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FOREWORD 

In accordance with a request from the Government of Iceland 
concerning technical assistance, the Technical Assistance Administration 
(now the Bureau of Technical Assistance Operations) appointed Mr. Ernest 
HovmOIler, expert of the World Meteorological Organization, to advise on 
certain climatological matters in Iceland. 

The duration of Mr. HovmBller's assignment was from 15 September 
to 31 December 1957. 

His fical report to the Government follows. 
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I. INTRODt£TION 

In accordance with a request from the Government of Iceland Dr. Anders 

Angstrom was appointed by the Technical Assistance Administration as a WMO 

expert to advise on Climatology and Agricultural Meteorology. The duration of 

Dr. Angstrom's assignment was from )0 July to 9 September 1956. 

In his final report to the Government ot Iceland (8), Dr. Angstrom 

proposed further expert aid to be given to Iceland within the field of meteorology. 

Thus, he proposed that a climatological expert should be sent to Iceland for a 

period of about three months. 

Dr. Angstrom's proposal in this respect was approved by the WMO, and when 

a formal request had been made by the Government of Iceland, I was appointed to 

the aforemen tione d task. 

My terms of reference arose from Dr. Angstrom's statements regarding the 

requirements of increased activity within the field of climatology in Iceland. 

Dr. Angstrom stressed the need for more observations and a wider utilization of 

the material available for both meteorological and practical purposes. 

During my appointment, from 15 September to )1 Dec~nber 1957, I have 

endeavoured to work along the lines indicated above. According to my terms of 

reference, I have limited myself to problems related to the climatology of 

Iceland and the activity of the climatological section of the Meteorological 

Service of Iceland (Ve~rstofan). 

This implies that I have occupied myself with observations made at 

synoptic stations to the extent in which they are used, or could be used, 

for climatological purposes, whereas I have left aside the purely synoptic 

viewpoints. Questions regarding the instrumental equipment of climatological 
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stations have not been entirely disregarded, but as Dr. Angstrom's report 

contains a proposal that an expert on instruments and methods of observation 

should be sent to Iceland, all details regarding instrwnents and all final 

decisions in this respect were left to be taken up between Ve~urstofan and 

this expert. 

It seems right to point out at this place that my task was facilitated 

and my efforts supported in every possible way by the staff of Veturstofan. 

was told that not only advice but also criticism would be welcome, and I 

soon felt tlmt this was perfectly true. 

It may also be mentioned that the need for technical assista~ce to 'the 

meteorological service in Iceland is due to the lack of funds available in 

that country and to the resulting undermanning of certain sections. The 

scientific training and practical ability of all staff members with wham I 

had any regular contact were at a high level. This latter fact gives the best 

possible assurance that any financial means, domestic or foreign, which could 

be made available to further the study and the application of climatology in 

Iceland~ would be used judiciously, to the benefit of the economy of the country. 

Lectures 

On 28 October, I was invited by the Icelandic Society for Natural Science 

to give a lect'.lre on the development of cli11atology, in particular as regards its 

practical applications. 

At the request of the staff of ve~urstofan, I gave a series of lectures 

on statistical methods in climatology. 
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Travel 

During the winter half-year) communications in Iceland are nol; favourable 

for an extensive program of visits to meteorological stations, some of which 

are situated in rather inaccessible localitiesw My program of travel was there­

fore limited. However) the staff of ve5urstofan took pains to arrange some visits 

which from my point of view were both interesting and valuable. Thus) in 

September I visited s£mssta1Qr (of interest mainly because of its location in an 

agricultural district) and 'j5ingvellir,. and in October the aerological station tn 

Keflav{k. In December the Icelandic air transport company Fl6gf~lag islands 

kindly offered me a free return trip to Akureyri, which made it possible for 

me to visit the weather station in Akureyri and an experimental forest station, 

Vaglask~gur) where it is planned to establish a new climatological station. 
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II. HBC<JOO!3TDAfiONS AND SUGGKSTI~S 

For easy reference, the reco~nandations and suggestions contained in 

the present report are repeated below, with the exclusion of a few suggestions 

of purely technical nature. 

1. It is recom.m.ended that the standard normal temperatures used for 

Icelandic stations be revised (page ,). 

2.	 ~ recillMlend a reviseu procedure for the computation of current monthly 

mean	 temperatures (page 9). 

I recom.'11end that observations should be made at 20 h Icelandic tune at3·
 

all stati~ns where this is posssible (page 9).
 

4.. The daily maximmn and minimmn temperatures used for climatological
 

purposes should be 24-hour extremes (page 9). I recommend that when the mean
 

naximmn and mil1immn tem.peratures are computed for the standard period 1931-1960,
 

they Sh01Ud be based, in principle, on the revised definition.
 

5. I recamnend that the observ'itions :made at a nmnber of Icelsndic 

stations be included in the annual supplement of 've~ttan'" (page 10). 

6. I recanmend th.'4.t the pUblication in extenso of observations lfJade at 

a small number (four to six) of the stations in Iceland, which was discontinued 

in 1924, be resmned when the data for 1961 are available (pages 10 and 15). 

It is recommended to arrange for special meteorological obBervutions7"
 

to be made at forestry experimental stations (page 15).
 

8~ Contact should be maintained be'tween Veturstofan and the Icelandic
 

authorities illld scientists in the fields of agriculture and forestrf, with a
 

view to ensuring a closer collaboration regarding tl~ utilization of climatol~ 

eiC:ll data	 (page 15). 
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90 I recommend that as detailed meteorological observations as possible 

should be made on trawlers and other ships fishing in the sea around Iceland 

(pap IS). 

10. I endorse Dro Angstroml's recommendation that at least one room be 

added to the space available for the Section for Climatology (page 11). 

11. I endorse Dr. AngstrOm~s recommendation to solve the housing problem 

of Ve urstofan by reserving a special building for this purposeo Such a solution 

would greatly facilitate the contact between the Weatner Section and the Section 

for Climatology, t~ the mutual benefit of these sections (pace 17). 

12 0 Regarding Dr. Angstroml's proposal to extend the network of meteorolo­

gical stations in Iceland, I consider that the implementation in full of this 

proposal should be given high priority (page 18). Special attention should be 

given to the possibility of obtaining observations from uninhabited areas 

(pages 18 and 9.3). 

13. I endorse Dr. Angstrom#s proposal regarding an increase of the staff 

of the ClLmatological Section. Several of the recommendations contained in this 

list can not be fully implemented as long as the staff is quantitatively 

insufficient (page 18). 

14. I endorse Dr. Angstrem#s recafu~endation that scholarships should be 

sought for professional training under the Expanded Programme of tl~ United 

Nations Technical Assistance, and recommend in particular that an Icel8ndic 

climatologist be given an opportunity to study climatologYJ including 

climatological statisticsJ in two or more foreign countries (pace 18). 

-5­



150 Further statistical studies of wind conditions in Ioeland are 

suggested. Special attention should be given to questions of practical 

importance, as specified on page 63. 

lb. I suggest a thorough analysis of representative humidity data 

obtained fram observations in Iceland (page 90). 

17. It is suggested that the study of monthly mean values of precipitation 

in Iceland be continued, taking into account all available data (page 103). 

18. I suggest further studies of daily amounts of precipitation along 

the lines described in Annex IX. 

I 
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III. CLIMATOLOGICAL OB~RVATIONS IN ICELAND 

A.	 HI~O~ 

The first comprehensive weather observations in Iceland were made more 

than 100 years ago in Stykkish6lmur, on private initiative but in a way which 

has made it possible to use this material together with observations carried 

out later at official stations. The first network of climatological stations in 

Iceland was established in 1874 by the Danish Meteorological Institute. 

Naturally, the number of stations was a.t first very small, but the 

observations made at these stations were fairly complete, and the results were 

published in meteorological year-books in much the same way as is still used in 

most countries. The number of stations increased considerably during the 

following years, but the observations made.at same of these stations were in 

some cases rather incomplete. The publication of the material was continued 

in nearly the same way illltil 1923, but from then on only monthly valuesJ 

including same frequencies, have been pUblished. This reductionJ which was 

considered necessary for economical reasons, is regrettable from several points 

of view. 

The network of stations) howeverJ has improved rather continuously: in 

particular the number of stations making weather observations is now much larger 

than 20 years ago. As for the number of stations at present, reference is made 

to the report of Dr. Angstrom (8). 

However, as pointed out by Dr. Angstrom, the network of climatological 

stations in Iceland is still insufficient for many purposes. It has not been 

possible, for instance, to construct reasonably reliable climatological maps 
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of the whole country, nor to answer several questions of practical signifiaance, 

in particular problems of interest to agriaulturists and civil engineers. Dr. 

Angstrom's proposals regarding an improvement of the network, and the possibili­

ties of publishing a larger part of the observations as well as more complete 

statistical tables, are discussed in a later section of the present report. 

