occur in connection with an extremely 
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dry episode. Large floods 1inked to heavy rainfall occurred in 1971-73. The discharge 

was almost zero for pro1onged periods in 1975. The indication of a shift around 

1966/67 is linked to aminor flood, and is most pronounced when com paring with 

Vassvatn. This basin seems to have a slightly different response compared to 

Storg1omvatn than the other series. The use of glaeier corrected inflow and glacier 

free inflow series indicates a far more significant shift, than by com paring the not 

corrected inflow series with the discharge series through the power station, or the sum 

of the discharge at Berget and Svartisdal. 

Establishing new rating curves at Storglomvatn ndf. 

The fitting of the rating curve using the 1990/91 observations was investigated 

considering the following circumstances. The two rating curves bas ed on observations 

in 1930/49 and 1990/91, respectively, diverge with increasing discharge. If a profile 

change has occurred, the changes in rating curve are expected to be 1arger at low 

flows than at high and thus convergenee of the rating curves at high flows. If the sca1e 

for observation of the water level has physically been offset vertically, the 

consequences would be a paralle1 displacement of the rating curve and not a 

divergence. 

Based on these observations, the 1990/91 rating curve was re-established. The 

investigation of the observations of water level and discharge suggested that the 

individual observations complied with the 1930/49 rating curve if offset by 6 cm 

(Table 12). The 6-cm offset corresponds to an uplift of the controlling section or a 

drop down of the scale. 

Table 12. Comparison of observed and calculated discharge in 1990/91 using the 

readjusted rating curves. The readjusted rating curves are similar to the 1930/49 

rating curve, but 6 cm was subtractedfrom the delta h defined in the 1930/49 rating 

curve (-493.20). No systematie deviation is seen between observed and calculated 

values. All observations are acceptable, except the one noted *, which is discarded. 

Observed Calculated Ratio between observed 

Date Stage [ml Discharge [m3s-1] discharge [m3s-1] and calculated discharge 

25/9-1990 494.31 19.41 18.59 1.044 

25/9-1990 494.40 23.86 23.41 1.019 

25/9-1990 494.50 27.34 29.63 0.923 

26/9-1990 494.20 14.55 13.63 1.067 

26/9-1990 494.44 25.52 25.79 0.990 

18/6-1991 493.515 0.80 0.789 1.014 

18/6-1991 493.535 1.11 0.925 1.200 * 
21/6-1991 493.70 2.37 2.445 0.969 

Average 1.028 

64 



The compliance of observations from four different years (1930, 1949, 1990 and 

1991) suggest that this new rating eurve should be used, and applied from some time 

before 1990. 

The double-mass analysis indicated another shift in 1958. As no observations were 

earried out at that time, a new rating eurve was established aeeording to the procedure 

used for the 1990/91 eurve. However, the displaeement is smaller and 2 cm was 

ehosen for establishing this intermediate rating eurve. 

Reconstruction of inflow and discharge series at Storglomvatn 
ndf. using one or two shifts in rating curve 

The following hypotheses are examined further: 

a) just one shift in 1972, 1974 or 1984, and 

b) one shift in 1958 with a second shift in 1984. 

The eandidate shift in 1972 is primarily based on the possibility of a profile ehange 

due to the floods in August and September 1972. The shift in 1976 is suggested by the 

double-mass analysis. The shift in 1984 was suggested by the engineer who earried 

out the new diseharge-stage observations in 1990/91, and is based on the faet that a 

considerable rockslide oeeurred at the tunnel above the gauging station in 1984. The 

possible shift in 1958 was indieated by the double-mass analysis. 

All series indicate also that something has happened in or just after 1940. The shift is 

most significant at Vass vatn, but the other series have indieations of a shift at that 

time. This shift is interpreted to be a eonsequenee of a elimatic shift, and thus is not a 

eandidate ehangeover point for rating eurves. 

The inflow series at Storglomvatn ndf. was reealeulated using the new rating eurve 

with a 6-em displaeement applied in 1972, 1976 and 1984, and eompared to the series 

at Vassvatn, Lakshola and Fustvatn using double-mass analysis. The analysis showed 

that shifts in 1972 or 1976 did not remove the inhomgeneities at those points, and 

these eandidates were disearded (Figure 29 and Figure 30). Applying the shift in 1984 

improved the inflow series (Figure 31). Furthermore, the results confirmed a shift in 

1958. 
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Double rna •• analy.e for: 160.5.0.1001.13 
Sammenllknlngnerte: 166.1.0.1001.1 
r eUeapertode: 1 9-'0 - 1989 
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Figure 29. Double-moss analysis for 160.5 (890) Storglomvatn ndf. glacier

corrected injlow us ing 166.1 (727) Lakshola as reference station and two rating 

curve periods (shift in 1972). Period 1940-89. 

66 



Double ma •• analy.e for: 160.5.0.1001.11 
Sammenllknlng •• erfe: 166.1.0.1001.1 
Felle.perlode: 19.0 - 1989 
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Figure 30. Double-mass analysis for 160.5 (890) Storglomvatn ndf. glacier

corrected injlow using 166.1 (727) Lakshola as reference station and two rating 

curve periods (shift in 1976). Period 1940-89. 

67 



Doubl. rna •• analy •• for: 160.5.0.1001.15 
Sammenllknlng .. erfe: 166.1.0.1001.1 
rell •• p.rfode: 1940 - 1989 
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Figure 31. Double-mass analysis for 160.5 (890) Storglomvatn ndf. glacier

corrected inflow using 166.1 (727) Lakshola as reference station and two rating 

curve periods (shift in 1984). Period 1940-89. 
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Finally, the inflow series at Storglomvatn ndf. was recalculated using two new rating 

curves; a 2-cm displacement applied in 1958 and a 6-cm displacement applied in 

1984, all displacements being relative to the original rating curve. Comparative 

double-mass analysis was carried out using the series at Vassvatn, Lakshola and 

Fustvatn. The results show improved correspondence between the inflow series at 

Storglomvatn ndf. and the reference series (Figure 32). 

As the inhomogeneities are removed, using the new rating curves and rating curve 

shifts in 1958 and 1984 are accepted as the best possible reconstruction of the 

discharge / inflow series at the station 160.5 (890) Storglomvatn ndf. 

Double-mass analysis is not suited for identifying inhomogeneties at the start or end 

of the period, which is subject for analysis. Thus, if the rating curve shift occurred in 

1989, it would not be detected. Exceptionally high flows and the start of entrepreneur 

activity could have caused a shift at that time. The effect of applying the shift in 1989 

rather than 1984, would be an increase in inflow figures after 1984. 

Doubl. mass analys. for: 160.5.0.1001.20 
Sammenllknlngs.erle: 166.1.0.1001.1 
FeIlesperiode: 19-40 - 1989 

1.0 

0.0 

-1.0 

Figure 32. Double-mass analysis for 160.5 (890) Storglomvatn ndf. glacier

corrected inflow using 166.1 (727) Lakshola as reference station and two rating 

curve periods (shift in both 1958 and 1984). Period 1940-89. 
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Importance of glacier-correction of inflow figures for double-mass 
analysis 

Figure 33 shows a double-mass plot between the inflow series for Storglomvatn ndf. 

and Vassvatn, where no glacier correction has be en applied. The curve fluctuates 

considerably as compared to the double-mass curve for the glaeier corrected inflow 

(Figure 20). This illustrates the importanee of applying a glacier-correction when 

comparing inflow series for catehments that are dominated by glaciers with those 

without. 
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Double mali analy.e for: 160.5.0.1050.4 
Sammenllknlng •• erle: 157.3.0.1001.1 
relle.perlode: 1940 - 1989 

Figure 33. Double-moss analysis for 160.5 (890) Storglomvatn ndf. injlow using 

157.3 (714) Vassvatn as reference station and original rating curve (no shift). 

Period 1940-89. Note this is the injlow series, which is not glacier-corrected. 
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6.3.3 Analysis of the runoff at 161.2 Selfoss at River Beiarelv 

Daily water levels have been observed at River Beiarelv since 1916. The river was 

not affected by regulations until1989 when some constructions started upstream. The 

river is much affected by ice in the winter, and it is necessary to correct the water 

levels in order to obtain reasonable estimates of the winter discharge. Based on some 

quality control it was assumed that a shift had taken place in the controlling section of 

the river. This shift was linked to a flood in 1954, and a new rating curve was 

established. The series has been revised back to 1930, but work remains on the 

previous period. The long-term series exhibits a highly significantly downward trend. 

This trend is marked at low flow and in the annual runoff, but not in the annual peak 

flood. A possible exp1anation of the phenomena is that an increasing amount of water 

is disappearing from the river upstream the station because of karst. 

6.3.4 Representativity of one observation per day in streams 
with a large contribution of glacial melting 

The average hourly discharge at 159.12 Engabreen ndf. has been examined to 

ascertain if one observation per day would lead to a systematic error in the daily 

discharge. The manual observation is usually taken in the morning when the 

discharge is some 4-5 % 10wer than the dailyaverage. The peak is in the late 

afternoon and evening, and is about 3 % above the dailyaverage. Series with a 

substantial influence of g1aciers based on one observation per day in the morning 

wou1d therefore lead to a slight underestirnation of the mean daily runoff. There is no 

reasons to suspect that this effect would be as pronounced in basins not affected by 

glaciers. 
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6.4 Trend analysis 

6.4.1 Trend analysis of the inflow series for Storglomvatn and 
other series in the region 

The data series available for the eomparative trend analysis of the inflow series starts 

in 1931 and en ds in 1989. Based on different time of the assumed ehangeover point, 

the uneorreeted inflow series show a more or less signifieant reduetion of the inflow, 

depending on the time we ehose for the shift between the rating eurves. 

