




































































































































































































































































125 

Fransila, M. & Jarvi, P. (1976): On changes in local climate due 

to creation of the Lokka Reservoir. Finn. Met. Inst. Contr. 

No 83. 

Gislefoss, K. (1980): En undersøkelse av samspillet mellom elvevas­

stand, grunnvasstand og tørkestresset i de øverste jordlagene 

på Sletten gard i Skjåk. Relations between the water level in 

the river and groundwater level and draught stress in the 

upper soil at Sletten in Skjåk (Norw.). Thesis Univ. Bergen, 

Geophys. Inst. 

Gislefoss, K. og Skaar, E. (1980): Samspillet mellom elvevannstand, 

grunnvannstand, tørkestress og mikroklima på Sletten gård i 

Skjåk. Relations between the water level in the river and 

groundwater level and draught stress, and micro-climate at 

Sletten in Skjåk (Norw.). Rep. Univ. Bergen, Geophysical Inst. 

Gjessing, Y.T. (1968): On the relation between the meteorological 

conditions and the freezing of Lustrafjord. No. Geogr. Tidss. 

(1969) : Local climates and growth climates of the Sognefjord. 

Part Il. The radiation climate. Met. Ann. Vol 5, No 10. 

(1982): Islegging av Lusterfjorden og virkningen på lufttem 

peraturen. Freezing over of the Lustrafjord and its effects 

on air temperature (Norw.). Norw. Hydrol. Comm. Intern. Rep. 

No 10. 

og Hanssen-Bauer, I. (1988a): Kaldluftsproduksjon og kald­

luftsdrenasje på Finnmarksvidda. Del I. Problemstillinger, 

bakgrunnsmateriale og måleopplegg. Studies of drainage wind 

in a valley before and after construetion of a hydroelectric 

dam. Part I. Background, project goals, and instrumentation 

(Eng. abstr.). Meteorol. Rep. Ser. Univ. Bergen, No 1 - 88. 



126 

(1988b): Del 3. Studie av strømning i en canyon ved nøytral 

sjiktning. Part III. A study of the flow through a canyon in 

neutral conditions (Eng. Abstr.). Ibid. No 3 - 88. 

Gjessing, Y.T. og Nordli, P.ø. (1991): Klimaendringer ved regule 

ring av Fortun/Granfasta og Leirdøla . Changes in loeal elima te 

caused by the regulation of Fortun/Granfasta and Leirdøla 

(Norw.). DNMI- Klima No 45/91. 

Gotaas, Y, (1982): Klimapåvirkninger i Bardu fra Altevannsreguler­

ingen . Effeets of the regulation of Al tevann on the loeal 

climate of Bardu (Norw). Norw. Hydrol. Comm. Int. Rep. No 10. 

(1988): Klimakonsekvenser ved vassdragsutbygging - Fysiske 

prosesser. I: Konsekvenser av vassdragsutbygging. Climatie 

eonsequenees of regula tion of wa tereourses - Physieal pro­

eesses (Norw.). Seminar Bårdshaug, NLVF. 

og Nordli, P.ø. (1990): Klimapåvirkning i Maze (Masi). 

Climatie effeets in Maze (Norw.). DNMI-Klima No 33/90. 

Hammer, T.M. (1986): Klima- og frostskadegransking i Luster. 

Istilhøva i Lustrafjorden og verknaden av isen på det lokale 

vinterklimaet. Iee eondi tions in the Lustrafjord and their 

effeet on loeal climate in winter (Eng. abstr.). Meteorol. 

Rep. Ser. Univ. Bergen No 2 - 86. 

Hanssen-Bauer, I. (1988): Kaldluftsdrenasje og kaldluftsproduksjon 

på Finnmarksvidda. Del 4: Studier av drenasjestrøm gjennom en 

canyon ved forskjellige storstilte vindforhold. Studies of 

drainage wind in a valley. Part 4: Drainage flow through a 

canyon under different ambient wind conditions (Eng. abstr.). 

Ibid No 8 - 1988. 