B. ROurINE USE MADE OF CLIMATOLOGICAL OBSERVATIONS IN ICELAND 

The monthly publication called 'Vedrattan' (ll) differs somewhat, though not 

very much, from similar pUblications in most countries~ It contains a swnmary 

stating the weather experienced during the month, the departures from normal 

conditions, and an account of damage caused by severe weather. The main part of 

the pUblication, however, is a table, giving (for all existing stations) monthly 
1 
J 

mean values and extremes of temperature, precipitation data for the month, wind 'j 

" 

frequencies, the frequencies of cloudy and clear days, data regarding snow cover, 

etc. Smaller tables contain infornation regarding sunshine and the diurnal 

variation of temperature. The preparation of the observation material for this 

publication is accomplished to a large extent by means of data-processing 

machines. The observations from all synoptic stations are transferred to punch-

cards; all summati-ons, the .frequency tables for the wind, and in fact most of 

the numerical values used for or given in ~Ve~r~ttan' are produced by means of 

these punch-cards. Iceland was one of the first countries in Europe to ir.troduce 

this technique and is still using it, by proporticn, mOT'e extensively than most 

other countries. The initiative taken by the Director of Ve~urstofan, Mrs. 

Gutmundsson, in 1950 to introduce punch-cards for cllinatological purposes, has 
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proved very profitable, and it any change should be propos ed regarding the 

use of punch-cards in Iceland, it; should be an extension rather than a reduction.. 

An annual supplement to I'Vea-r~ttan' oontains iL.forn:ation silililar to tbat 

given in the monthly publicatioDS, but in this case regarding the year as a whole. 

Besides it contains some additional information regarding e.go radiation, 

atmospheric ozone, stations and instruments. 

The contents of~e~r~ttanl' were discussed at some length during my stay. 

In my opinion most of the information which is given in the tables or the text 

witbout belonging to the normal contents of publications of this kind, is valuable 

for purposes more or less specific to Icelandic oonditions and therefore should 

be given in future also. However, I made same proposals regarding the definition 

and computation of the temperature data given in the tables. As described in 

Annex I, the way in which monthly mean temperatures are computed, is diff€rent 

for different stations and in sonte cases not quite satisfactory. As a result of 

my illvestigation regarding this problem I recommend: 

,a)	 that the normal temperatures computed for Icelandic stations for the
 

period 1901 - 19}0 should be revised in order to give more correct
 

values of the actual 24-hour monthly mean temperatures;
 

(b)	 that the current computation of monthly mean values should be revised,
 

as stated in the last section of Annex I;
 

(c)	 that an observation should be made at 20 h at all stations where this
 

is possible.
 

A revised definition is proposed regarding the monthly means of daily 

minimum temperature, as discussed in Annex II. 
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I further propose that the present monthly table showing the monthly 

amount of sunshine at different hours of the day at stations for which such 

information is available, should be replaced by a table showing the number of 

hours of sunshine day by day at the same stations. Regarding the table showing 

the monthly mean temperature at different hours of the day at a few stations, 

I propose an increase of the number of stations, but a reduction of the number 

of hours from 12 to 8. 

As for the contents of the yearly supplement, I pointed out that this 

supplement gives a good opportunity of pUblishing summaries of the type 

regularly pUblished in meteorological year-books by most countries. It seems 

advisable to publish tables of this kind for a number of stations in Iceland, 

although there may be good reasons for modifying the contents of the tables with 

regard to local requirements. Tables of this kind should include same information 

regarding temperature frequencies. 

It is further recommended that the observations from four to six Icelandic t 
1 

stations, including one or two stations in the interior, be pUblished annually in 

extenso. 

Tables of this kind are pUblished in the meteorological year-books of 

most European countries, including all countries in Scandinavi~ They are of 

lasting value both for scientific and for practical purposes. It is suggested 

that the pUblication of these tables should begin when the observations for 1961 

are available o It is possible to prepare extenso tables m~chanically from punch-

cards of the type already in use in Iceland; this method is advantageous from an 

economical point of view. 
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It may be mentioned that similar ~ables, containing observational data 

for selected Icelandic stations, were pUblished regularly from 1874 to 1923 

(4, 9). 

C. PROBLEMS CCNCEltHNG 'NOltiAL VALUES', FREQUENCY S"l'ATISTICS, ETC. 

Same preliminary climatological mean values for Icelandic stations were
 

published as much as 60 years ago (5). Most of these values were based on 10-20
 

years of observation only.
 

When the International Meteorological Organization had recommended that 

the first three decades of the present century should be regarded as a standard 

period for which climatological 'normals'should be computed, as far as possible, 

in all countries, the computation of mean values for this period was taken up 

also in Iceland. Normal values of air pressure, temperature and precipitation for 

the standard period were pUblished in various annual suppl~~ents to ~eUrattan' 

during the 1940'es. However, in several cases the computation bad to be based 

on insufficient data, many stations having only short series of observation. 

Same problems associated with the application of this set of normals or with 

the preparation of a new set of normals for the following standard period, 1931­

1960, are discussed in Annexes VI and VIII. 

A few statistical tables published in 'Ve~rattan'contain climatological 

information based on observations made after 1930. However, due to lack of personnel, 

very little statistical evaluation of Icelandic meteorological data has been 

possible. I soon found it desirable to carry out as much work of this kind as 

possible during my stay, and to make up plans for further statistical tables, 

graphs and maps to be constructed as soon as circumstances may permit. 
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The more important and extensive projects completed or initiated during 

my appointment are described in some of the Annexes. Thus, Annex III deals with 

a study of the frequency distribution of departures of daily mean temperatures 

in Reykjav{k fram the corresponding 'normal' values; Annex IV takes up problems 

regarding wind statistics; Annex V discusses the 1ecular trends' appearing in 

monthly temperature and precipitation data from the present century; and Annex 

IX gives some preliminary results of frequency studies regarding amounts of 

daily precipitation. Finally, Annex VII gives the outline of a study regarding 

humidity conditions in Iceland which was initiated a short time before I left 

Reykjav{k. 

The Annexes just mentioned contain same remarks concerning the relative 

importance of the many problems of Icelandic climatology which it bas not yet been 

possible to treat as exhaustively as might be wished from a scientific or practical 

point of view. 

In this connexion it should be mentioned tlJat the plans regarding the 

preparation of a World Climatological Atlas have rendered increased actuality 

to the need for a complete evaluation and discussion of the Icelandic climatolo­

gical material, primarily by statistical methods but with much emphasis laid on 

geographical viewpoints. Broadly speaking, the available material does not at 

present permit a satisfactory mapping of climatological mean values, extremes or 

frequencies in Iceland. The most obvious requirement in order to make such a 

mapping possible is an increased amount of information, but it is not likely 

that there will be time to wait e.g. for the establishment of new stations, as 

far as the first edition of the planned Atlas is concerned. The only possibilities 

then seem to be to make as extensive and audacious use of the present material 

as is possible and scientifically sound - trusting that modern statistics has made 
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it possible to derive important results even from a material with serious 

deficiencies - and to use theoretical considerations in an effort to obtain a 

fair idea of the climatic conditions over areas where no observations are avail­

able. It is much to be hoped, however, that the most urgent requirements of the 

climatological service of Iceland. as described in Dr. AngstrOm's report (8) and 

discussed in a following section of the present report. may be fulfilled as soon 

as possible. A complete realisation of the proposals made by Dr. Angstrom before 

the beginning of the next standard period, i.e. before 1 January 1961. would give 

good reasons to hope for a new era of Icelandic climatologye 

D. FROBWiS ASOOCIATED WIT.H '!liE USE OF CLIMATOLOGICAL DATA FOR PRACTICAL PURPOSES 

Perhaps the most characteristic feature of the development in climatology 

in recent years is the rapidly increasing use that is made of the observations for 

practical purposes. This development has led to a general and diversified applica­

tion of statistical methods. and in some cases it has exerted influence backwards 

even to the program of observations, as for i~tance regarding agricultural 

meteorolosy. 

It could not be expected that this develop1lent should have been equally 

explosive in I0eland as in more densely populated countries with a more complex 

economical structure. It may be said that in Iceland t:~ development has only 

just started. But certainly the practical implications of climate are here of 

sufficient importance to warrant, in years to carr.e, an increasing public under­

st~~ding of the problems of applied climatology, and it may be hoped, in spite 

of the deficiencies of the available material, that Icelandic climatology will 

soon be able to expand by proving its practical value in a variety of different 

f~l~. 
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The attitude of climatologists towards the increased tmportance, absolutely 

and relatively, of applied climatology differs, naturally enough. It is, no doubt, 

in each individual case influenced by' personal inclination as well as by a personal 

belief in, or disbelief in, the possibilities of climatology to meet the many and 

widely different new requirements. There will often be a feeling that the capacity 

of a climatological section is insufficient to do all the work that is asked for, 

and an understanding that the expansion of a climatological section is not always 

a purely economical problem. In Reykjavik, for instance, the personnel of Veturstofan 

is barely sufficient for the most necessary tasks, and there is little hope that 

the number of meteorologists will increase considerably during the next few years. 

Therefore it is entirely justified if the staff of Veb"urstofan finds it premature 

to start a broad action for a widespread use of specialized climatological 

infoTInation. It is to be hoped that the claims of public and private enterprise 

regarding such specialized information, and the practical possibilities of 

Ve~urstofan to meet these demands, will increase in about the same proportion 

during the next few years. 