We have performed trend analysis on the new inflow series, in whieh shifts in rating 

eurves were applied in 1958 and 1984. Figure 34 shows the annual inflow series for 

Storglomvatn ndf. with Gauss-filtered eurves bas ed on a band with of 9 and 27 years. 

The results of the trend analysis are summarised in Table 13, and a linear trend plot 

for the inflow series for Storglomvatn ndf. is shown in Figure 35. Gauss-filtered 

eurves and plot of a fitted linear trend are shown in Appendix B for the uneorreeted 

inflow series and for series eorreeted by the PT-method and the MBT-method. 

Appendix B als o eomprises graphs of the eomparison series. Trends are defined as 

significant if the t-value based on the linear trend and the Spearman rank test exeeeds 

the eritical value of the Students t-distribution at a 95 % level of significanee. 

Figure 36 and Figure 37 show glacier-eorrected inflow series for Storglomvatn ndf. 

with the shifts in 1958 and 1984. The glacier-eorreeted inflow series represent the 

historie inflow as if glaeiers were not present in the eatehment. 
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Statlon : 160.5.0.1001 . 20 Storglomvatn ndf. Inflow shift 58.84 

Dlscharges (Annual sums) In the years : 1931 - 1989 
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Figure 34. The Storglomvatn nd/. injlow series using the 1958 and 1984 shifts in 

the rating curve. Gauss-filtered results with bandwidths 9 and 27 years are shown. 
Statlon : 160.5.0.1001.20 Storglomvatn ndf . Inflow shift 58.84 

Dlscharges (Annual sums) In the y .. ars: 1931 - 1989 

o Trend equatlon : y = 769.15 -1 .39 t t = -2.02 NDF: 57 
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Figure 35. Linear trend o/the Storglomvatn ndf. injlow series using the 1958 and 

1984 shifts in the rating curve. 
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Statlon: 160. 5 . 0 . 1001 . 20 Storglomvatn ndf. Inflow shIft 58,84 PT 
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Figure 36. Gauss-jiltered inflow series for Storglomvatn ndf. using the 1958 and 

1984 shifts in the rating curve. The series is glacier-corrected using PT-co"ection. 
Statlon : 160. 5 .0 . 1001 .20 Storglomvatn ndf . Inflow shIft 58,84 PT 

Dlscharges (Annual sums) In t he years : 1931- 1989 

o Trend equatlon : y = 691 .97 -0 .01 t t = -0 .01 NDF : 57 
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Figure 37. Linear trend of the Storglomvatn ndf. injlow series using the 1958 and 

1984 shifts in the rating curve. The series is glacier-corrected using PT-co"ection. 
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Table 13. Result of the trend analysis for the period 1931-89. a) significant as 

exceeds on the 95 % levet, b) starts in 1956. 160.5 (890) is Storglomvatn ndj., 157.3 

(714) is Vassvatn, 162.2/3 (720) is Skarsvatn, 166.1 (727) is Lakshola and 156.8 v.2 

(1133+790) is the combined Berget-Svartisdal series. 

Series Shift in year Glacier Trend constant Trend T-value 

correction [mill. m3] coefficient 

160.5 1958, 1984 no 769.15 -1.39 -2.02 a) 

160.5 1958, 1984 PT-eoIT 691.97 -0.01 -0.01 

160.5 1958, 1984 MTB-eoIT 697.39 -0.41 -0.35 

160.5 >1989 no 748.73 +0.12 +0.17 

160.5 >1989 PT-eoIT 654.22 +2.40 +2.46 a) 

160.5 >1989 MTB-eoIT 660.02 1.99 +1.67 a) 

157.3 60.64 +0.09 +0.91 

162.2/3 166.76 -0.06 -0.20 

166.1 492.62 +0.02 +0.03 

156.8 v.2 b) no 922.63 +1.87 +0.75 

By assuming the changeover points of 1958 and 1984, the trend of water inflow 

changes from having a flat trend to a significant negative trend for the uncorrected 

series. By correcting the series for the contribution from glacial melting, particularly 

the affect of the exceptionally high inflow seen in the 1930's, the inflow trend 

becomes flat. 

The 1930's was a very mild period characterised by heavy glaeier melting, while a 

number of years in the 1980's were characterised by quite low inflow. When fitting a 

linear trend to a series, high values in the start of the series with a few low values at 

the end or vice versa, can easily result in a significant trend according to a t-test 

applied on the trend-equation. It has been shown (Jutman 1991) that by moving the 

period by just one year a significant trend may change direction. The period prior to 

1930 had a significant lower temperature, while the 1990's are another mild period. 

The comparison series extend back to 1916/1917. Data is also available to 1997 for 

these stations, except for Vassvatn where there is a small gap in 1995, which has been 

filled in. Table 14 gives the result of a trend analysis of the entire period of these 

comparison series. The results are also presented as graphs in Appendix B. The most 

recent period has been characterised by high precipitation. 
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By applying a trend analysis on the period 1985-1997, a significant positive trend 

emerges. If we consider the entire period 1917-97, only Skarsvatn has a weakly 

significant trend on annual values. 

Table 14. Result of the trend analysis on the entire period of the three long-term 

comparison series. *) signijicant on 90 % level. 157.3 (714) is Vassvatn, 162.2/3 

(720) is Skarsvatn and 166.1 (727) is Lakshola. 

Series Period Trend constant Trend T-value 

[mill. m3] coefficient 

157.3 1917-1997 61.07 0.04 0.60 

162.213 1917-1997 156.25 0.24 1.30 *) 

166.1 1917-1997 421.09 0.40 0.98 

All series shown in Table 15 indicate aminor increase in the average discharge in 

1961-90 compared to 1931-90. Note that the wettest and the driest 30 year period 

almost coincides at Fustvatn, Vassvatn and Skardsvatn, the three stations surrounding 

Svartisen. Lakshola and Storvatn are further to the north and have a different pattern. 

The wettest period at Storvatn coincides almost with the driest period around 

Svartisen. The driest period at Lakshola coincided also almost with the wettest period 

around Svartisen. This indicates that there are regional differences within Nordland, 

but also that the regional pattern of constant or slightly increasing runoff occurs at 

glacier free stations both north and south of Svartisen. The differences in 30-year 

values are however quite small as also can be seen from the trend analysis. 

Table 15. Comparison of 30-year average discharge (in m3 S·l) for the long-term 

comparison series used in the study. 

Period Fustvatn Vassvatn Skardsvatn Lakshola Storvatn 

1931-60 32.68 1.96 5.21 13.57 4.91 

1961-90 33.40 2.07 5.31 13.79 5.03 

All years 32.77 1.98 5.25 13.90 5.04 

Maxium 33.78 2.20 5.36 14.32 5.14 

Years 1948-77 1948-77 1947-76 1968-97 1917-46 

Minimum 31.63 1.86 5.11 13.31 4.85 

Years 1918-47 1918-47 1922-51 1951-80 1933-62 
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6.4.2 Regional trends in the annual runoff of Nordland 

The long-term variability of the runoff in the Nordic countries has been studied by 

Hisdal et. al. (1995). This study was based on some 160 run off series covering all the 

Nordic countries and Estonia. The study area was subdivided into 13 regions with 

similar long-term behaviour. Nordland County is a member of Region Il of this study, 

and the results are shown in Figure 38. The regional curve indicates a low variability 

in the annual discharge, but with some increase from the late 1970's. The increase 

occurs in the autumn and winter, but is not significantly. The runoff regime of 

Nordland County is characterised by strong gradients inland from the coast. The trend 

study was therefore supplemented with analysis of some additional stations. The 

current study of Storglomvatn has focused on the recent changes in the discharge. 

Generally we find an inerease in the annual runoff from around 1970-80, at stations 

both north and south of Svartisen, and also at a station dose to the border of Sweden. 

Glaciers do not significantly affect the discharge at these stations making a direct 

comparison inappropriate. 

The Nordic study covers the period up to 1990. A substantial increase in the annual 

runoff has been noted at many locations near the coast in West Norway. This increase 

can also be seen for some series in Trøndelag and in Nordland, and is caused by an 

increase in the annual precipitation. Graphs of a number of long-term series have 

been induded in Appendix B, extending into the 1990's. These graphs indicate that 

glacier-free basins have had arecent increase in the annual runoff in basins dose to 

the coast. The regional study indicates also that particular dry years occur 

simultaneously over the entire region. The series affected by glaciers appears to be 

less dry than series without glaeiers in the basin. However, when the correction of the 

extra contribution to the inflow from glacier melt-water has be en subtracted from the 

inflow series, then these glacial corrected series match their counterparts in being dry. 

This demonstrates the stabilising effect, which a glacier can have on the inflow 

figures. 
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Figure 38. Long-term variability of the runoff in the Nordie countries (from 
Hisdal et. al. 1995). The Svartisen area is located in region Il NW-Norway. 
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7. Climate change impact 
on glaeier net balanee 

A study conducted by Sælthun et al. (1998) is considered to present the authoritative 

"best guess" climate change scenario for the region, as the study compares the results 

from different global change research carried out using a variety of methods to 

establish climate change scenarios for the region. The results for the Nordic countries 

are shown in Figure 39, and the scenarios established specifically for the Nordland 

region are listed in Table 17. 
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Figure 39. Climate change scenarios (from Sælthun et.al. 1998) from a 1961-90 

baseline. A shows changes in mean surface air temperature rC lO-fl]; mean 

annual values are in large font size, and winter-summer vatues are below. B shows 

changes in precipitation [% lO-fl]. Accumulated annual values are in large font 

size, and winter-summer values are below. 
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In addition to using the scenarios presented by Sælthun, two more possible outcomes 

were tested (Table 17); a no-change situation (temperature and precipitation values 

considered to continue to be at the 1961-90 average ) and a situation where the dimate 

trends equal those observed from 1916 until today. The mean values for annual and 

seasonal temperature and precipitation in the period 1961-90 are listed in Table 16. 