(1989a): Ibid. Del 7: Luftstrøm langs Altavassdraget før og 

etter vassdragsutbyggingen. Part 7: Air flow along the Alta 

River Valley before and after regulation (Eng. abstr.). Ibid. 



127 

(1989b) : Studies of drainage wind in a valley before and after 

construction of a hydroelectric dam. Dr. scient. dissertation, 

Univ. Bergen, Dept. of Meteorology. 

Haug, K. (1978): Låvetørking av høy. Drying of hay l.n barns (Norw). 

LOT Småskrift 7/78. 

Høgåsen, S. (1974): Varmeovergang vatn-luft. Eksperiment l friluft. 

Heat transfer water-air (Norw.). Unpublished. 

Kanavin, E.V. (1968): Tåke- og rimproblem i våre vassdrag i 

forbindelse med reguleringer. Fog an hoarfrost in connection 

with watercourse regulations (Norw.). NVE Rep. N9/68. 

KVO (1981): Vassføringsforhold i Orkla før og etter regulering. 

Water flow conditions in Orkla River before and after regula­

tion (Norw.). Trondheim sept. 1981. 

Leith, C.E. (1973): The standard error of time-averaged estimates 

of climatic means. J. Appl. Meteor. 12. 

Lilleng, H. og Merok, K. (1984) Klima l husdyrrom. Climate l.n 

houses for domestic animals (Norw.). SFFL Småskrift 1/84. 

Lowry, W. P. (1976): Empirical estimation of urban effects on 

climate. A problem analysis. J. Appl. Meteor. 16. 

Myhr, E. (1970): Virkningen aven vassdragsregulering på grunn 

vass forhold og avlingsnivå på tilstøtende jordbruksarealer. 

The influence of a watercourse regulation on the state of 

groundwater and crops on adjacent, cultivated land. (Eng. sum­

mary). Scientific Rep. Agr. Coll. of Norway, Vol. 49, No. 23. 

(1971) : Grunnvassforhold og avlingsnivå i forbindelse med For­

tun/Granfastavassdraget i Luster. Groundwater conditions and 

crop yield in connection with the regulation of the Fortun­

Granfasta watercourse (Eng. summary). Ibid. Vol. 50, NO. 8. 



128 

(1982): Virkningen av Otta på grunnvatn, markvatn og avling. 

Undersøkelser på Sletten Gard i Skjåk. The influenee of the 

Otta River on soil water and erop yield (Norw.). Rep. Inst. 

of Agricultural Hydrotechnics, Agr. Coll. of Norway. 

Nordli, P.ø. (1974): Førebels utgreiing om tenkjelege, lokale 

klimaendrlngar i indre Nordfjord og Ottadalen på grunn av dei 

planlagde vassdragsreguleringane i Jotunheimen. Possible 

changes in the loeal elimate of inner parts of Nordfjord and 

of the Otta River Valley due to planned water eourse regula­

tions (Norw.). DNMI-Rep. B-42. 

(1975) : Om moglege endringar i lokalklima ved vassdragsutbyg­

ging i Alta. possible changes in the loeal elimate by regula­

tion of the Alta River (Norw.). DMNI-Rep. A-17 

(1981): Klimaverknad på grunn av is i indre Nordfjord 

og Lovatnet. Influenees on ambient elimate of iee on inner 

Nordfjord and on Lovatnet (Eng. sununary). DNMI-KLIMA, No 4. 

(1986) : Den hygroskopiske evna til stråfor lagra i uthus. The 

hygroseophie properties of hay stored in a barn (Norw.). DNMI­

Rep. No 22/86. 

(1988): Frostrøyk og dalstratus i Gudbrandsdalen. Frostsmoke 

and valley stratus in Gudbrandsdalen Valley (Norw.). Ibid: 

No 7/88. 

(1988): Verknader på lokalklimaet ved reguleringa av Ulla. 

Effeets on loeal elimate of the regulation of Ulla River 

(Norw.). Ibid: No 26/88. 