As follows from these general remarks, I saw it as my primary task 

regarding applied climatology in Iceland to orientate myself as to the need of 

cli~atological information for special purposes, the general understanding of 

this need, and the possibilities of Ve5urstofan to give the right information 

to the right persons. This led to a practical program in continuation of the 

initiative taken by Dr. Angstrom .and con8isting of a series of meetings at which 

these problems were discussed with the authorities within respective fields. A 

li8t of these meetings follows: 
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1. The need of climatological information on the part of the 

University Institute dealing with the problems of fishery was discussed at 

a meeting on 16 October. The usefulness of extenso tables of meteorological 

observations (see page 9 para. (a)) was particularly stressed on this occasion. 

2~ The importanoe of climatology in connexion with the generation 

and transfer of eleotricity was discussed on 4 November at a meeting at 

'Raforkum!laskrifstofan' (The State Electricity Board). Here the main problems 

seemed to be related to the resources of water-power as dependent upon precipi­

tation, and the interruptions caused in transfer of electricity by severe icing 

in connexion with gales. 

3. The problems of reforestation and the need for climatological 

information for this purpose were discussed at a conference on 29 November. 

Preliminary plans were made up regarding special meteorologica~ observations at 

the forestry experimental stations. 

4. The problems of Icelandio agriculture as related to climate and 

climatology were discussed at a meeting on 5 December. It was agreed that 

conorete proposals should be worked out in order to ensure a oloser oollaboration 

between Veffurstofan and the authorities of agriculture and forestry as well as 

researoh organizations within these fields. The plans for further action along 

these lines were discussed shortly afterwards at another meeting where represen­

tatives for the organizations and institutions of the type mentioned above were 

present. 

5. The collaboration between Ve3urstofan and representatives for fishery 

was discussed at a meeting on 23 December. It was agreed that more detailed 
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meteorological information should be obtained e.g. fram trawlers fishing in 

the sea around Iceland, with a view to utilizing this information statistically 

when the amount appears to be sufficient for doing so. 

6. At a conference with a civil engineer of Reykjavik community 

(27 December), the practical need for more detailed climatological information 

regarding local conditions in Reykjavfk was discussed. Among the items mentioned 

on this occasion were precipitation data for the drainage system, and data 

regarding temperature fluctuations during the winter half-year for planning the 

removal of snow fram the streets to be made in an economical way. 
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IV.	 CCMMENTS ON DR. ANGSTRCM IS PROFUSAL5 REGARDING THE CLIMATOLOGICAL ACTIVITY 
OF 'VEDURSTOFAN I 

In his report on meteoro.Logical requirements of Iceland (8), Dr. Angstrom 

offers a number of .proposals, several of which have regard to the Climatological 

Section of the Icelandic meteorological service. During my }t months'stay in 

Iceland I had ample opportunity to consider the situation which forms the back­

ground of Dr. Angstrom's proposals. I therefore wish to express my parsonal view 

regarding each individual point as far as the climatological activity of 

Ve}urstofan is concerned. 

Dr. AngstrOm points to the necessity of an immediate extensio~ of the 

space which is at present at Vea-urstofan's disposal. In a letter to the Govern­

ment t Mrs. Gu~mundsson has proposed that when ~lis extension, now planned in 

detail, can take place, one rocm should be added to the present space of the 

Section for Climatology. This must be regarded as a minimum requirement t 

necessary in order to enable full use to be made of the working capacity of the 

personnel which now serves on that section. As Dr. Angstrom points out, it is 

very desirable that a more permanent solution of the space problem be obtained, 

and this seems possible only if a special building is reserved for Ve~rstofant 

including the weather service now at Reykjavik airport. I would like to stress 

that this solution is highly desirable as far as the Section for Climatology is 

-17­



i

concerned. Both this Section aTld the Weather Section would profit considerably 

from the possibility of a closer contact. Besides, it must be expected, as 

pointed out in the present report, that the development of applied cllinatology 

during the next few years will necessitate an extension of the Section for 

Climatology beyond that which is absolutely nececsary at the present moment. 

In my opinion, Dr. Angstrom's proposals regarding a minor extension of 

the network of meteorological stations touched upon a matter of special urgency. .~ 
It should be noted with satisfaction that a part of the extension has taken place, 

and one mignt wish to regard this as an indication that all details of the

I proposal in question will be implemented within a short time. 

I 
Dr. Angstrom also recoHlroonds toot a special station should be established 

in the uninhabited interior of Iceland. The desirability, not to say the 

necessity, of such a station for the purposes of pure and applied climatology 

is obvious. However, the possibility of establishing an unmanned, automatic 

station in central Iceland ought to be investigated, and it is assumed that the 

whole problem will be taken under thorough consideration by the expert on 

meteorological instrurrlents who is expected to go to Iceland during 1958 0 

Dr. AngstrOm's proposalD regarding an extension of the staff of the 

Climatological Section shoulu, as he points out, be regarded as a minimum 

requiremen to An increase beyond that proposed by Dr. Angstrom may becCllle 

indispensable within a few year~ mainly through the development of applied 

climatology in Iceland. 

The last proposal made by Dr. AngstrOm is a recommendation that scholar­

ships Should be sought for professional training under the Expanded Programme of 

the United Nations Technical Assistance. It should be mentioned in this connexion 
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that it would be of great Talue if an Icelandio climatologist could thus get 

an opportunity to study the recent development of olimatology in two or more 

foreign countries, and perhaps attend at the same time a suitable University 

course in statistios. 
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ANNEX I
 

METHODS FOR CALCULATING MONIHLY MEAN T.HMPERATUHES
 

Me~h.9,d~.!!S~d_f.!:O.!!!, 1.814-UB.t i l_n..Q.w_
 

Many different formulae have been used in Iceland for ccmputing monthly 

mean temperatures. A main reason for this is that the hours of observation have 

varied considerably, both with time and between stations. 

The two first fonnulae to be used were: 

(A) t = 1. (2t + 2t + 5t m
9 S 14 21 ) 

(B) t = 1. ( t + t + 2t )m 7 14 21 
4 

In the Danish Meteorological Yearbook (4) for lS74 it is stated that ~according 

to the results obtained by the Second Gennan Polar Expedition on Sabine Island 

(Eastern Greenland) trese fonnulae lead to a fairly correct 24-hours mean value 

of the temperature". 

In the Yearbook (4) for lS84 a correction of -0.1 to -0.2 is introduced, 

to be applied to both of th ese formulae -as far as the months May through August 

are concerned. This correction, which was said to be based on 12 years of obser­

vations at Stykkish6lmur, was in use until 1919. 

According to Yearbook (4) for 1913, formula (B)was then no longer in use, 

but besides (A) the following fonnula had been introduced: 

(0) t = 1. (t + t + 5t ),m s 14 20
7 

with a correction during the summer months as for (A)o 
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When Iceland became an independent state, the pUblication of Icelandic 

meteorological observations was transferred fram the Danish Meteorological 

Institute to a national authority later called .Ve~urstofan". The publications 

for 1920 - 1923 (9) contain a number of different formulae, viz. 

(A) as above 

(D) t = 1 (4t6 + 2t + 3t 
m - 13 16 ) 

9 

(E) t = 1 (st + t )
m - a 16

6 

:: 1 (2t t t )":0(F) t + + t + ) i- -' m - 6 a 13 16 
5 

) ::;" ~ ':~,(G) t =1 (5t + ! I ,_ rm
6 

e t 16 ) 
) 

1:-17 

The formulae D-G are said to be used at synoptic stations. At stations which were 

both synoptic and climatological, oCl,;lisionally two different formulae were used 

and both results published. The use of a correction was abandoned with the 

beginning of 1920, although this is not specifically mentioned in any of the 

publicati ons. 

The basic sOUJ'ce of infonnation regarding climatio data for Iceland fran 

1924 is 've~r~ttan'(ll), a monthly publication with an annual supplement. The 

supplements contain a varying amount of information regarding stations, observation 

hours, instruments, etc., but little or nothing is said about the computation of 

monthly mean values until 1951, wheln a rather comprehensive list is given stating 

the manner in which mean values are computed for each individual station. The 

following table shows the methods used for the canputation of monthly mean tem­

peratures for 1955: 
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Table 1.1.	 Methods for calculating the monthly mean temperatures 

at Icelandic stations. 

Methop. •	 Number of stations 

By	 means of thennograms(adequately checked through
 

parallel readings of ordinary thermometers)
 4 

By	 taking the simple mean value of the temperatures 

measured at S synoptic hours 10 

By	 using monthly means of 5-7 synoptic hours, supple­

mented by (graphically interpolated) approximate 

mean values for remaining synoptic hours 9 

By means of	 a reduction method (see below) 9 

By	 fonnula (A) 12 

By fonnula(~ t = 1 (5t -to t -to t + 3t 2 
m 10 s 14 17 21 ) 

By fonnula	 (I) t = 1 (st + t 3t 1s ll + t 17 + 21 ) 
m 10 

By formula (K) t = 1 (st + t ) Sm	 - s 17
6 

By formula (t) t =1 (4t + 2t + 2tll + 2t ) 1
6 s 17m 10 

By formula (M) t => 1 (3t + t + 2t21 ) 1 m	 - s 176 

The so-called reduction method impli.es in this case that the difference 

between the monthly mean temperat~res at two adjacent stations (of which one is 

used as a reference station) is taken to be equal to the mean value of the 

corresponding differences at tbose hours (usually during day-time only) at which 

obser~ations are made at both stations. 