Table 16. Mean values for annual and seasonal temperature and precipitation in 

the normal period 1961-90 at Glomfjord. 

Precipitation [mm] Temperature rC ] 
Winter (Sep. - May) 1652 2.71 
Summer (Jun. - Sep.) 632 11.06 
Annual 2068 4.97 

Table 17. Climate change scenarios tested for the study area. The winter and 

summer change values for scenario 2 are based on the summer and winter periods 

used for the PT-correlation model. 

Change in T lOC lO-tl] Change in P [% IO_y·l] 
Scenarios Annual Winter Summer Annua} Winter Summer 

l Constant O O O O O O 
2 Observed Glomfiord 0.017 0.4 -0.36 1.753 1.5 0.2 
3 Sælthun et. al. 1998 0.40 0.55 0.25 2.0 2.5 1.5 

The results from the simulations of future changes in glacier net balance are shown in 

Figure 40 and Figure 41. 

All scenarios indicate that the glacier will lose mass during the next 60 years. 

However, the magnitude of the suggested decrease in mass varies between 5,500 mill. 

m3 and dose to zero. This implies that the current average contribution of the glacier 

to water inflow is not likely to decrease in amount in the immediate future. The 

scenario three, which gives the largest losses in glacier volurne (and thus largest 

additional inflow), is an upper estimate as a subsequent reduction in glacier area will 

reduce the volurnes for scenario three shown in Figure 41 (possibly by 5 to 15 %). 

Note that a high degree of uncertainty is associated with the climate scenarios, and 

thus the mass balance scenarios. 
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Figure 40. Net balanee development given three climatic change scenarios. 1 is 

given no change in precipitation and temperature, 2 is using the observed trends at 

Glomfjord, and 3 is the scenarios suggested in Sælthun et.al. (1998). All results are 

produced using the PT-correlation model, except 3 * in which the MBT model was 

used. 
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Figure 41. Cumulative balance development given three climatic change 

scenarios. 1 is given no change in precipitation and temperature, 2 is using the 

observed trends at Glomfjord, and 3 is the scenarios suggested in Sælthun et.al. 

(1998). All results are produced using the PT-correlation model, except 3* in which 

the MBT model was used. 
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8. Conclusions 
The controlling profile of gauging station 160.5 (890) Storglomvatn ndf., was stable 

from the start of the observations to the change in the operation of the reservoir in 

1950. A preliminary assessment at NVE suggested a change in 1984, while Statkraft 

SF assumed that the new rating curve should be backdated to 1970/71. Based on the 

analysis carried out in this report, carried out with the assistance of Statkraft 

hydrologists, we conclude that those major changes in the threshold occurred in 1958 

and 1984. A smaller change probably occurred in 1966/67. It is possible that flooding 

in the wet year 1989 may have caused additional changes prior to the establishment of 

the new rating curve in 1990/91. New discharge and inflow series are established 

based on shifts in 1958 and 1984. 

The reconstructed inflow series, once corrected for the influence of the glaciers, 

demonstrates a flat trend during the observation period 1930-1989, which is in 

accordance with the regional pattems for the same period. Non-glacierised series in 

the region indicate an increase in the 1990's. Trend analysis on the uncorrected 

station is not generally advisable due to the high glacier influence. A comparison of 

average inflow between 1931-1960 and 1961-1989 shows a relative decrease from the 

former to latter period. It is our considered opinion that the decrease is due to the 

unusually high glacier melting, which occurred during the 1930' s and the fact that the 

glacier has approached equilibrium with the current climate. 

The analysis clearly demonstrates that the glaciers contributed heavily to the inflow in 

the 1930's and secondarily in the 1950's. The glaciers may be considered as a long

term reservoir, which at this time was yielding water accumulated over many years. A 

significant climatic shift occurred around 1940 towards a cooler c1imate, reducing the 

contribution of the glaciers, as seen when we com pare the uncorrected inflow series 

with reference series not affected by glaciers. In general, the glacier contribution of 

additional inflow was most probably reduced from more than 50 mill. m3 per annum 

before the 1940's to nearly none today. The total of extra inflow from the glaciers 

during the period from 1916 until today amounts to approximately 3,000 mill. m3• 

It is shown that the glaciers act as a long-term reservoir with a considerable 

dampening effect on the annual inflow variations. Furthermore, additional water from 

glaciers in dry years entails a steady power production in periods with high prices. 

Future scenarios on climate change imply that a reduction in glaciers' mass will 

occur. However, the possible outcomes for extra inflow from the glacier vary from 

near none to a total of more than 5,000 mill. m3 within the year 2050. If the latter 

outcome were realised, the glacier would provide a substantial amount of additional 
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inflow. All scenarios indicate that the current average contribution of the glaciers to 

water inflow will not decrease in amount in the immediate future 
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10. 

10.1 

10.1.1 

Appendix A: 
Glaciological analysis 

Geometrical and volumetric changes 
estimated using map comparison 

Analysis 

The drainage limits of the Svartisen glaciers, as Kennett and Elvehøy (1995) were 

us ed in this investigation. The glacier outline of the glacier maps from the 1890's, 

1968 and 1985 were digitised. The area was then calculated for each year assuming 

that the drainage divide from 1985 was representative for 1968 and the 1890's. To 

separate the glacier complex draining to Storglomvatn further, divides were digitised 

on the screen perpendicular on the contour lines. Laeking digital topographic data 

from 1968, the contour lines from the 1968 detailed map (1 : 20000) were digitised. 

A triangular network (TIN) was constructed from the contour lines. A regular grid 

was then generated from the TIN. The digital topographic data from 1985 were 

converted to a regular grid. 

The change in thickness between August 1968 and August 1985 was calculated by 

subtraeting the DTM's (regular grids). The altitude difference grid was then 

multiplied with the density of ice, 900 kg/m3 (Paterson 1994). The result, the water 

difference grid, was then used to calculate total volurne change and average volurne 

change for Trollbergdalsbreen and the glaciers draining naturally to Storglomvatn. 

The uncertainty in this calculation is assumed to be better than ± 1.8 m w.eqv. 

In addition to these calculations, a less refined preliminary volurne change result was 

used as a basis for some of the modelling in this report. This preliminary result was 

calculated in the end of the 1980's based on the same topographic data sets from 1968 

and 1985, but using different drainage divides (not taking the subglacial topography 

into account). Both the preliminary results and the final results are shown in Figure 

44. 

10.1.2 Area change 

The measured glaciers in the Svartisen area have all had a strong reduction in length 

during the first half of this century (Table 18). Calving has played a principal role in 

decrease of the size of Engabreen and several of the large glaciers of 0stisen. Front 

measurements of Fonndalsbreen and Engabreen show small variations from 1909 to 

the beginning of the 1930's. Then Engabreen started to calve into a new lake formed 
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and the glaeier retreated rapidly in the 1930's and 1940's. In the same period 

Fonndalsbreen retreated rapidly when the lower part of the glacier tongue was 

seperated from the rest of the glaeier. The glaeiers draining to Storglomvatn also 

retreated in this period, but not as rapid as Engabreen and Fonndalsbreen. 

During the last thirty years, the Svartisen glaciers have behaved differently. Three 

western outlets of Vestisen: Dimdalsbreen, Engabreen and Fonndalsbreen, have 

advanced the last decades, while Høgtuvbreen, Trollbergdalsbreen and the large 

outlets from 0stisen have retreated further (Table 18). The front position of 

Engabreen today is the same as it was in 1950, the glacier has made a net advance of 

150 metres from 1968 to 1998, while Høgtuvbreen has retreated more than 600 

metres during the same period. 
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Figure 42. Cumulative front position of Engabreen and Fonndalsbreen. 
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Table 18. Measured front fluctuations (in metres) of glaciers in the Svartisen 

area (compiled from Elvehøy et. al. 1997, Kjøllmoen 1995, Kohler 1997, 

Theakstone 1988). 

Glaeier lee cap 1895/99-1945 1945-1968 1968-85 1985-98 

Dimdalsbreen Vestisen Retreat Retreat 130 301 

Engabreen Vestisen -14002 -400 100 50 

Fonndalsbreen Vestisen -10803 > -5004 small advanee advance 

Storglombreen Vestisen Retreat -350 (East) small retreat 

O (West) 

Tretten-null-to breen Vestisen -100 -300 small retreat 

Flatisen Vestisen > -1000 >-1200 -900 

Austerdalsisen 0stisen -1500 -750 -550 

Fingerbreen 0stisen -5505 -550 -200 

Lappebreen 0stisen 8005 -1000 -200 

Trollbergdalsbreen - Retreat Retreat -100 retreat 

Høgtuvbreen (part ot) Høgtuvbreen Retreat Retreat -6006 

Periods: l 1985-97,2 1909-45, 3 1909-43, 4 1943-51, 5 1910-45, 6 1972-98 

The fluctuations in the front position directly influence the area of the g1acier. Figure 

43 shows the position of the g1acier perimeter as mapped in 1890's, 1968 and 1985. 

The total glacier area of Svartisen was reduced from 468 km2 in the end of the 1890's 

to 369 km2 in 1968 (Hoel and Werenskiold 1962, østrem et. al. 1973), a reduction to 

79 % of the area. The large glaeier outlets from Vestisen and Østisen have had an 

especially strong reduction in area. Engabreen had a 2.3 km2 reduction in its area in 

this period (Table 19). The part of the Svartisen glaciers draining to Storglomvatn 

was reduced from 110 to 100 km2, a significant 9 % reduction of the area from the 

end of the 1890's till 1968 (Table 19). For the period 1968-85 the glacier area 

draining to Storglomvatn decreased additional 1.5 km2, while Engabreen and 

Trollbergdalsbreen had aminor reduction in area. 