(1994): Klimaverknader ved oppdemming av Blåsjø-magasinet. 

Climatie effeets of the danuning of Lake Blåsjøen reservoir 

(Norw.). Ibid: No 12/94. 



129 

Nybø, K. (1984): Rendalsoverføringa sin verknad på rimnedslaget 

langs vassdraget. The effects of the Rendal regula tion on 

hoarfrost deposit along the watercourse (Eng. summary) . DNMI -

Klima No 6, 14-22. 

Odland, A. (1991): Endringer l flora og vegetasjon som følge av 

vannkraftutbyggingen i Aurlandsdalen. Vegetation changes 

following hydroelectric development in Aurland, W Norway (Eng. 

abstr.). NINA Forskningsrapport 15: 1-76. 

Birks, H.H., Botnen, A., Tønsberg, T., and Vevle, o. (1991): 

Vegetation change in the spray zone of a waterfall following 

river regulation in Aurland, Western Norway. Regulated rivers: 

Research & managment, Vol. 6, 147-162. 

Pleym, H. (1980): En lokalklimatisk undersøkelse i forbindelse med 

vannkraftutbygging i Rendalen. A study of loeal climate in 

eonnection with hydropower development in Rendalen (Norw.). 

Rep. NLVF, Oslo. 

Rodhe, B. (1968): Studies of the effect of lake regulations on 

local climate. SMHI, Medd. Serie BI No 28. 

Roen, S. (1988): Konsekvenser av reguleringer i elver og innsjøer. 

I: Konsekvenser av vassdragsutbygging. Consequences of 

regulations of rivers and lakes (Norw). Sem. Bårdshaug , NLVF. 

Ryan l P.J. I Harleman, D., and Stolzenbach, K. D. (1974): Surface 

heat loss from cooling ponds. Water Resour. Res. pp 930-938. 

Saunders l P.M. (1964): Sea smoke and steam fog. Quart. J. R. 

Met. Soc. 90, 156-165. 

Skaar l E. (1986): Endringer av temperaturklimaet på Nerskogen i 

samband med Orkla/Grana-reguleringene. Changes in the tempera­

ture climate of Nerskogen due to regulation of Grana River 

(Eng. abstr.). Meteorol. Rep. Ser., Univ. Bergen, 6-1986. 



130 

Strandenes, S. (1984): Mjøsisens innvirkning på det lokale 

temperaturklima . The influenee of iee on Lake Mjøsa on ambient 

air temperature (Eng summary) . DNMI - KLIMA No 6, 3-13. 

Swinbank, W.C. (1963): Long-wave radiation from clear skies. 

Quart. J. Roy. Meteor. Soc. 89, 339-348. 

Tveit, J. (1982): Smelting av strandis - avvik frå anna is- og 

snøsmelting. Melting of iee on shores of drained reservoirs 

(Norw). Norw. Hydrol. Comm. Intern. Rep. nr. 10. 

Utaaker, K. (1976): Regulering av Tokke-Vinjevassdraget. Mulige 

klimaendringer i Grungedal mv. Regulation of the Vinje-Tokke 

Watereourse. Possible ehanges in the loeal elimate of Grung­

edal ete. (Norw.) Rep. Univ. Bergen, Geophysical Inst. 

(1978) : Østerdalsskjønnet. Mulige virkninger av reguleringene 

på lokalklimaet i Alvdal. Regulations in Østerdalen. Possible 

influenees on the loeal elimate in Alvdal (Norw.). Rep. Univ. 

Bergen, Geophysical Inst. 

(1979a): Skjønn Øvre Otra. Mulige virkninger på klimaforhol­

dene på strekningen Sarvsfossen-Nomeland. Regulations of the 

Otra Watereourse. possible influenees on the loeal elimate 

between Sarvsfossen and Nomeland (Norw.). Rep. Univ. Bergen, 

Geophysical Inst. 

(1979b) : Frostsmoke downstream of hydroelectric power plants o 

Univ. Munchen Met. Inst. Wissensch. Mitt. No 35: 206-210. 