-23­



The rich variety of methods indicates, of course, that the problem is 

a difficult one from a practical point of view. The effort which has been taken 

to obtain, for each individual station, a value as correct as possible, has led 

to the result that values for different stations, and to sane e;x:tent values for 

different years at an individual station, are not strictly cOlllparable. Although 

there are other, equally important reasons which make cOIllparisons in space and 

time somewhat uncertain - as e.g. differences and changes in the exposure of the 

the:zmometers - it was felt that the problem was suffic iently important to warrant 

a fairly cOl1l.prehensive study. The plan of this study was 

(a) to ascertain the characteristic features of the diurnal temperature 

variation at selected stations; 

(b) to investigate tte systematic and non-systematic errors involved in 

the more important methods of computation used at present; 

(c) to propose, if possible, such a change in the present technique that 

the number of different methods could be reduced to a minimtml, and such measures 

that systematic differences due to the use of different methods could be avoided• 

.Qi.£r,!!ad:. 'y'a.!:i~tjo.!! ..Q.f_t~~.!:a~1..I:!:..e_a~ .Q:i!f~r~n~ ,2.t!!,tjolls_a,!!d_ 

ii!f~r~n~ ~i!!!.e~ ..Q.f_t.he~a.!: 

Nine stations were selected for the investigation of the diurnal variation 

of temperature. At two of these., Reykjavfk and Akureyri, temperatuxe values read 

frcm a the:zmogram at two-hourly intervals were available in the fom of m.onthly 

means. At the other stations, corresponding monthly means had been computed for 

eight synoptic hours (three-hourly intervals). Some of the stations (esl~cially 
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Dalatangi and Vestmannaeyjar) represent extremely maritime conditions, the 

diurnal amplitude treing very small, while two stations (Akureyri and Kirkjubaejar­

klaustur) are more continental t!~n the majority of stations in Iceland. 

The investigation was limited to the most recent five-year period 

available (1950 - 1954). Table 1.2 gives the result for Reykjav!k in a condensed 

form (odd months being omitted): 

Table I~2. Difference between mean temperature at a given time of the 

day and 24-hour mean temperatureo Reykjav!k, average for 

five years (1950 - 1954)~ 

Greenwich time } 5 7 9 11 I} 15 17 19 21 2} 1 

Icelandi c time 2 4 6 8 10 12 14 16 18 20 22 24 

February -0·3 -0.4 -0.2 -0.1 0.0 0.4 0.9 0.7 0.1 -0.1 -0.2 -0~4 

April -1.2 -1.4 -1.4 -0.6 003 1.2 106 104 1.0 002 -005 -1.0 

June -2.0 -2.1 -1.3 -0.2 0.6 102 1.6 1.6 1.2 0.7 -0.2 -l~l 

August -106 -109 -:t...6 -005 0.4 1.5 1.8 1..7 I.} 005 -004 -102 

October -0.5 -0.5 -0.5 -0.5 0.1 0~9 101 0.9 O.} -O.} -0.5 -0.6 

December ...p.2 -9~1 -0.1 0.0 0.1 0.2 002 0.1 0.0 0.1 -0.0 -0.2 

The geographical variation of the diurnal range of temperature is 

exemplified by table 103, giving the mean values of the differences (as in table 

1.2) for the period May to September. 
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Table I.~.	 Difference between mean temperature at a given 'time of the 

day and 24-hour mean temperature. Average values for the 

m04ths May to September (incl.), 1950 - 1954. 

Greenwich	 time 6 12 15 18 21 243 9 

Icelandic time 2 5 8 11 14 17 20 23 

Reykjavfk -1.6 -1.7 -0.5 0.9 1.7 1.4 0.5 -0.8 ? 

Stykkish6lmur -1.4 -1.3 -0..4 0.7 1.5 1.4 0.4 -0.8 
~ 

-'\
, 

~ 

Bolungarvfk/Galtarviti -1·3 -1.2 -0·3 0.7 1.2 1.1 0.4 -0.7 r; ; 

Akureyr1 -1.7 -1.. 6 -0.4 1.2 1.9 1.5 0.4 -0.9 
.' 

<' 

Raufarhofn -1.1 -0.9 0.1 0.9 1.0 00 8 0.0 -0.7 

Dalatangi -0 .. 6 -0.6 -0.0 0.6 0.. 7 0.4 -0.1 -0.3 
!/

H61ar f Hornafirti -1.7 -1·3 0.1 1·3 1.6 1.1 0.1 -1.2 
f/ 

Kirkjubaejarklaustur -1.9 -1.7 -0.2 1.6 2.1 l.~ -0.1 -1·3 

Ve stmannaey jar -0.9 -1.0 -0.5 0.4 1.0 0.9 0.4 -0.3 

.Qi.§.cJ!S~i.2.n_o!.~}l~ 'y'a.!.i.2.~ ~e~hQ.d~ !!.s~d_il!. Ic~l!!.n£ !.O!. .Q..omP.Qt.!,n.6, 

E!,o.2.thlZ ~e.§p._t.§ll,Ee£.alur.e.§. 

It may be taken as an axiom that the mean temperature of a day or a month 

is that which could be computed from a perfect thermogram. Thus, the monthly 

mean temperature should not be defined, for instance, as the average between 

monthly mean values of daily extreme temperatures. At stations for which no 

thermogram is available, other methods must be used. The relative merits of 

the various formulae can be judged by applying them in cases where the correct 

answer is knm~ (i.e., for stations where a thermogram is available). 
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It is fairly obvious that the average of eight equidistant temperature 

observations per day will give a very close approximation to the real mean 

temperature according to the axiomatio definition. This assumption is fully 

confirmed by the values for Reykjav!k and Akureyri in Table 1.3, and oy the 

corresponding values for individual months. Hence, mean temperatures obtained 

from eight equidistant temperature observations per day may be used for checking 

purposes, if no thermogram is available. 

The thermogram method has been used for those Icelandic stations which 

are equipped with a thermograph; the number of such stations at present amounts 

to four. The registrations are usually reasonably good, and extreme care is taken 

to secure that the necessary corrections based on parallel readings of a thermo­

meter are determined properly. There can be no dOUbt that the monthly mean values 

obtained by this rather laborious method are adequate for any practical purpose. 

The method of using eight eqUidistant temperature observations per day is 

also perfectly satisfactory. The result may be off by a few tenths of a degree for 

an individual day but will certainly agree very closely with the true mean as far 

as monthly mean values are concerned. It might even be permissible to use obser­

vations at 6-hourly intervals when observations at intermediate hours are not 

available .. However, at a great majority of the stations in Iceland there is a 

nocturnal interval of nine hours during which no temperature readings are made. 

in this case, the method of using graphical interpolation to obtain missing 

synoptic-hour mean temperatures is a possible) but presumably not a very good 

solution. 

The "reduction method" described on page 19 does not seem to be a really 

sound method, as the underlying assumption, namely that the temperatura differences 
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between adjacent stations are approximately the same during the night as during 

the day, is false. This method should not be used except in cases where a special 

investigation has been made to ascertain the magnitude of the systematio error 

thus introduced. 

Sarne of the formulae (A~ to (M) appear to be more reasonable than others, 

but only an actual test oan prove the merits of eaoh individual expression. Suoh 

a test was performed regarding five of the fonnulae, including those three which 

are at present, or were until recently, ~sed at a substantial number of stations, 

namely (A), (H), and (K). The test consisted of using the formulae in question 

to compute monthly mean temperatures for nine stations where the result was known 

either in the fom of a monthly mean temperature computed fran thennograms or as 

an average of temperatures observed at 3-hourly intervals .. The test period was 

1950 - 1954. 

Table 1.4.	 Provisional corrections to be applied to a monthly mean 

temperature computed by means of formula (A) t page 17. 

The corrections given in the table are unsmoothed values 

based on observations during five years (1950 - 1954). 

l 



Table 1.4 shows the result regarding formula (A) for these nine stations. 

The essential finding is quite clear: the formula which has been used to compute 

most of the monthly mean temperatures. for Icelandic st~tions since 1947. gives 

results which are systematically too high during the period May to August. The 

corrections based on 12 years of observation at Stykkish6lmur (see page 17) are, 

as might be expected, fairly satisfactory as far as the more maritime stations 

are concerned, but definitely too small in the case of more continental stations. 

The result concerning the other fonnulae tested was somewhat sLililar. 

Some of these formulae worked better than (A) during the summer but not as well 

during spring and autumn. On the whole, it may be said that none of the fOImulae 

was much better, and none much worse, than (A). During the winter all formulae 

proved to be excellent - naturally enough since at that time of the year the 

amplitude of the periodic diurnal variation of temperature is almost negligible. 