Table 19. Area of Engabreen, Trollbergdalsbreen and the glaciers draining to 

Storglomvatnfrom the end of the 1890's til11985. Allfigures given in km2• 

Storglomvatn Others 

0stisen Vestisen Others Total Engabreen Trollbergdalsbreen 

1890's 26.3 75.8 8.3 110.4 40.1 3.0 

1968 22.6 71.2 6.2 100.0 37.8 1.8 

1985 21.7 70.7 6.1 98.5 37.5 1.6 
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Figure 43. Area and front jluctuations of Svartisen glaciers from the end of the 

1890's to 1985. 

10.1.3 Volume change 

Both the preliminary and the final calculations show that all the glacier units draining 

to Storglomvatn have reduced in volume, or rather given off more water than they 

have retained, between 1968 to 1985 (Figure 44, Table 20). Using the final figures , 

the glaciers of 0stisen have had the largest decrease in volume, a total decrease in 

volurne of more than 300 mill. m3
, or a specific balance of approximately -14 m w. 

eqv .. Trollbergdalsbreen has reduced by the same order of magnitude, about -12 m 

w .eqv. in specific balance. The glaciers of Vestisen had a more pronounced (but 

smaller) reduction, almost -3 m w.eqv. , or about 180 mill. m3 in volurne terms. 

Hence, in the period 1968-85, the glaciers draining to Storglomvatn have given off 

approximately 575 ± 180 mill. m 3 more than they have retained (assuming an 

accuracy of ± 1.8 m w.eqv.). 

Table 20. Final figures for volume change of glaeiers draining to Storglomvatn 

and Trollbergdalsbreenjrom 25 August 1968 to 19 August 1985. 

Storglomvatn 
0stisen Vestisen Others Total Trollbergdalsbreen 

Mean [m] -13.6 -2.6 -l3.1 -5.7 -12.2 
Areal [km2

] 22.6 71.2 6.4 100.2 1.8 
Volume [mill. m3

] -308 -184 -83 -575 -22 
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Figure 44. Volume change of glaciers draining to Storglomvatn and 

Trollbergdalsbreen from 25 August 1968 to 19 August 1985. The natural drainage 

area of Storglomvatn is drawn with dotted line. 
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10.2 Estimating annual glaeier volurne changes 
using the hydrological method 

The ratios between the glacier corrected inflow series for Storglomvatn and the basins 

of Skarsvatn and Vassvatn, which are themselves nearly glacier-free, were 

established. The volurne change estimates are based on the 160.5 (890) Storglomvatn 

ndf. inflow series, which was corrected for a change in the rating curve in 1976. 

Multiplying the ratio by the annual inflow to Skarsvatn or Vassvatn and then 

subtracting the annual total inflow to the reservoir Storglomvatn you get the annual 

change in the glacier volurne in the catchment. The ratio between glacier-corrected 

Storglomvatn ndf. and Vassvatn was 11.13 and 4.46 for Skarsvatn. 

Computations have been carried out for periods from 1 September to 31 August 

(known as a hydrological year) in the calibration period from 1968 to 1985 (Figure 

45). 
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Figure 45. Net balanee variations during the calibration period computed using 

the hydrological method. 

Figure 45 shows that the annual change in glacier volurne varies between an increase 

of 226 mill. m3 and a decrease of 235 mill. m3 in the years 1976 and 1980, 

respectively. The surplus and deficit years are clustered in time. The variation pattem 

follows the mass balance observations at Engabreen. 

This method was used to calculate the net balance for the period 1931-89 (Figure 46). 

The use of reference catchment is important, as se en in Figure 46 and Figure 47 the 

results differ, depending on the choice. 

The balance between 1931 and 1989 totals approx. -8000 mill. m3 using Skarsvatn, 

and -2 300 mill. m3 using Vassvatn as reference catchments. The estimated values 

deviate in particular during the periods 1932-41 and 1961-72. Climatic shifts or 
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changes in the hydrological regimes in the region may explain these deviations. 

Furthermore, as the hydrological method depends on the inflow observations, errors 

in dicharge observations could introduee similar effects. 
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Figure 46. Net balanee variations 1931-89 using the hydrological method. 
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Figure 47. Cumulative balanee variations 1931-89 using the hydrological method. 

The results for the 1960's using Vassvatn gives a substantial decrease in glacier mass, 

while using Skarsvatn shows the opposite. During this period, the Skarsvatn rating 

curve changed frequently. The observed deviation in this period indicates a climate 

shift or erroneous inflow figures in any of the catchments. As Vass vatn has both a 

very stable profile and is in a programme with regular observation and the re was no 

major climatic shift in the period, the Skarsvatn observations from this period should 

be handled with caution as this suggests errors exist in them. 
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10.3 Mass balanee observations using 
traditional field methods 

The observation programme at Engabreen provides the baseline data for any analysis 

of the area, as 29 sueessive years of observations are available (Figure 49). 

Figure 48 shows the area distributions of the glaciers. It illustrates the differenee in 

size and elevation ranges of the glaciers. Storglombreen is the largest glacier, and 

most of its area is loeated between 900 and 1300 m a.s.l. Engabreen is also a 

significant size at a similar altitude, but approx. 100 m up. Unlike Storglombreen, 

Engabreen extends below 600 m a.s.l. The faet that Engabreen extends this close to 

sea leve1 is important with regards to aeeumulation, however particularly so for 

ablation. Ablation at sea level eould very weU take plaee throughout the year due to 

the maritime influenee, whieh eauses relatively high winter temperatures. 

Trollbergdalsbreen is eonfined to a smaller elevation interval, mainly between 1000 

and 1200 m a.s.l. 
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Figure 48. Area distribution curves for all glaciers in the area. 

The mass balance variations for the four glaciers in the central Svartisen area are 

shown in Figure 49. 

Mass balanee - Svartisen area 1970 - 1998 
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Figure 49. Specijic winter (upper), summer (bottom) and net balanee (middle) for 

Engabreen (bars) in the period 1970-98. Values for Storglombreen, Tretten-null-to 

breen, Svartisheibreen and Trollbergdalsbreen are shown as lines and dots. 

The data from the mass balance observations of all the glaciers are listed in Table 21. 
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Table 21. Mass balanee data from the 

glaciers in the area. 

Engabreen (38.0 km') 

NO.of Year bw b, bo L bn Eq.line 

Years m m ma.s.l. 

1 1970 2.05 -3.04 -0.99 -0.99 1280 

2 71 3.20 -2.19 1.01 0.02 1070 

3 72 3.22 -3.29 -0.07 -0.05 1150 

4 73 4.37 -1.65 2.72 2.67 830 

5 74 3.39 -2.59 0.80 3.47 1030 

6 75 3.18 -1.57 1.61 5.08 960 

7 76 3.86 -1.45 2.41 7.49 910 

8 77 2.08 -1.20 0.88 8.37 1000 

9 78 2.48 -2.99 -0.51 7.86 1250 

10 79 3.64 -3.22 0.42 8.28 1130 

11 1980 2.68 -3.18 -0.50 7.78 1270 

12 81 2.91 -1.93 0.98 8.76 965 

13 82 2.27 -1.43 0.84 9.60 1030 

14 83 2.34 .1.28 1.06 10.66 1020 

15 84 3.83 -2.78 1.05 11.71 1000 

16 85 1.50 -2.40 -0.90 10.81 1375 

17 86 2.70 -2.45 0.25 11.06 1170 

17 86 2.70 -2.45 0.25 11.06 1170 

18 87 2.57 -1.63 0.94 12.00 1000 

19 88 2.26 -4.05 -1.79 10.21 1400 

20 89 4.62 -1.45 3.17 13.38 890 

21 1990 3.49 -2.64 0.85 14.23 1035 

22 91 2.83 -2.14 0.69 14.92 1090 

23 92 4.05 .1.71 2.34 17.26 875 

24 93 3.06 -2.02 1.04 18.30 985 

25 94 1.95 -1.53 0.42 18.72 1050 

26 95 3.50 -1.76 1.74 20.46 940 

27 96 2.97 -2.14 0.83 21.29 970 

28 97 4.44 -3.22 1.22 22.51 1010 

29 98 2.98 -2.77 0.21 22.72 1100 

Mean 1970-98 3.05 2.27 0.78 

30 Trollbergdalsbreen (1.8/1.6 km') 

NO.of Year bw b, bn L bo Eq.line 

Years m m ma.s.l. 

1 1970 1.74 -4.21 -2.47 -2.47 >1400 

2 71 2.14 -2.47 -0.33 -2.80 1100 

3 72 2.44 -3.68 -1.24 -4.04 1160 

4 73 3.19 -2.43 0.76 -3.28 <900 

5 74 2.57 -2.97 -0.40 -3.68 1095 

6 75 -0.28 -3.96 1090 

7 1990 2.94 -3.23 -0.29 -0.29 1075 

8 91 2.29 -2.45 -0.16 -0.45 1070 

9 92 2.63 -2.13 0.50 0.05 <900 

10 93 2.45 -2.38 0.07 0.12 1060 

11 94 1.49 -2.59 -1.10 -0.98 1180 

Mean 1970-74(75) 2.42 -3.15 -0.66 
Mean 1974-75 2.36 -2.56 -0.20 
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31 Tretten-null-to-breen (4.3 km') 

NO.of Year bw b, b, Lb_ Eq.line 

Years m m ma.s.l. 

1 1985 1.47 -3.20 -1.73 -1.73 

2 86 2.40 -2.84 -0.44 -2.17 1100 

Mean 1985-86 1.94 -3.02 -1.09 

Storglombreeo (59.0 km') 

NO.of Year bw b, b_ L bn Eq.line 

Years m m ma.s.l. 