(1979c): Lokal- og vekstklima l Sogn. Loeal elimates and 

growth elimates of Sogn (Eng. summary) . Forskning og forsøk 

i landbruket, Bd. 30: 113-204. 

(1980) : Østerdalsskjønnet, strekningene Høyegga-Skjefstadfoss 

og Rendalen kraftverk-Rena. Regulations in Østerdalen. 

possible influenees on loeal elimate in the valley between 



131 

Høyegga and Skjefstadfoss, and between Rendal Power Station 

and Rena (Norw.). Rep. Univ. Bergen, Geophysical Inst. 

(1982a) : Lokale endringer i lufttemperaturen som følge av en­

dringer l isforholdene ved reguleringer av elver og vann. 

Local changes in air tempera ture following regula tions of 

rivers and lakes (Norw.). Norw. Hydrol.Comm .. Intern. Rep. No 

10: 87-92. 

(1982b): Frostrøyk og rim nedstrøms avløpet fra kraftstasjo 

ner. Frostsmoke and hoarfrost downstream of outlets of power 

plants (Norw.). Ibid.: 153-158. 

(1983): Virkninger av reguleringen av Sundsbarmvatn på den 

lokale temperaturen. Effects of the regulation of Lake 

Sundsbarmvatn on ambient air temperature (Norw.). Meteorol. 

Rep. Ser. Univ. Bergen No 1 - 83. 

(1984) Mulige virkninger av Trollheimutbyggingen på lokalkli­

maet i Surnadal. possible effects of the Trollheim Regulation 

on the local climate of Surnadal (Norw.). Ibid. No 5 - 84. 

(1991) : Mikro- og lokalmeteorologi. Det atmosfæriske miljø på 

liten skala. Micro- and local meteorology. The small scale 

atmospheric environment (Norw.). Alma Mater Forlag, Bergen. 

(1992): Endringer i lokalklimaet langs Orklavassdraget som 

følge av reguleringene. FoU prosjekter i Orkla. Changes in 

local climate along the Orkla Watercourse. Research and 

assessment projects in Orkla (Norw.). NVE Publ. No 2 1992. 

Utaaker, K. og Jakhelln, A. (1965): Om lokalklima og isdannelser 

på dyrket mark og beite i Tydal og øvre Selbu. Sakkyndig 

utredning for overskjønn i forbindelse med regulering av 

Vessingsjø mv. On local climate and icing on cultivated land 

and pastures in Tydal and Selbu (Norw.). Expert rep. by legal 

claims following the regulation of Lake Vessingsjø etc. 



132 

Utaaker, K. og Aune, B. (1986): Vassdragsreguleringers virkning på 

naturmiljøet. Lokalklima. The influenee ofwatereourse regula­

tions on the natural environment. Loeal elimate (Norw.). Norw. 

Hydrol. Comm. Oslo: 20pp. 

Utaaker, K. og Skaar, E. (1986): Virkninger av Orkla/Grana-reguler­

ingene på lokalklimaet i Orkdalen. Effeets of regulations of 

the Orkla/Grana Watereourse on loeal elimate of Orkdal Valley 

(Eng. abstr.). Meteorol Rep. Ser., Univ. Bergen, 5-1986. 

- (1987a): Vektendringer av høy i en utløe ved Orkla i samband 

med Orkla/Grana-reguleringene. Changes in moisture eontent of 

hay stored in a barn elose to the River Orkla before and after 

regulation of the watereourse (Eng. abstr.). Ibid. No 2-1987. 

- (1987b): Frostrøyk og rim i uthus - vektendringer av høy i 

en utløe ved Orkla i samband med Orkla/Grana-reguleringene. 

Frostsmoke and hoarfrost inside outhouses. Changes in the 

weight of hay in a barn elose to the River Orkla before and 

after regulation of the watereourse (Norw.). VÆRET, No 1-1987. 

Vende rov , S. L. & Malik, L.K. (1964): An attempt to determine the 

influenee of large reservoirs on loeal elimate. Sovjet Geogra­

phy: Rev. and Transl. Vol. Il, 10. 