Table 1.5 shows, for Reykjavfk, the result of the test regarding formulae (A), (H), 

and (K). 

Table 1.5.	 Results of check regarding formulae (A), (H), and (K). 

Reykjavfk, 1950 - 1954. 

:r F M A M J J A S 0 N D
 

Formula (A) +0.0 -0.1 +0.0 -0.1 -0.) -0.4 -0.) -0.3 -0.1 +0.1 -0.0 -0.0
 

Formula (H) +0.1 -0.0 +0.2 +0.0 -0.2 -0.) -0.1 -0.1 +0.2 +Q.2 +0.0 -0.0
 

Formula (K) +0.1 +0.0 +0.5 +0·3 0.0 -0.1 +0.1 +0.2 +0.5 +0.3 +0.0 -0.0
 

The result quoted above should be checked by means of data from another 

5-year period; if the check confirms the preliminary result, the Icelandic noma! /
t(.~mperatures for the standard period ought to be adjusted. To do this adjustment 
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in a strictly correct manner implies, of course, full knowledge regarding the 

methods used for each station and each year, including knowledge regarding the 

corrections during a part of the s-candard period in quenUon. It also impHes 

estimating the value of the actual correction at stations where no comparison 

with a 'better'mean value is possible; in fact, this is the situation in the 

great majority of cases. It seems probable, however, that by using the results 

of the test obtained for stations not too far away, and taking into account thBt 

the correction is, roughly, proportional to the periodic diurnal variation, one 

may without too much effort arrive at fairly reliable values of the correction in 

each individual case. 

The unsystematic ('random1 errors which are introduced for an individual 

month by using one of the fow_ulae discussed above are, generally speaking, small 

if the formula implies giving equal weight to mean temperatures for a fairly large 

number of times during the day (e.go, for the eight synoptic hours), but they may 

be rather large if one or two individual hourly means are given particularly large 

weight, as in formula. (A) 0 However, as far as monthly mean temperatures are 

concerned (as distinct from daily mean temperatures), the systematic errors 

constitute a more serious problem than the random errors. 

Inye.§.ti€@.t1.0.!ls_r~~r£i.lliLa1:.t~rr.la.1i'ye_m~tho.£s_ 

After some preliminary tests, the possibility of using one of the following 

formulae for computing monthly mean temperatures was tried: 

(N) t os "2
1 (t + t ) + k

In a 20 l 

and (0) t = L (t + t + km 2 x n 2 
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where t and t are the monthly means of daily maximum and daily mini1llum tempera­x n 

ture, respectively, and k and k are corrections, to be determined once and for
l 2 

all for each station and month. The result was that formula (N) proved to be fairly 

satisfactory, while (0) was much inferior. This is probably caused! to sane extent, 

by the peculiarities of the definitions of daily temperature extremes used in 

Iceland, see .Annex II. Besides, in particular the minirrn.nn temperature is more often 

influenced by instrumental errors than the temperature readings made at fixed hours, 

which also speaks in favour of fonnula (N). An obvious objection against formulae 

of the type to which (N) belongs is, that if the temperature mean value during an 

individual month is the same for each hour of the day, the correction should be 

zero. However, this objection is not serious from a practical point of view. The 

periodic variation of temperature during the day is often nearly zero during 

November, December and January, but at that time of the day k too, is practically
l

, 

zero. During all other months of the year the periodic daily variation of the 

temperature will always be larger th'1n k •
l 

As formula (N) seemed promising, much effort was taken to compute k and
l 

then test the formula numerically. The material used for this computation consisted 

of monthly mean values for ten years at eight stations; for the test, 15 additional 

stations were utilized. 

At the stations used for the computation of k t had been determined
l

, m 

previously by one of the most reliable methods (soe paces 22 - 24), and as t ands 
t were known, k could be found quite easily. The unsmoothed monthly mean values

20 l 

of k at t:.'le eie;ht stations for which it was computed are given in table 1.6, whil'3
l 

table 1.7 shows the standard deviation of the individual values of k for any pea-­l 

ticular month and station. The values of k
l 

are given ta the nearest 1
0 

, and the 
20 
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standard deviations to the nearest L. Althollsh this accurac~r may S8Glll
 

100
 
exaggerated, it appears to be justHied by the figures themselves.
 

Table I.5. Values of k determined by means of observations
1 

for the years 1946 - 1955 (see text). 

J F M A M J J A S 0 N D 

Reykjav:fk +0.05 +0.25 +0.45 +0.20 -0.15 -0.30 -0.10 -0.05 +0.35 +0.40 +0.15 +0.00 

Styl;:lcis- +0.00 +0.15 +0.30 +0.20 -0.10 -0.15 -0.05 +0.10 +0.30 +0.20 +0005 -0.00 
h61mur 

Bolungarvnc/ +0.00 +0010 +0.25 +0.20 -0.00 -0.10 -0.15 -0.10 +0.20 +0.15 +0.05 +0005 
Galtarviti 

Akureyri +0.10 +0.20 +0045 +0.30 -0.05 -0.15 -0.15 +0.20 +0050 +0.45 +0.15 +0.05 

Raui'arhofn +0.05 +0.15 +0.30 +0.20 -0005 -0015 ...00 10 +0 000 +0020 +0.25 +0005 -0.00 

Dalatangi +0.05 +0.10 +0.20 +0.15 +0.05 +0005 +0.10 +0010 +0.15 +0.15 +0.05 +0.05 

n61ar ! 0.00 +0.25 +0.35 +0.15 -0.15 -0.35 -0.25 -0.00 +0.30 +0.30 +0.10 +0.00 
Hornafir~i 

Vestmar..na­ +0.05 +0.10 +0.20 +0.15 +0.00 -0.05 -0.00 +0.10 +0.25 +0.15 +0.10 +0.00 
eyjar 

Table I.7. Standard deviation Ok} of leI' determined by means of the 

formula Ok 1 = \{ [( K1 )V - (k1)mJ 2 ,where 0<'1)", is the 

n - 1 

true value of the correction in an individual case and (K )",
1 

the ten-year average value of k given in table I.6. - Annual
1 

means were computed fran the monthly means. 
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,0 

o 

o 

o 

o 

o 

o 

:> 

Mean 
J F M A M :r :r A S 0 N D value 

Reykjavf'k: 0.09 0.17 0.~4 0010 0.08 0.12 0.16 0017 0.11 0.10 0.1; 0.09 0.12 

Stykkis- 0.07 0.09 0.11 0.08 0.1; 0012 0.11 0.09 0.12 0006 0.07 0.06 0.09 
h6lmur 

Biungarvf.k:/ 0.05 0.12 0 0 1; 0008 0.09 0.12 0.11 00 17 0.12 0.11 00 07 0.10 0.11 
Galtarviti 

Akureyr1 0.14 001; 0~10 0.11 0.07 00 09 001; 0.10 0.10 0.1; 0014 0015 0.12 

Raufarhofn 0.09 0.09 0018 0005 0.1; 0.17 0.17 0.15 0012 0.11 0.12 0.10 0012 

Dalatangi 0.07 0.06 0.07 OA06 0.07 0.07 0.11 0010 0.09 0.08 0.04 0.05 0.07 

H6lar f 0008 0.10 0.07 0.11 0.10 0.14 0.11 0007 0010 0.10 0.06 0.10 0.10 
Hornafir~i 

Vestmanna- 0.06 0.07 0.08 0.06 0007 0.10 0007 0.09 0.11 0.07 0.09 00 10 0.08 
eyjar 

The main result shown by table 1.6 may be described as follows:
 

The values of k are generally negative during May, June and July, and

l 

positive during all other months. The largest values, 0.4 - 0.5°, are found during 

March, September and October, at stations having a relatively large diurnal 

amplitude~ 

It might have been supposed that the value of k for an individual month
l 

would be roughly proportional to the mean value of (t - t ). This was tested in a 
x n 

provisional manner; the result was, brcadly speaking, negative.. The reason is, 

probably, that the unperiodio fluctuations affect the values of t and t to a 
x n 

considerable extent. 

The values of table 106 were mapped (month by month), and though the number 

of stations was very small, it seemed possible to draw tentative isolines for the 

kl-values. 
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Although the kl-values determined (for an individual station and month) 

for individual years did not Tary excessively, it seemed worth while to study 

more closely those values which deviated most markedly from the relevant station-

and-month aTerage. Between 30 and 40 values, out of a total of 960, were checkedv 

In a few cases it could be shown that a minor error had affected the computation 

of the mean temperature, but generally the anomalous feature could be traced back 

to two or three cases of rapid temperature changes which had taken place during 

the month, on different days but approximately at the same hour. Although such 

cases must be expected to occur just as frequently in the future, it is safe to 

say that at the stations for which k was computed, the error of a t - value
l ---.....::.--......-------- mr-.----­

based on fonnula (N) will only rarely exceed 0.2°. 