1 1985 1.40 -2.59 -1.19 -1.19 1300 

2 86 2.45 -2.87 -0.42 -1.61 1100 

3 87 2.32 -1.87 0.45 -1.16 1020 

4 88 2.06 -3.88 -1.82 -2.98 1350 

Mean 1985-88 2.06 -2.80 -0.75 

Austre Okstindbre (14.0 km') 

NO.of Year bw b, bo L bn Eq.line 

Years m m ma.s.l. 

1 87 2.30 -1.60 0.70 0.70 1280 

2 88 1.50 -3.40 -1.90 -1.20 >1750 

3 89 3.70 -2.20 1.50 0.30 1275 

4 1990 3.00 -2.70 0.30 0.60 1310 

5 91 1.80 -2.30 -0.50 0.10 1315 

6 92 2.88 -1.65 1.23 1.33 1260 

7 93 2.22 -2.01 0.21 1.54 1290 

8 94 1.45 -1.62 -0.17 1.37 1310 

9 95 2.25 -1.79 0.46 1.83 1280 

10 96 1.62 -1.92 -0.30 1.53 1330 

Mean 1987-96 2.27 -2.12 0.15 

Høgtuvbreeo (2.6 km') 

NO.of Year bw b, bn Lb, Eq.line 

Years m m ma.s.l. 

l 1971 3.05 -3.78 -0.73 -0.73 950 

2 72 3.34 -4.30 -0.96 -1.69 970 

3 73 3.90 -2.82 1.09 -0.60 720 

4 74 3.46 -3.68 -0.22 -0.82 900 

5 75 3.00 -2.27 0.73 -0.09 760 

6 76 3.66 -2.75 0.91 0.82 730 

7 77 2.20 -2.72 -0.52 0.30 900 

Mean 1971-77 3.23 -3.19 0.04 

Svartisheibreen (5.5 km') 

NO.of Year bw b, b, L bn Eq.line 

Years m m ma.s.l. 

l 88 2.42 -4.03 -1.61 -1.61 1180 

2 89 3.72 -1.36 2.36 0.75 900 

3 1990 .3.79 -2.97 0.82 1.57 930 

4 91 2.61 -2.44 0.17 1.74 950 

5 92 3.89 -2.68 1.21 2.95 900 

6 93 3.50 -2.59 0.91 3.86 890 

7 94 1.83 -1.85 -0.02 3.84 975 

Mean 1988-94 3.11 -2.56 0.55 



10.4 Correlation analysis of mass balanee data 
from the glaeiers in the area 

Mass balanee results at Engabreen from 1970 to 1998 are used to estimate mass 

balanee for the same period at the other glaciers. Correlation analysis is carried out 

for winter, summer and net balance. The results are shown in Figure 50 and Figure 

51. 

The correlation relations are bas ed on 20 years of measurements during the periods 

1970-77 and 1985-96. It is assumed that the data set is uniform, and that all 

measurements from the glaciers are equally representative. The comparative period 

for each glacier varies from 2 to 10 years. The analysis shows high correlation 

between mass balanee observations at Engabreen and other glaeiers, with 

determinants of correlation (r) in the range of 0.78 to 1 for winter balance, 0.83 to 

0.97 for summer balance, and 0.87 to 0.98 for net balance. As shown in Figure 50 and 

Figure 51, the trend lines for each glaeier are nearly parallel. 

This means that the differences between each glacier in the model are regular. The 

differences are larger for summer balanee (up to 2.5 m w.eqv.) than for winter 

balanee (up to 1.5 m w.eqv.). The annual differences for the net balanee model are up 

to approx. 1 m w.eqv. The foundation of the correlations for Storglombreen and 

Tretten-null-to breen (both draining to Storglomvatn reservoir) is bas ed on four 

(1985-88) and twa years (1985-86) of measurements, respectively. This is statistically 

not enough data to obtain areliable correlation. There is a particularly high degree of 

uncertainty for Tretten-null-to breen. The correlation for Storglombreen shows a very 

good continuity with a good scattering of the data, especially for the summer and net 

balance. 

Out of these relations, models for estimating annual winter, summer and net balanee 

are derived for each glacier. The equations are shown in Table 22. 
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Figure 50. The diagrams show the eOTrelation between Engabreen and the other 

glacien for winter (top) and summer (bottom) balanee. The balanee for Engabreen 

is given at the x-axis, and the balanee for eaeh of the other glaciers at the y-axis. 
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Figure 51. The diagram shows the correlation between Engabreen and the other 

glaciers for net balance. The balanee for Engabreen is indicated at the x-axis, and 

the balanee for each of the other glaciers at the y-axis. 

Cum. balanee Cum. balanee 
Glaeler n Equatlon r 1970·98 1970·98 (bw+bs) 

(mw.eqv.) (mw.eqv.) 

Wlnter balanee Engabreen 29 88 
Høgtuvbreen 7 bwHøg = 0 ,76 x bwEng + 0,69 0.94 88 

Austre Okstindbre 10 bwAu.Okst = 0,61 x bwEng · 0,26 0,61 64 

T rollbergdalsbreen 10 bw Troll = 0,62 x bwEng + 0,44 0,94 67 

Svartisheibreen 7 bwSva = 0,76 x bwEng + 0,70 0,76 67 

Trelten-null-to breen 2 bwTre = 0,76 x bwEng + 0,31 77 

Storglombreen 4 bwStor = 0,67 x bwEng + 0,10 1,00 60 

Summer balanee Engabreen 29 -66 
Høgtuvbreen 7 b,Høg = 0,90 x b,Eng - 1,39 0,63 -100 

Austre Okstindbre 10 boAu.Okst = 0,67 x b,Eng - 0,70 0,63 -65 

T rollbergdalsbreen 10 b.Troll = 0 ,96 x b,Eng - 0,63 0,94 -62 

Svartisheibreen 7 boSva = 0,66 x b,Eng - 0,65 0,64 -75 

Tretten-null-to breen 2 
Storglombreen 4 boStor = 0 ,61 x b,Eng - 0,66 0,97 -73 

Nøt balanee Engabreen 29 23 22 

Høgtuvbreen 7 b"Høg = 0,61 x b"Eng - 1 ,04 0,67 -12 -12 

Austre Okstindbre 10 bnAu.Okst = 0,70 x b"Eng - 0,56 0,90 ° -1 

T rollbergdalsbreen 10 b" Troll = 0,60 x b"Eng - 1 ,21 0,95 -17 -15 

Svartisheibreen 7 b"Sva = 0,76 x b"Eng - 0,19 0,95 12 12 

Tretten-null-to breen 2 b" Tre = 1,12 x b"Eng - 0 ,72 5 

Storglombreen 4 b"Stor = 0,60 x b"Eng - 0,44 0,96 5 7 

Table 22. Regression equations between Engabreen and other glaciers in the 

Svartisen area. n is number of years with simultaneous measurements, and,;z is the 

coefficient of determination. Cumulative values bas ed on the equations are shown 

in the two columns to the right. bw and bs are winter and summer balances. 

Measured and modelled cumulative winter, summer and net balanee for the period 

1970-98 are shown in Table 22, and the cumulative net balanee curves are shown in 

Figure 52. Engabreen, Storglombreen and Trollbergdalsbreen are located along a 

101 



west-east profile (Figure 1), where Engabreen is located neat the coast and 

Trollbergdalsbreen 30 km inwards from the coast. The results in Table 22 show that 

the winter balance decreases eastwards (increasing continentality) from 88 m w.eqv. 

at Engabreen (measured) to 67 m w.eqv. at Trollbergdalsbreen. Similarly, the summer 

balance increases eastwards from -66 m w.eqv. at Engabreen to -82 m w.eqv. at 

Trollbergdalsbreen. The net balance curves in Figure 52 show that Engabreen during 

the period 1970-98 had a surplus of 23 m w.eqv., Storglombreen a moderate surplus 

of 5 m w.eqv. , and Trollbergdalsbreen a deficit of 17 m w.eqv . 

As the mass balance series of the area show such a high degree of linear correlation, 

net mass balance was computed for the period 1970-98 for all glaciers, based on the 

linear relations hi ps defined in the correlation analysis (Table 22). The results are 

presented as cumulative net balance, see Figure 52. 
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Figure 52. Measured and computed cumulative net balanee for glaciers in the 

Svartisen area during the period 1970-98. The net balanee is based on measured 

values for the years with measurements and eslimated values for the years without 

measurements. The curves show that the net balanee is greatest at the glaciers near 

the coast and decreasing eastwards (increasing continentality). 

The map comparison show ed that area of Storglombreen was stable between 1968 

and 1985, at approximately 62 m2
• The volurne change for this period was -144 milL 

m3
, which equals a specific change of -2.3 m w.eq. The correlation of mass balance 

observations for the observation period 1970-85 gave a specific change of 1.5 m 

w.eq. The observation period is lacking the first year of the map comparison period, 

that is the mass balance year 1968/69. According the modelling carried out, the 

specific balance of this year was approx. -2 m w.eq. Thus, the correlation of the 

observation series and the map comparison give a specific change for Storglombreen 

for the period 1968-85 of -0.5 and -2.3 m w.eq., respectively. This is a difference of 

1.8 m w.eq, which is within the expected accuracy of map and field observations of 
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mass balanee changes. Field and map observations of mass balanee are considered to 

be independent methods. 

10.5 

10.5.1 

Mass balanee estimation using correlation 
between mass balanee and 
meteorological observations 

Meteorological observations 

Among the meteorological stations in the Svartisen area, there are only a few stations 

with long continuous records. The station in Glomfjord was established in 1916. This 

is the nearest station to Svartisen recording both temperature and precipitation. 