133 

6. APPENDIKS 

6.1. The difference method 

The difference method (Lowry, 1976) may be applied e.g. to study 

effects of artificial or natural changes in the landscape on local 

air temperature: 

The temperature , T , at a si te, S 

expressed by: 

at the time, t 

(lA) 

can be 

where C is the effect of macro-scale weather on the air tempera­

ture , L are local effects of the of the landscape , and E are 

effects due to changes in L. 

The method requires a reference station, R , that is not affected 

by changes in L , but is situated so close to S that macro-scale 

weather is nearly the same at the two sites. 

A cornparison between Sand R during aperiod, t 1 , before and a 

period, Q , after the changes in L yields: 

(2A) 

Here it is assumed that the effects of macro-scale weather at Rand 

S are nearly the same before and after the changes in L. It is also 

implied that at both sites the effects of the unchanged part of the 

local landscape are the same under similar weather conditions 

during different periods. 

Effects of differences ln general weather pattern during the 

periods before and after the changes in L took place may be elimin­

ated, or at least markedly reduced by grouping the data in classes 

e.g. according to cloud cover and wind, and/or temperature elasses. 
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ilT1 and ilT2 and their standard deviations are computed for all 

groups, and the statistical significance of Es is tested. An added 

requirement to the test is that the effect of changes in L is 

considered statistically significant only when the sum of the 

standard deviations of ilT1 and ilT2 are smaller than Es (Leith, 1973) . 

6.2. Tables and estimation of energy fluxes 

Table Al. Saturation water vapour pressure at air temperature Ta just 

above wa ter surface , * and above ice surface, * and a ev' an ei' cor-

responding content (absolute humidityJ, * and P*i. RHi is vapour p v 

relative humidity of saturated air above ice at temperature Ta· 

Ta °C -30 -25 -20 -15 -10 -5 O 5 10 15 

* hPa 0.51 0.81 1. 25 1. 91 2.86 4.21 6,11 8.72 12.27 17.04 ev 

* " 0.38 0.64 1. 03 1. 65 2.60 4.01 6.11 e· l 

* gm-3 0.45 0.70 1. 07 1. 60 2.36 3.41 4.85 6.81 9.40 12.83 P v 

* " 0.34 0.55 0.88 1. 39 2.14 3.25 4.85 Pi 

RH i % 75 79 82 85 91 95 100 

6.2.~. Energy exchange at a water surface 

The maln components in the energy exchange between the surface and 

the atmosphere are given by the equation: 

(K.Jt -Kt) + (L.Jt -Lt ) K* + L* Q* (3A) 

where 

K.Jt is short-wave, sol ar radiation to the surface (daytime) 
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Kt is reflected short-wave radiation 

K K~-Kt is net short-wave radiation to the surface 

L~ is long-wave radiation from the atmosphere (day and night) 

Lt is long-wave radiation from the surface (day and night) 

L* L~-Lt is net long-wave radiation 

Q* lS net radiation (net gain or loss by radiation) 

QG is transfer of sensible heat to/from the sub-surface layer 

QH is turbulent transfer of sensible heat to/from the atmosphere 

QE turbulent transfer of latent heat (evaporation/condensation) 

to/from the atmosphere 

Methods for estimating transfer of latent heat (evaporation) , 

sensible heat, and long-wave radiation are given below. 