At most of the purely climatological stations the evening observation is, 
/ 

or was until recently, made at 21 h instead of 20 h. Therefore, the temperature 

difference between these two hours was estimated for the stations entered on the 

maps, and a second series of maps was constructed showing the approximate value 

of k as defined by the formula 
3 

(p) t ~ 1 (t + t ) + k • m s 21 32 

The latter maps were used for the testing of formula (p) and, indirectly, fonnula 

(N), see 1nJh'n 

No entirely satisfactory, objective method could be found to check the 

reliability of the formulae (N) and (p) (or, more specifically, the reliability 

of the kl-values interpolated frcm the maps) when applied to other stations. 

However, through the follo¥dng procedure it seemed possible to arrive at fairly 

definite conclusions: 
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At eleven stations where the monthly mean temperatures were originally 

computed by means of fonnula (A), new mean values 'for each month during a 

five-year period were oomputed by means of formula (p). The values of k} were 

read fran maps. The monthly averages of the differences between the results of 

the two computation methods are given to the nearest 18 in table 1.8 
20 

Table li8,	 Average difference between the mean temperature as camputed 

by formula (p) and the mean temperature as computed by 

formula (A). If formula (p) is assumed to lead to correct 

values, the tabulated di·fferences may be interpreted as 

corrections for values obtained by means of fonnula (A). 

Test period: 1950 - 1954. - Among the statioIls of the table 

below, Reykjahlf~ and Hallormssta~ur are located in the 

interior; Hamraendar, 'Skriauland and sknssta~r, though not 

very far from the coast, also have a relatively continental 

climate.. 

J' F M A M J' J A S 0 N D 

Arnarstapl +.00 +005 -.10 -.05 +.20 +.20 +020 +015 -.10 -.00 +.00 +.05 

Hamraendar +~05 +.20 -.20 +.05 +.40 +.50 +0}5 +.25 +.05 -.10 +.10 +.05 

Sub'ureyri +.05 +.05 -.05 +.05 +.20 +.}5 +0}0 +.}5 +.15 -000 -.00 -.05 

Skriauland -.00 +.00 +.05 +.15 +.30 +.45 +.45 +020 +.15 +010 -.00 -.05 

Sandur f -.05 -.00 -.10 -.05 -.05 +.05 +.05 -010 -.15 -.05 -.10 -.00 
A~aldal 

Reykjahl!3' -.05 -.05 -020 -010 +.10 +~55 +.65 +025 ~.10 -.10 -.10 -.10 

Hof f Vopna- -.05 -.10 -.15 +.10 -.05 +005 +015 -005 -.15 -.10 - .. 05 +.05 
fir31
 

Hallorms- +.05 .00 -.05 -.05 +.25 +050 +055 +.30 - ..00 -.10 -.15 -.05
 
sta~ur 

Teigarhom -000 +000 +.00 +.20 +0}0 +045 +.40 +015 -.05 -005 -005 +000 

vfk { Myrdal -.05 -015 +.. 00 -010 +.10 +015 +.15 +.05 -000 -.00 -.05 -010 

shlsstalS'ir +~15 +.10 -.05 +.15 +.45 +070 +060 +.}O +0}0 +~f' •• 05 +.15 
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The values of table 1.8 were compared with the corrections which could 

be expected to be valid for mean t€lllperatures computed by formula (A), judging 

from the test described on page 23.i I.e., the values of table 1.8 were compared 

with the values of table 1.4.. The stations are different, because all stations of 

table 1.4 were utillzed for the determination of k and k and thus could not be
l 3 

used for checking purposes. Hence, only the general ct~racter of the annual and 

- more roughly - the geographical variation of the table values couln be compared. 

The result, which stands out more clearly when shown graphically, was positive: 

in fact, the general agreement between the values of the two tables is excellent. 

This may be taken, for the time being, as a proof that no systematic errors of any 

significance are introduced when computing monthly mean. temperature by using formula 

(N) or (p). The random errors may sometimes be as large as 0.30 
and possibly, in 

exceptional cases, as large as 0.40
, but on the whole they will not be l~rger when 

using formula (N) or (p) than when other formulae are used.. 

.Q.o.!!.clll~i.QD~ 

(a) It is recommended that the ~nonnal temperatures" canputed for Icelandic 

stations for the period 1901 - 1930 should be revised in the light of the result 

of the above investigation concerning systematic errors of the formulae used. 

(b) It is recom1l1ended that the current computation of monthly meun values 

should follow the lines described below: 

In all cases where either a complete thermOGraph record or a set of 

temperat\ITe readings for eight synoptio hours is available, the mon~)ly mean 

temperature should l as hitherto, be computed as the average of the mean 

temperatures for every second or every third hour. 
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If the largest "gap" between hours at which temperature readings are 

made does not exceed six hours, the available monthly mean values for fixed 

hours should, as hitherto, be supplemented by approximate mean values for the 

remaining synoptic hours detennined by graphical interpolation... 

If the largest "gap" exceeds six hours, the monthly mean temperature 

should be computed by means of fonnulae (N) or (P.}o For the sake of unifonnity, 

fonnula (N) is preferred, and it is reoommended that stations making observations 

at 21 h and not at 20 h should make a shift to 20 h, provided that no strong 

reasons speak against such a chang~. - At stations where formula (N) [or (p>J 
is used, much care should be taken to ensure that the mean temperatures of 08 h 

and 20 [21] h are as correct as possible. This should be done, as hitherto, 

by canputing mean temperatures for all hours of observation" 

(c) At a few stations no observation is made after 17 h. It is recommended 

that, as far as possible, an observation be made at 20 h at these stationso 
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ANNEX II. 

PROBLEMS ASSOCIATED WITH Tlili DEFINITIONS OF D1ULY MAXIMUM AND MINIMUM TEMPERATURES 

lii.2.t.2.r.ic~_r~~r1s.s_ 

During a very long period, the daily max:L1lum (minimum) temperature was 

defined, in ~,cela.nd as well as in other countries, as the highest (lowest) tempera­

ture which occurred during the "meteorological day", i.e. from the morning obser­

vation on one day to the morning observation on the following day. 

However, according to the so-called Copenhagen code and all later codes for 

synoptic reports, the minimum temperature of the night is given in the morning 

report, and the maximum temperature of the day in the evening report. To obtain 

the values which had to be reported, the minimum thennaneter had to be set in the 

evening and read in the morning, while the maximum thermometer must be set in the 

morning and read in the evening. The observers were instructed accordingly. The 

new instructions, which were necessary to meet the requirements of the weather 

services , gave rise to much confusion which has not yet been entirely overcome, 

except perhaps in same countries where it was decided to read and set both 

thermoIOOters twice a day and derive the 24-hour extreme te:nperatures from these 

readings. 

If it is agreed that daily extreme temperatures in climatological records 

should be 24-hour extremes, the question remains whether they should refer to the 

time between two consecutive morning observations, as they did originally, or to 

the time between two consecutive evening observations, which they do now in some 

countrieb. In view of the normal diurnal course of temperature, the fonner 

definition may seem preferable as far as the maximum temperature is concerned, 

and the latter for the minimum t9lll.pera ture; on the other hand, the division into 

24-hour periods should be consistent. 
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In polar countries the amplitude of the periodic temperature variation 

is often small, at least during winter, while the unperiodic changes, which 

may go in either direction at any time of the day) are often very large) 

especially during the winter half-year. Under such circumstances it does not 

matter very mueh - at least as far as the computation of monthly means of 

extreme temperatures is concerned - whether successive days are separated at 

the morning or the evening observation. However) it often makes a large 

difference whether a.period of 24 hours or only a shorter period is covered when 

an extreme thermometer is read. Even in the case of weather reports) it might 

seem unfavourable to lose all infor.nation regarding maximum temperatures occuring 

during the night) or minimum temperatures occurring during the day. From a 

climatologistt's point of view) the situation is worse than that. 

When the Copenhagen code was introduced in Iceland {1932)) the extreme 

temperatures were reported from inland stations only; the Icelandic stations 

providing reports for inclusion in international weather broadcasts were all 

regarded as coastal stations, and no i~ediate change was made as far as the 
/~~'J"fJl" 

lother stations were concerned. In 1937, however, a letter was sent to all qll ....;-. 

~'t:;!,,:'J~' <­
stations, instructing the observers to give (in monthly returns as well as in :y-<-<r<.. 

daily weather reports) the maxim1.llll temperature of the day and the minimum. ;,r-'-" !,"; 
_.,--­
..----­

temperature of the night. The observers were instructed to make notations of 

-the day's minimum and the nightt's maximlUn also, if these were notably low or 

high, respectively; this instruction was presunably given in order to ensure 

a correct determination of the absolute extremes of the months. It is not 

surprising that this part of the instruction was followed rather poorly by 

some observers. 
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Since that ti~e, the monthly mean values of the daily extreme temperatures, 

as pUblished in ''ve~rl!t.tani', have been computed from day maximum and night minimum 

temperatures, respectively. 

A further letter was sent to ~all Icelandic observers in 1941, asking thm 

to set and read both extreme thermometers twice a day, in the morning and in the 

evening. This was obviously a much more practical arrangement. However, the 

monthly mean values of the extremes were still computed in the manner i:l.troduced 

a few years earlier • 

.In~t.!:1£.tio!!.s_v!!lid_iQ. lc~l~n! ~tJ.!:8~eQ.t_f.2.r3~t~n.!!.iQ.a!.i.2.n_o! !!all.l.
 