Therefore data from this station was used to model mass balanee at Svartisen. 

From the temperature and precipitation records at Glomfjord winter precipitation 

(September - May) and the average summer temperature (June - September) is 

calculated for the period 1917-98 (Figure 53). The mean winter precipitation was 

1631 mm with annual values between 785 mm (in 1936) and 2693 mm (in 1989). 

Mean summer temperature was 11.4 °e with annual values between 9.6 °e (in 1975) 

and 13.5 °e (in 1934). 

Trend analysis shows an inerease in winter precipitation of 250 mm every 100 years 

(1.5% per decade), and a decrease in summer temperatures by 0.36 °e every 100 

years. The decal averages show that the winter precipitation was highest in the 1990's 

(1990-98) and lowest in the 1950's. The average summer temperature was highest in 

the 1930's and lowest in the 1970's and 1980's. 
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Glomfjord - summer temperature 1917-98 
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Figure 53. Summer temperature (June - September) and winter precipitation 

(September - May) at the meteorological station 80700 Glomfjord. 

The reliability of this modelling depends on the assumption that the variation in 

observed mass balanee represents the variation in periods without measurements. To 

test this the spread meteorological measurements were compared to the spread in the 

meteorological measurements in the period 1917-98. At Engabreen, the measured 

period covers the whole range in the temperature and precipitation records. At 

Trollbergdalsbreen, years with lower summer temperature are not represented in the 

measurements. At Storglombreen, with only 4 years of measurements, years with 

high precipitation or low temperature are not represented in the measurements. 

10.5.2 Regression analysis 

Linear regression analysis was carried out to establish the relationships between 

meteorological parameters at Glomfjord station and annual specific winter and 

summer balances at the three glaciers in the Svartisen area. Best-fit equations and 

coefficient of determination (r2
) for the different samples are shown in Table 23. 

There is a significant lower correlation for summer balances than for winter balances, 
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as expected due to the more complex nature of melt processes than to snow 

accumulation. Examples from Engabreen and Trollbergdalsbreen are shown in. 

Figure 54. The weakest correlation was found for the summer balance at 

Trollbergdalsbreen, indicating differences in meteorological parameters or melt 

processes between the more continental Trollbergdalsbreen and the area c10ser to the 

sea (Figure 3). 

Table 23. Results from regression analysis for winter balanee (b w) at glaciers 

versus winter (September - May) precipitation (Pw) at Glomfjord, and summer 
balanee (bs) at glaeiers versus mean summer (lune - September) temperature (Ts) 

at Glomfjord. Also shown are coefficients of determination (r - the closer the 

figures are to 1.0, the better the correlation) between the data sets. The 

Storglombreen summer balanee model is modified (see text) and fl not given. 

Glaeier Period Winter balanee Summer balanee 

Equation ~ Equation r2 

Engabreen 1970-98 bw = 1.71 *Pw + 0.13 0.86 bs = -0.53*Ts + 3.68 0.53 

Storglombreen 1985-88 bw = 1.27*Pw + 0.39 0.95 bs = -0.39*Ts + 1.85 

Trollbergdalsbreen 1970-74, 1990-94 bw = L14*Pw + 0.34 0.85 bs = -0.61 *Ts + 4.16 0.34 

Again, the reliability of the modeling depended on periods with mass balance 

measurements representing the longer periods without measurements. Regression 

analyses for the winter and summer balances were carried out with data from 

Engabreen for the periods where measurements were taken at the other glaciers. This 

indicated that there is a good correlation between the Trollbergdalsbreen 

measurements and those at Engabreen, while the analysis of the Storglombreen 

measurements suggested that the summer balances are being over-estimates. 

The comparison of the modelled cumulative net balances 1968-85 and preliminary 

volurne change calculated manually from maps (1968-85) for Storglombreen (Figure 

44), indicated that modelled net balance was too negative. This ties in with the 

observation that the summer balance model for Engabreen (based on 1985-88) was 

over-estimating the summer balance in warm summers when compared to a summer 

balance model based on all 29 years. The summer balance function was modified to 

compensate for this so that the cumulative balance (1968-85) for Storglombreen 

equals the map-derived volurne change. This function was then us ed as a model for 

the summer balance at Storglombreen. 
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Figure 54. Examples of best-fit curves from regression analysis (equations given 

in Table 23). 

An attempt to improve the PT -model for Storglombreen was done using the results 

form the regression analysis between mass balanee at Engabreen and Storglombreen 

and the regression analysis between meteorology at Glomfjord and mass balanee at 

Storglombreen. These data sets provided slightly different functions for winter and 

summer balance, giving higher winter balanee (especially for wet winters) and more 

or less the same summer balance. The 1917-98 cumulative net balances was 

considerably more positive, while the 1968-85 cumulative net balanee was slightly 

more positive then the modified best-fit models. Since this approach does not seem to 

improve the model results significantly we will use the modified functions based on 

the original four years of measurements at Storglombreen. 

10.5.3 Pl -correlation model 

The regression analyses established functional relationships between meteorological 

parameters at Glomfjord and mass balanee terms for the glaciers in the area. These 

relationships (Table 23) were used to calculate annual winter and summer balances at 

the three glaciers for the period 1917-98. From these results, cumulative net balanee 

for the period was calculated. The results indicate that Engabreen has increased its 

mass through the whole period, and grew faster after 1970 than before 1970. 

Trollbergdalsbreen and Storglombreen have been decreasing in volume, but more 

slow ly after 1970. 
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10.5.4 Volume change 

The annual volurne net balanee for the glaciers draining naturally to Storglomvatn is 

calculated from annual specific net balanee and annual glacier area. 

The modelled specific balances for Storglombreen and Trollbergdalsbreen are 

considered representative for the western and eastern part of the glacier area within 

the catchment to Storglomvatn. The western part is made up of the northern part of 

Vestisen, (i.e Storglombreen and two smaller basins to the north of Storglombreen). 

The eastern part is made up of the northern part of 0stisen and some smaller basins 

further north. 

The east/west division is applied due to the regional trend of increasing 

continentallity (Le. less precipitation and humidity, increased annual temperature 

amplitudes) towards the east, and the differences seen in annual mass balanee 

measurements (Figure 52) and in the calculated volurne changes (Figure 44). 

The cumulative volume balanee for the glaciers draining naturally to Storglomvatn 

calculated for a constant area (1968) is shown in Figure 55 (red line). For comparison 

the cumulative volurne balanee calculated with the best-fit regression function for 

summer balanee at Storglombreen is shown in the same figure (blue line). This 

demonstrates the uncertainty caused by the limited number of measurements at 

Storglombreen. 

The area of a glacier is constantly changing to compensate changes in glacier volurne 

caused by varying mass balance. An increase in specific winter balanee or decrease in 

specific summer balanee will therefore lead to an increase in glacier area by glacier 

front advance. This lead to an inerease in the annual volurne of glacier ice melted 

away, thereby approaching equilibrium between winter accumulation and summer 

melting. On the contrary, a decrease in winter balanee or increase in summer balanee 

will lead to a decrease in glacier area by glacier front retreat, and decreasing the 

volume of glacier melt. Thereby the glacier volurne will approach equilibrium with 

the mass balance. In this way the glacier area increases and decreases as a response to 

changes in glaeier volume. 

The modelled specific balances are valid for a specific altitudinal area distribution, 

Le. the altitudinal area distribution used to calculate specific mass balanee from point 

measurements on the glaciers. At Svartisen, the mass balanee is calculated with maps 

constructed from 1968 aerial photographs. Historical records show that the glaciers 

were considerably larger around year 1900 than at present (Figure 42). For the 

majority of the glaciers in the Svartisen area, most of the reduction in area took place 

between 1930 and 1960-70, and the lower parts of the glaciers experienced the most 

dramatic change. Consequently, the glaciers probably experienced a more negative 

mass balanee in the first half of the period than shown by the red line in Figure 55. 
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Figure 55. Cumulative volume balanee for the glaciers draining towards 

Storglomvatnet during severai stages ofrefmements of the models. 

The glacier area within the catchrnent of Storglomvatn is calculated from maps 

representing the situation in 1900, 1968 and 1985 (Table 19). The maps show that 

there was a considerable reduction in glacier area between 1900 and 1968. 

Observations at Engabreen show only small changes between 1900 and 1930, which 

suggests that the glacier area was fairly stable in this period. Thus, the major 

reduction in area is supposed to have taken place between 1930 and 1968. After 1985 

the glacier area has been fairly stable, and is considered to have been constant in this 

analysis. The glacier area is calculated for each year between 1900 and 1998 by linear 

change between years with known (1900, 1968 and 1985) or assurned (1930 and 

1998) areas. From these annual areas and representative annual specific net balances, 

annual and cumulative volurne balances were calculated (Figure 55, green line). This 

gave a slightly more negative volurne balance, especially in the late 1930' s and 

1940' s. 

The specific balance terms are assurned to be the same across the whole altitudinal 

range of the glaciers. Since the change in area was concentrated in the lower part of 

the glacier where the melting is dominant, the change should have a greater impact on 

summer volurne balance than winter volurne balance. To incorporate this effect in the 

model, we excluded the effect of change in area from the winter balance modelling. 

The resulting cumulative volurne balance is shown in Figure 55 (thick black line), and 

is considered to be a best estimate of volurne balance for the glaciers draining 

naturally to Storglomvatn. The volurne balance is significantly more negative 

between 1917 and the 1950' s than the sec ond and the third steps in the modification 

process is (Figure 55, thick black line). 