Evaporation from a water surface is determined by the temperature 

difference between water and air, the humidity of the air, the winct 

speed, and the stability of the air above the water surface. In the 

empirical formula (after Ryan et al., 1974), that was applied to 

estimate the values given in Table A2 below, the stability is 

expressed by the term NF (Tv - Ta) 1/3 : 

E 

where 

L is latent heat of vaporization (2.5 Joule k~IX 106 ) 

u2 is wind speed 2 m above the surface (m S-I) 

~ is temperature of the water surface (CC) 

Ta is air temperature 2 m above the surface (CC) 

e~ is saturation vapour pressure at ~ (hPa) 

~ is actual vapour pressure 2 m above the surface (hPa) 

NE is an empirical constant [3.24 W m-2 (hPa) -1 (m S-I) -1] 

(adjusted to wind measured 2 m above the surface) 

NF is an empirical constant [2.7 W m-2 (hPa) -1 (C C) -113] 

The values obtained by means of (4A) multiplied by 86.400 (seconds 

per day) gives E in mm day-l. 
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As cold air moves over warmer water, the temperature and the actual 

vapour pressure of the air gradually increase, and accordingly the 

rate of evaporation decreases. Therefore , under these circumstances 

measurements at the up-wind edge a of wide waterbody applied in 

formula 4A will give too high evaporation values. 

Table A2. Diurnal evapora tion (mm) from a waterbody with surface 

temperature ~ = loe, calculated by formula ( 4A) for differen t 

air temperatures, Ta , and wind speeds, u2 , and for rela-

tive humidities, RH , 70 og 90% respecti vely. 

U2 m S-l O 2 4 6 
Ta °C 

RH % 70 90 70 90 70 90 70 90 

O 0.21 0.10 0.73 0.34 1. 24 0.58 1. 75 0.82 

- 5 0.56 0.43 1. 38 1. 04 2.18 1. 66 2.98 2.29 

-10 0.94 0.83 1. 96 1. 71 2.98 2.61 3.99 3.50 

-15 1. 23 1.14 2.40 2.21 3.56 3.30 4.73 4.39 

-20 1. 46 1. 40 2.74 2.64 4.01 3.84 5.29 5.05 

-25 1. 65 1. 60 2.99 2.90 4.32 4.20 5.66 5.50 

SeveraI formulas for estimating the transfer of sensible heat, QH, 

from a water surface to the air above have be en developed. If the 

transfer of latent heat, QE ' is known, QH can be estimated by means 

of the Bowen-ratio, ø , (Andreas et al., 1979): 

where c = p 

pressure, 

1010 J kg-l Kl is spesific heat of 

KH = 19.0 m2 S-l x 10-6 , and KE = 21.3 

(SA) 

air at constant 

ml S-l x 10-6 are 

molecular diffusion coeffisients of air for sensible and latent 

heat respectively at air temperature 1°C, L = 2.5 J kg-1 X 106 is 

latent heat of vaporization, and ~v is spesific humidity of satu­

rated air at temperature ~, and qa is actual spesific humidity of 

the air. In the Tables A2 og A3 a is referred to 2 m above the 

surface. 
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The evaporation values ln Table A2 above multiplied by ~ (Table 

A3), and by 29 W m-2 gives estimated QH values in W m_ 2 • 

Table A3. The Bowen ratio, (5A) , above water with surface tempera­

ture ~ = loe, at different air temperatures, ~ , and relative 

humidity, RH, lO Og 90% respectively. 

70 

90 

o 

0.25 

0.54 

-5 

0.94 

l. 23 

-10 

l. 37 

l. 57 

-15 

l. 73 

l. 87 

-20 

2.10 

2.19 

-25 

2.46 

2.53 

The emission of long-wave radiation from a water surface is: 

Lt (6A) 

where E is emissivity (for water 0.97-0.99), (J = 5.67 X 10-8 W m-2 K4 

(Stefan-Boltzman constant) , and ~ is the absolute temperature of 

the surface. If E = 0.97 and ~ = l °C = 274.2 K, the emission, Lt, 

is 320 W m_ 2 • The long-wave counter radiation, L.J.. from the 

atmosphere by clear skies can be estimated e.g. by means of an 

empirical formula developed by Swinbank (1963): 

(lA) 

where ~ lS the air temperature [K]. By clear skies Lt is always 

markedly greater than L.J.. i.e. L* = L.J..-Lt is negative, and the 

surface loses energy by long-wave radiation. Clouds increase the 

atmospheric counter radiation, and by overcast skies - especially 

with low clouds - the radiative loss is small. 
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