~x.!.r~m~ .!.e~r~t~s_
 

vekurstofan recently issued a revised instruction booklet for climatological 

stations (10). According to this instruction, both extreme thermometers should be 

set and read at 8 h and 21 h Icelandic time (9 hand 22 h GMT). Thus, at the 

climatological stations the maximum temperature read in the evening refers to the 

time 8 - 21 h, while the minimum temperature read i~ the morning refers to the 

time 21 - 8 h. A small number of observers do not yet follow the instruction on 

point in a perfect manner. It is hoped, however, that conditions will soon improve 

in this respect, due to more frequent inspections. 

At the stations looking synoptic observ8.tions, the maximum and minimum 

therm~neters are read and set at 8 hand 17 h. 

It is recommended that the evening observation at climatological stations 

be made at 20 b rather tllan 21 h (page 37). This would mean that the len~th of 

tbe day interval and the night interval would beco.-ne equal. From a climatological 

point of view, it would be desirable if the time for th.e readine and setting of 

extreme thermmrreters could be 08 hand 20 h at all stations, but fram other points 

of view 17 h may be preferable to 20 h at synoptic stations. 
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The monthly mean va.luEE for daily maximum and mininnull temperatures at 

Icelandic stations are computed from the day maxi!11illl and night minimum temp8I'a­

tures. As night maxinlum and day minimum temperatures are alBa observed, it would 

be possible, at the cost of some additional labour, to base the monthly mean 

values of the daily extrenes on 24-hour extrernes, vvhicb should be considered 

as the correct procedure. It wil1 be shown in the following section that the 

dif~erence is quite important. 

l!Ul!!.er.i.£a.±. .9Jf.f£r~n.£e.2. .!2.e,iw£eQ !!!,oQt.£lL !!le@.2. .Qf_e2£.t.!:e!!le_ t£mJ2.e.!:a!.U£.8.§. ~s_d£fJp£d
 

.iP_I.£ela!ld3!ld_th.e_c.Q.rr.e~.QnQJlliLV~1!!e.2. '£o!!!'puteQ. !r~IJ_2A-.£0~rYEt.!:e!!le.§.
 

In order to ascertain the importance of the discrepancy between the 

definition of extreme temperatt:.ref: used in Iceland and the classical definition 

(using 24-hour in!; ervals) stil1 in force in most countries, a stUdy VI/-as made of 

the numerical differences caused by this discrepancy. The study was based on 

observations at four stations during five years. From the monthly rCI,orts of 

these stations all cases were listed vIDere the. day mininlUm (and, hence, the 24­

hour minimum) was lower than tbe preceding night minimum; the maximum temperatures 

were treated in a simiJ.ar manner. An example is given in table 11.1. 

Table 11.1.	 Corrections to daily extreme t~lperatures. Akureyri, 

February 1950. The values of the table show the differer.ces 

(in °C) between 24-hour extremes and extremes for day or 

night only. If' no value is entered, the difference is zero. 

In tbe case of the maximum temperature, the 24-hour value is 

obviously> the day value, hence, if we interprete!J.. as 
::	 X 

a correction, IJ. > 0; similarly, tlJe correction !J. <. o. x ::	 n 
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Date 

1
 

2
 

3
 

4
 

5
 

6
 

7
 

8
 

9
 

10
 

11
 

12
 

13
 

14
 

15
 

16
 

17
 

18
 

19
 

20
 

21
 

22
 

23
 

24
 

25
 

26
 

27
 

28
 

~ 

~ :28; 

!J ~ 
X .11
 

1.0 -1.5 

0.3 -1.5 

1.8 -2.8 

2.4 -0.4 

2..0 -10 0 

3.. 0 -2.1 

2.5 -0.5 

0·3 -0.6 

1.3 

0.5 

2..0 -0.. 8
 

2.8 -7.. 0 

1.0 

1.. 0 

21.9 -18.2 

0.7.8 - 0.65 
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The ..an corrections (A l'l."and (llJ......as determine d from tables of this kind werex

transferred to another series of tables, one for each station. The contents of 

these tables	 are exemplified by table 11.2, showing the values for one month only. 

Table 11.2.	 Correotions to mrGInthly mean maximmn tEmperature 

( ( A » and to monthly mean minimmn temperaturexm 

( (4 », Akureyri, February 1950 - 1954. The values nm 

for the individual Februaries were obtained from tables 

like 11.1. 

February
 

( Ax)m ( ~)m
 

1950 0.78 -0.65
 

1951 0.94 -0.62
 

1952 1.33 -0.42
 

1953 1.01 -0.58
 

1954 1.16 -0.58
 

5.22	 -2.85 
~ 

~ :5 1.04 -0.57 

A third set of tables was prepared, giving (a) the uncorrected monthly 

extreme temperatures; (b) the corrections; (0) the mean values of the totul 

diurnal temperature amplitude (including the unperiodic part), as determined 

from uncorrected monthly means of the extremes; and (d) the corrections to this 

ampli tude. Each of these tables oontains values for twelve months at one station. 
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Table Il.3 gives an example of the contents. The individual values of the 

corrections are given with one decimal only in this table, which mainly serve. 

the purpose of demonstrating the magnitude of the correction as compared with 

the amplitude to be corrected. 

Table 11.3.	 Uncorrected monthly means of daily extrEllle temperatures 

and of total daily temperature amplitude, with 

appropriate corrections. Akureyri, February 1950 - 1954. 

- The mean values of A and A were obtained fran 
x n 

table 11.2 and used (before rounding Off) to compute 

(11
x - .An	 ) m• 

t' t' 
x Ax	 n An t'-t' A-tA 

x n x n 
February 1950 0.2 0.8 -4.9 -0.. 6 501 10 4 

1951 

1952 

1953 

1954 

2.3 

1.5 

2.6 

1.5 

0.9 

1·3 

1 .. 0 

1.2 

-3 0 8 

-3·7 

-2.0 

-2.9 

-0.6 

-00 4 

-0.6 

-0.6 

6.1 

5.2 

4.6 

404 

1.6 

1.8 

1.6 

1.. 7 

2.. S.l -17·3 25.4 

I. :5	 1.62 1.04 -3.46 -.57 5.08 1.61 

Finally, averaeG value s for the differ(mt stations were brought 

tos;ether in two tables (11.4 a-'1d lI.5) w~lich eive tbe result 0;: the present 

i1vesttgati on in a condensed form. This re:J'.llt may be sum:llarized as follows: 

Table 11.4.	 Five-year meam; (1950 - 1954) of correcticms to monthly 

means of extreme temperatures. The last two lines giTe 

cOl'reG.p0ndine four-station averaces. All vp~ues given in 
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table 11.4 are rounded off to the nearest ~ 
0 

butJ 

20 
th.e four-station average values were computed from 

the ~rigir~l t~ro-decinlal fieures. 

Carr. to 
J F M A M J J A S 0 N D 

t x 
Reykjav!k: .95 .80 .65 .50 • 35 .45 .45 ·35 .50 .55 .60 1.05 

StykJ.cis­ .80 .70 .55 .40 .30 ·35 .20 .25 .25 .45 .70 .80 
h61mur 

llkureyri 1.50 1.05 .85 .65 .75 .45 .65 .60 .60 .15 1.05 1.35 

H61ar ! 1.05 .80 .50 .40 ·35 .45 .40 .30 .. ~5 .40 ••75 1.15 
Hornafir~i 

Corr. to 
t n 
Reykjavfk -.60 -.50 -.25 -.10 -.05 -.00 -.05 - .. 05 -.05 -.15 -.45 - ..50 

Stykkis- -.50 -.40 -.20 -.15 - .. 05 -.05 -.05 -.05 -~10 -.30 -.40 -.45 
h6lmur 

Akureyri	 -.85 -.55 -.30 -.10 -.05 -.05 -.05 -.05 -.10 -.20 -.55 -.70 

JI61ar .! -.35 -.40 -.20 -.10 -.05 -.00 -.05 -.05 -.05 -.15 -B30 -.55 
HQrr>3.1'ir3"i 

Mean vLl.ll18 G 

for the sta­
tions given 
above: 

Corr. to 
t 1~05 .85 .65 .50 .45 .. 40 .45 .. 40 .40 .55 .80 1.10 x 

Corr. to 
t -.55 -.45 -.25 -.10 -.05 -.05 -.05 -.05 -.05 -.20 -.40 -.55 n 

Table 11.5.	 Lines denoted by 'a' : corrected values of monthly 

means of total diurnal temperature amplitude. Lines 

~': cox'responding illlcorrected values. Lines 'c': 

The proportion between the uncorrected values given 
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in line 'b' and the appropriate corrected values given 

in line 'a'. The nunfuers of lines 'a' an~ 'b' were rounded 

off to the nearest 10 • The values given in line '0', 
20 

however, were computed fran the original values before 

these were rounded off.. 