The difference between the curves showing the cumulative volurne balance for the 

glaciers draining to Storglomvatn (Figure 55) indicates the range of uncertainty in 

these calculations. 
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Figure 56 shows the cumulative volurne balanee for the eastern and western parts of 

the glaciers in the Storglomvatnet catchment. Note that the volurne balanee of the two 

parts is quite similar up to around 1960. After 1960, the volurne of the western part is 

more or less stable, while the eastern part is still decreasing (however, at a slow er 

rate). The more negative net balanee in the eastern part (see Figure 44) compensates 

that the western part is considerably larger than the eastern part (71.25 and 28.8 km2 

respectively in 1968). 

Cummulative volume balanee Storglomvatn catchment 
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Figure 56. Cumulative volume balance for the eastern and western parts of the 

glacier area draing to Storglomvatn, calculated with constant (1968) area for the 

winter balanee and changing area for the summer balance. 

10.6 Mass balanee modelling using a degree
day model 

The model was initially calibrated for Engabreen, Storglombreen and Trollbergbreen, 

using the available mass balanee observations. This was done to investigate the 

performance of the modelon an annual basis. 

The model was then re-calibrated using the preliminary data sets on change in mass 

between 1968 and 1985, as calculated manually from the maps of 1968 and 1985. 

The mass balanee observations, volurne change estimates from repeated mapping and 

implied correlation of mass balanee observations, all indicate there is a split (or 

possibly a gradient) from west to east in glacier mass balance, from an inerease in 

mass in the West to a decrease in mass in the east. The model calibrated for 

Storglombreen was used to model the net balanee of the western part, and the 

Trollbergdalsbreen calibration was us ed to model the eastern part. 

Figure 57 shows the modelled mass balanee of the glaeier area draining naturally to 

Storglomvatn. In this model, the area was assumed to be equal to the area in 1985. 
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Note that the PT -correlation model gave final estimates of net balance, which also 

took into account the change in glacier area. 
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Figure 57. Net balance (using the MBT model) of the glacier area naturally 

draining to Storglomvatn. 

The model performance depends on the calibration procedure. It was obvious that 

several sets of parameter values could be used to obtain si mi lar results, however that a 

small change in parameter values could yield significant changes in the long-term 

cumulative values. The Storglombreen makes the major contribution to the total 

change in mass, as it represents more than 60 % of the total glaeier area draining to 

Storglomvatn. However, only four years of mass balanee observations exists for 

calibration of a model in the area. If more mass balanee observations were available, 

the parameter values of the model could have been estimated with a higher degree of 

confidence. 
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11. Appendix B: 
Supplementary 
documentation for 
inflow analysis 

The most significant results from the inflow analysis, which were not inc1uded in the 

rest of the report, are inc1uded in this appendix. 

The inflow series for the different stations are shown as linear trend and Gauss

filtered plots according to Table 24. The trend lines are not shown in the plots if the 

trend is flat. 

Table 24. Overview of inflow plots. The pairs of figures in each entry in this table 

correspond to plot of Gauss-filtered inflow and linear trend ploto 

Station Rating Period Correction Figure 
curve shift 

160.5 (890) Storglomvatn ndf. None 1931-89 Uncorrected 58,59 

PI -correlation 60,61 

MBT 62,63 

1958 and 1931-89 Uncorrected 64,65 
1984 

PT -correlation 66,67 

MBT 68,69 

Vassvatn 70,71 

157.3 (714) Vassvatn None 1931-89 None 72,73 

None 1917-97 None 74,75 

162.2/3 (720) Skarsvatn None 1931-89 None 76,77 

None 1917-97 None 78,79 

166.1 (727) Lakshola None 1931-89 None 80,81 

None 1917-97 None 82,83 

156.8 v.2 (1133+881) Berget+Svartisdal None 1956-89 None 84* 

152.4 (705) Fustvatn None 1931-89 None 85,86 

None 1917-97 None 87,88 

168.1 (730) Storvatn None 1931-89 None 89,90 

None 1917-91 None 91,92 

* The Gauss-filtered inflow plot is ornitted, as the series is short. 
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Furthennore, the linear trend and Gauss-filtered plots of the glaeier net balanee are 

shown according to Table 24. 

Table 25. Overview of glacier net balance plots. The pairs of figures in each entry 

in this table correspond to plot of Gauss-filtered net balanee and linear trend ploto 

The time period is from 1931 to 1989. 

Method 

PT -correlation 

MBT 

Hydrological method using Vassvatn 

Figure 

93,94 

95,96 

97,98 
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Figure 58. Gauss-filtered unco"ected injlow series at 160.5 (890) Storglomvatn 

ndf. Period 1931-89. No shift in rating curve. 

o 

Statlon: Storgl~mvatn ukorrlgert 1 kurve 

Glaeler mass balanee (Annual sums) In the years: 

Trend equatlon : y = 748.73 + 0 . 12 t 

1931- 1989 

t = 0 . 17 NDF : 57 
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Figure 59. Linear trend of unco"ected injlow series at 160.5 (890) Storglomvatn 

ndf. Period 1931-89. No shift in rating curve. 

113 



Slallon: 160. 5 . 0 .1 050.2 

Inflow dala (Annual sums) In Ihe years: 

o Gauss filler (band wldlh 9 and 27 years.) 
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Figure 60. Gauss-jiltered glacier-corrected (PT-corr) inflow series at 160.5 (890) 

Storglomvatn ndf. Period 1931-89. No shift in rating curve. 
Statlon : 160. 5 . 0 .1 050.2 Storgl6mvatn PT-korr 1 kurve 

Inflaw dala (Annual sums) In the years: 1931 - 1989 

o Trend .quallon : y = 654.22 + 2 .40 I I = 2.46 NDF: 57 
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Figure 61. Linear trend ofglacier-corrected (PT-corr) inflow series at 160.5 (890) 

Storglomvatn ndf. Period 1931-89. No shift in rating curve. 
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Figure 62. Gauss-filtered glacier-corrected (MBT) inflow series at 160.5 (890) 

Storglomvatn ndf. Period 1931-89. No shift in rating curve. 
Statlon: 1 60 .S . 0 . 1 OSO .3 StorgiOmvatn MST 1 kurve 

Inflow data (Annual su ms) In the years: 1931- 1989 

o Trend equatlon : y = 660 .02 + 1.99 t t = 1 . 67 NDF: S7 
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Figure 63. Linear trend of glacier-corrected (MBT) inflow series at 160.5 (890) 

Storglomvatn ndf. Period 1931-89. No shift in rating curve. 
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Statlon: 160.5.0.1001.20 Storglomvatn ndf . Inflow shIft 58,84 
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Figure 64. Gauss-jiltered uncorrected inflow series at 160.5 (890) Storglomvatn 

ndf. Period 1931-89.1958 and 1984 shifts in rating curve. 
Statlon: 160.5.0.1001.20 Storglomvatn ndf. Inflow shIft 58,84 

Olscharges (Annua l sums) I n the years : 19.31- 1989 

o Trend equatlon : y = 769. 1 5 -1 . .39 t t = -2 .02 NDF: 57 
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Figure 65. Linear trend of unco"ected inflow series at 160.5 (890) Storglomvatn 

nd/. Period 1931-89.1958 and 1984 shifts in rating curve. 
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Statlon: 160.5.0.1001 .20 Storglomvatn ndf. Inflow shift 58,84 PT 

Dlscharges (Annual sums) In the years: 1931- 1989 

o Gauss filter (band wldth 9 and 27 years.) 
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Figure 66. Gauss-filtered glacier-corrected (PT-corr) injlow series at 160.5 (890) 

Storglomvatn ndf. Period 1931-89.1958 and 1984 shifts in rating curve. 
Statlon: 160.5.0.1001.20 Storglomvatn ndf . Inflow shift 58, 84 PT 

Dlscharges (Annual sums) In the years: 1931- 1989 

o Trend equatlon: y = 691.97 -0.01 t t = -0.01 NDF: 57 
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Figure 67. Linear trend of glacier-corrected (PT-corr) injlow series at 160.5 (890) 

Storglomvatn ndf. Period 1931-89.1958 and 1984 shifts in rating curve. 
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Figure 68. Gauss-jiltered glacier-corrected (MB1) injlow series at 160.5 (890) 

Storglomvatn ndf. Period 1931-89. 1958 and 1984 shifts in rating curve. 
Stat lon : 1 60. 5 . 0 .1 001 .20 St org lomvatn ndf . Inf l ow shI ft 58 ,84 MBT 

Dlscharges (Annua l sums) I n t he years : 193 1 - 1 989 
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Figure 69. Linear trend of glacier-corrected (MB1) injlow series at 160.5 (890) 

Storglomvatn ndf. Period 1931-89.1958 and 1984 shifts in rating curve. 
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Statlon: 160.5 . 0.1001.20 Storglomvatn ndf . Inflow shIft 58,84 VAS 
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Figure 70. Gauss-jiltered glacier-corrected (Vassvatn) injlow series at 160.5 (890) 

Storglomvatn ndf. Period 1931-89. 1958 and 1984 shifts in rating curve. 
Statlon : 160 .5.0 .1 001 . 20 Storglomvatn ndf . Inflow shIft 58,84 VAS 

Dlscharges (Annual sums) In the years: 1931 - 1989 
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Figure 71. Linear trend of glacier-corrected (Vassvatn) injlow series at 160.5 (890) 

Storglomvatn ndf. Period 1931-89. 1958 and 1984 shifts in rating curve. 
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Statlon : 157.3.0.1001.1 Vassvatn 

Dlscharges (Annual sums) In the years: 1931- 1989 
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Figure 72. Gauss-filtered inflow series at 157.3 (714) Vassvatn, 1931-89. 
Statton: 157.3.0 . 1001.1 Vassvatn 

Dlscharges (Annual sums) In the years: 1931- 1989 

Trend equatlon: y = 60 .64 + 0.09 t 
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Figure 73. Linear trend ofinflow series at 157.3 (714) Vassvatn, 1931-89. 
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Statlon: 157.3 .0.1001.1 Vassvatn 
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Figure 74. Gauss-filtered inflow series at 157.3 (714) Vassvatn, 191 7-97. 
stotron : 157.3.0.1001.1 Vcssvatn 

Olscharges (Annual sums) I n the years: 1917- 1997 

<:> Trend equatlon : y = 61.07 + 0 .04 t 0.60 NOF: 

\ 

\ 

79 
<:>-.-------.--------.--------.~-----.--------.--------.-------.--------~ 

~ -Hr_----_1--------+_------~~----_1--------~--_++_~------_1--------~ 

~ -Hr-----~--------+-------~~----~----~~~---++-~------~-++-~--+-

~ -Hr_++--_1----rr--+_--~++tr~----_1+++_~++~~Kt+_tr----~~_+t_tr~~ 

~ -HHH++rH~~~HH~++HH~++HHHH++~HH++~HH~++HH~++HHHH++~HH~~HH~~ 

~ -HKt++trHH++~HH~t+HHKt++HHHH++trHH++~HH~~HHKt++HHHH++trHH++~HHKt4H 

~ ~uu~~~~~uu~tLuuuu~~uu~~~~~uu~tLuuuu~~uu~~~~~uuuu~ 

1916 1927 1937 1947 1957 1967 1977 1987 1997 

Figure 75. Linear trend ofinflow series at 157.3 (714) Vassvatn, 1917-97. 
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Figure 76. Gauss-jiltered inflow series at 162.2/3 (720) Skarsvatn, 1931-89. 
Slatlon : 162.2.0.1001.1 Skarsvaln 

Drscharges (Annual sums) In the years: 1931- 1989 
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Figure 77. Linear trend ofinjlow series at 162.2/3 (720) Skarsvatn, 1931-89. 

122 



o 
o ,.,., 

o 
U") 

o 
o 

o 
U") 

Statlon : 162.2.0.1001 . 1 Skarsvatn 

Dlscharges (Annual sums) In the years: 19 17- 1997 

Gauss filter (band wldth 9 and 27 years.) 

I ~~ " 1/\ V ~ ~~~ ,~A N l hAh !/\t'N 11 ~~ fr" \ l ....... .-r ~ 

\ V 

V\ V V 

1920 1930 1940 1950 1960 1970 1980 

~ li 
011 -
y 

11 
, 

" 

1990 

Figure 78. Gauss-jiltered inflow series at 162.2/3 (720) Skarsvatn, 1917-97. 
Statlon: 162.2. 0 .1 001 . 1 Skarsvatn 

Dlscharges (Annual sums) In the years: 1917- 1997 

o Trend equatlon : y = 156.25 + 0 .24 t 1.30 NDF: 
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Figure 79. Linear trend ofinjlow series at 162.2/3 (720) Skarsvatn, 1917-97. 
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Statlen: 166.1.0 . 1001 .1 Lakshela 

Olscharges (Annual surns) In the years: 1931- 1989 
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Figure 80. Gauss-jiltered inflow series at 166.1 (727) Lakshola, 1931-89. 
StetTon: Lakshola 

GleeTer moss balanee (Annual sums) In the years: 1931- 1989 

o Trend equatl en: y = 429 . 62 + 0.02 t t = 0 .03 NDF: 
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Figure 81. Linear trend of injlow series at 166.1 (727) Lakshola, 1931-89. Note 

that the trend line is not shown, as it is flat 

124 



<:> 
<:> ..... 

g 
<D 

<:> 
<:> ..., 

g 
N 

Statlon: 166. 1.0.1001.1 Lakshola 
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Figure 82. Gauss-jiltered injlow series at 166.1 (727) Lakshola, 1917-97. 
Statlon : 166.1.0. 1001.1 Lakshola 

Dlscharges (Annual sums) I n the years: 1917- 1997 

Trend equatlon : y = 421 .09 + 0 .40 t 0.98 NDF: 79 
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Figure 83. Linear trend ofinjlow series at 166.1 (727) Lakshola, 1917-97. 
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Statlon: 156.8.0.1001.11 Berget + SvartIsdal 

Dlscharges (Annual surns) In the years : 1956- 1989 
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Figure 84. Linear trend ofinflow series sum Berget+Svartisdal, 1956-89. 
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Statlen: 152.4.0. 1001 . 1 F"ustvatn 

Dlscharges (Annue l sums) In the years : 1931 - 1969 
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Figure 85. Gauss-jiltered injlow series at 162.4 (705) Fustvatn, 1931-89. 
Statlen : 152.4.0.1001 .1 F"ustvatn 

Dlscharges (Annual sums) In the years : 1931 - 1969 
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Figure 86. Linear trend ofinjlow series 162.4 (705) Fustvatn, 1931-89. 
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Statlan : 152.4.0.1001.1 Fustvatn 

Dlscharges (Annual sums) In the years: 1917- 1997 
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Figure 87. Gauss-filtered injlow series at 162.4 (705) Fustvatn, 1917-97. 
StotTon : 152.4.0.1001.1 Fustvatn 

Dtschorges (Annua l sum,.) In the y.ars: 1917- 1997 

o Trend equatlan: y = 982 .99 + 0.94 t 0.82 NDF: 
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Figure88. Linear trend ofinjlow series 162.4 (705) Fustvatn, 1917-97. 
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Statlon: 168.1.0.1001.11 Storvatn 

Olscharges (Annual sums) I n the years : 19.31 - 1989 

Gauss filter (band wldth 9 and 27 years . ) 
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Figure 89. Gauss-jiltered injlow series at 168.1 (730) Storvatn, 1931-89. 
Statlon : 168.1.0.1001.11 Storvatn 

Olscharges (Annual sums) In the years: 19.31- 1989 

Trend equatlon: y = 15.3.06 + 0 .24 t 0 .79 NOF: 57 
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Figure 90. Linear trend ojinjlow series 168.1 (730) Storvatn, 1931-89. 
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Statlon : 168.1.0 . 1001.11 Storvatn 

Dlscharges (Annual sums) In the y.ars: 1917- 1991 
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Figure 91. Gauss-filtered inflow series at 168.1 (730) Storvatn, 1917-91. 
Stetten : 168.1.0.1001.11 Storvetn 

Dlscharges (Annual sums) In Ihe years: 1 917- 1991 
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Trend equallon: y = 161.04 + 0.00 I 0.02 NDF: 73 
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Figure 92. Linear trend of injlow series 168.1 (730) Storvatn, 1917-91. Note that 

the trend line is not shown, as it is flat 
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5tatlon : PT-corr 

Preclpltatlon (Annual sums) In the years: 1931- 1989 
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Figure 93. Gauss-jiltered net balanee series. Net balance was estimated using the 

PT-correlation method. Period 1931-89. 
5tatlon: PT-corr 

Preclpltatlon (Annual sums) In the years: 1931- 1989 
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Figure 94. Linear trend of net balanee series. Net balanee was estimated using the 

PT-co"elation method. Period 1931-89. 
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S t atlan : MBT 

Preclpltatlan (Annual sums) In the years : 1931 - 1989 
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Figure 95. Gauss-filtered net balanee series. Net balanee was estimated using the 

MBT model. Period 1931-89. 
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Figure 96. Linear trend of net balanee series. Net balanee was estimated using the 

MBT model. Period 1931-89. 
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Statlon : Vassvatn 

Preclpltatlon (Annual sums) In the years : 1931- 1989 

Gauss filter (band wldth 9 and 27 years . ) 
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Figure 97. Gauss-jiltered net balanee series. Net balanee was estimated using the 

hydrological method with Vassvatn. Period 1931-89. 
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Figure 98. Linear trend of net balanee series. Net balanee was estimated using the 

hydrological method with Vassvatn. Period 1931-89. 
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12. Appendix C: A brief 
history of NVE 

NVE was formally established by creation of the executive board on 1 May 1921. 

However, already in 1804, Kanalvesenet (the Canal-Direction) was established. The 

tasks were restricted to riverbank protection, facilitating the log driving and 

prevention of flood damages. In 1847, Kanalvesenet became a separate directorate, 

which from the 1850's mainly took care of canal construction. In 1907, Kanalvesenet 

became Vassdragsvesenet (the Water Board). At this time, an increasing industrial 

use of hydroelectric power generated a growing interest in power supply. Beside the 

management of the statutory framework, Vassdragsvesenet became involved in their 

own hydropower developments and watercourse regulations. Hydrological 

investigations were an important task to elucidate the energy potential of the 

waterfalls. 

In 1920, the Norwegian Water Resources and Electricity Board (NVE) was organised 

as a separate department. The department went through several organisational 

changes during the subsequent decades and in 1986 a comprehensive reorganisation 

of NVE occurred. The department changed name to Norwegian Water Resources and 

Energy Administration (still NVE). The Norwegian State Power Board was separated 

from the NVE and organised as an independent company by the name Statkraft SF. 

Statkraft continued to pursue the Governments involvement in development and 

management of power plants. 

Finally, from 1 October 1998 NVE is now called The Norwegian Water Resources 

and Energy Directorate, and is subordinated to the Ministry of Petroleum and Energy. 

Today, NVE's function is to en sure a comprehensive and environmentally sound 

approach to water resource management, to prornote an efficient energy market and 

cost-effective energy system, and to contribute to efficient energy consumption. NVE 

has a central role in preparedness for floods and similar natural hazards affecting 

watercourses, and takes chief responsibility for maintaining the national energy 

supply. 

NVE is involved in research and development and international co-operation in its 

field and is the national institution for hydrology. NVE has its head office in Oslo and 

regional offices in Tønsberg, Hamar, Førde, Trondheim and Narvik, employing a staff 

of 380. 
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