J F -M A M J J A S 0 N D 

Reykjavik (a) 5.25 5.20 5.30 5.55 5.40 5.85 5.35 5.90 5.80 4.55 4.70 4.85 
195tJ-1954 

(b) 3.70 3.95 4.35 4.95 5.10 5.40 4.85 5050 5.25 3085 3.60 3.35 

( c) .71 .. 76 .83 ..89 .94 .. Q2 .91 .94 .. 90 .,84 .. 77 .69 

Stykkis- (a) 4.15 4.10 4.50 5.00 5.20 5.,75 5.10 6.30 4.40 3.85 3.85 4.10 
h6llnur 
1950-1954 (b) 2.85 3..00 3.15 4.4~ 4.80 5.40 4.90 6.00 4.05 3.05 2.'5 2.90 

( c) .69 .74 ..83 .89 .93 .. 94 .95 .95 .92 ..80 .71 ..70 

Akureyri (a) 7.05 6.70 6.75 6.80 7.65 6.80 6.50 6.45 6035 6.05 6.20 7.25 
1950-1954 

(b) 4.75 5.10 5.60 6005 6.80 6.30 5.75 5.80 5.60 5.10 4.55 5.20 

(c) 067 .'76 .. 83 .89 .89 .. 93 .89 .90 .. 89 .84 .74 .72 

H61ar ! (a) 5.00 5.60 5.35 6.95 6.05 6.25 6.10 5.70 5.35 4.80 4.85 ,.50
Hornafir~i 
1951-1955 (b) 3.60 4.45 4.60 6.45 5.65 5.80 5065 5.40 5010 4.20 3.80 3.80 

( c) .72 .79 ..87 .93 093 .93 .92 094 .95 .B8 .79 .69 

I. The corrections applicable to the maximum temperatures are significant 

during
, 

tbe whole year; they are large. 0.8 - 1.5
a 

, in December and lanuary, but 

o
generally less than 0.5 from May to September, A canparisan between the maritime 

station Stykkish6lmur and the more continental station Akureyri indicates that the 

corre~tion is relatively large in inland district80 
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2. The corrections applicable to the given minimwll temperatures are 

negligible from May to August but generally as large as 0.4 - 0.7
o 

from November 

to February. At tl.at time of the year the largest values are found at the most 

continental station (Akureyri) a 

3~ The relation between the monthly means of the uncorrected total diurnal 

amplitude and the corresponding amplitude after correction is approximately the 

same at all stations (table 11.5), i.e. the correction applicable to the amplitude 

during a certain month at different stations is roughly proportional to the 

amplitude itself. In December and January, the uncorrected amplitude is only about 

70% of the corrected amplitude; in other words, the correction amounts to about 

40% of the uncorrected value. From April to September, the corresponding figures 

are 90 - 95% and S-l~~, respectively. 

The seasonal differences;~ccurt':ingin the magnitude of the correction 

are easily explained. DUring summer, the days are nearly always wanner than the 

nights; sometimes, the maximullJ temperature of a certain day - preferably in the 

case of prolonged rain - fails to reach the level observed the evening before, but 

very rarely is tile temperature at a morning observation or later during the day 

lower than the minimum temperdture of the following night. During winter, tile 

periodic diurnal amplitude, as shown in Annex I, is negligible or nearly so, 

'whereas the unperiodic variations, caused mainly by frontal passages, changes in 

wind direction or wind force, and increasing or decreasing clOUdiness, are often 

large. 

The difference between coas-ca! and continental stations mentioned 

above (page 42) also reflects a' contrast regarding the frequency and magnitude 

of temperature changes which are out of phase wi th the normal daily march of 
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temperature. In the interior, such changes are mostly connected with the 

formation or destruction of ground inversions; in coastal areas, they may occur 

when an outflow of continental air is followed abruptly by the advection of 

marittme (or ~itimized continental) air, and may in such cases be very rapid 

or even instantaneous. The larger values for continental stations (table 11.4) 

indicate that the greater frequency and magnitude of ground inversions in the 

interior over-compensates the existence of the special effect near the coasts. 

It may be mentioned that in the windy climate of Iceland the inflow of mild air 

above a cold bottom layer nearly always leads to the destruction of the inversion, 

althougp this process may ta..1{e as much as 6 - 12 hours. 

Although the resul1s summarized above (pag~ ";2-4J3pere based on a very 

scanty material, it seemed advisable to express, tentatively, the generalized 

result in a quantitative manner (table 11.6). The numbers given in this table 

should be used with caution, and if possible they should be checked by further 

inv()stigations. 

Table 11.6.	 Tentative correotions to those monthly mean maxima and 

monthly mean minima in "Velr~ttan" whioh are based on 

day maximwn and nigpt minimwn temperatures. Tb,e values 

can not be expected to be very nearly correct for one 

particular station and month but are supposed to give a 

fairly realistic picture of tile average magnitude of the 

correction at coastal and non-coastal stations, and of 

the annual variation of this correction. Still larger 

values than those given in the table may be expeoted at 

the most continental stations of the country, as this 

category is not represented in the investigation. 
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;r F M A M J ;r A S 0 N D 

Coastal t +0.9 +0.7 +0.6 +0.4 +0.3 +0.3 +0.3 +0.3 +0.3 +0.4 +0.7 +0.9 
x

stations 
t n -0.5 -0.4 -0.2 -0.1 -0.1 0.0 0.0 0.0 -0.1 -0.2 -0.4 -0.5 

Stations t +1.3 +1.0 +0.8 +0.6 +0.6 +0.6 +0.6 +0.6 +0.6 +0.7 +1.0 +1 0 3 
in the 

x 

interior t n -0.8 -0.5 -0.3 -0.1 -0.1 0.0 0 0 0 -0.1 -0.1 -0.2 -0.5 -0.7 

Q.o~c..!.u~i..£D.:§!. 

(a) It is recomr.lended that the daily extreme temperatures at Icelandic 

stations be defined as extreme temperatures for 24 hours - in principle from 

20 h to 20 h, Icelandic t~me. From a clinatoloeical point of view it would be 

preferable if these hours could be adhered to at synoptic stations, too; but 

naturally it must be considered at first whether this would be compatible with 

the requirements of the weather services. 

(b) It is recm~~ended that when average values for the standard period 

1931 - 196b of monthly means of daily extreme temperat.ures are cOTIputed, these 

values should be adjusted, as well as possible, to agree with the definitions 

given abo-vee 
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.ANNEX III 

FREQUENCY DISTRIBUTION OF DEPARTURES OF DAILY MEAN TEMPERATURE FRCM THE
 

CORRESPONDING ~OlMAL" TEMPERA'IURE. REYKJAVtK! 1946-1955
 

During several years, the departure of the 24-hour mean temperature 

fr(]Jl the accepted 'normal "temperature (from 1945, the mean temperature for 1901 ­

19,0 was used as a normal) has been cODlputed regularly for a SlIlall number of 

Icelandic stations, i.a. Reykjavtk and Akureyri. 

The departure tables !Omn a convenient basio material for an elementary 

discussion of the statistical parameters valid for the distribution of daily mGa1 

temperature in Reykjav!k during ten years (1946-1955). In the said tables, the 

departures are given to the nearest whole degree; for departures numerioally 

less than 0.5
0

, the sign (if any) is given. The lack of decimals is unimportant 

for the present study, as the class interval of lOis not too broad. The few 

cases where the departure was given as 0.0 were distributed evenly between the 

classes +0 and -0. 

Fr(]Jl the basic frequenoy tables (one for eaoh DlOnth, with one line for 

each year) a larger table was prepared, showing the class frequencies month by 

month for the ten-year period, The oumulative frequenoies for each month were 

detennined from this larger table. Finally, the values of the oumulative functions 

were expressed as percentages of the nwnber of days avltjilable for each month, 

lJIainly to allOw for the unequal length of the Tar! ous months (table III,I) , 

Table III.l, Frequency (in %) of daily temperature departures fran 

the 1901-1930 normals. The table values sh.ow the 

frequency of departures exoeeding, in the positive or 

negative direction as stated, a given amount. 

Reykjavfk, 1946-1955. 
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~ ~ 

At~ J F 111 A 111 J J A S N D° 
8.5 0·3 0.6 0·3 

7.5 3·2 I.} O~} 2.} 2.} 

6.5 5.5 1.1 2.3 O.} 1.6 5·3 3·2 

5.5 9.0 5·3 7.2 0.7 1.0 0.3 5.8 8.0 6.8 

4~5 17.7 9.. 6 15.;) , ..7 2.3 1.7 0.6 2.0 11.0 16.3 13.9 

3.5 27.1 17.7 26.1 10.7 9.4 3.0 1.3 1.3 8.3 20.3 24.7 21.6 

2.5 36.5 25.5 32.6 19.3 19.0 6.7 3.. 9 5.5 15.3 30.0 30.7 31.2 

1.5 48.7 37.6 41.3 28.7 33 .. 2 16.. 0 9.0 18.7 27.. 3 41.0 41.7 42.6 

0.. 5 60.0 46..8 51.6 38..7 50.6 35.7 25.5 43.2 43.0 51.6 51.; 51.6 

to.O 63.9 51.8 56.5 49.3 59.0 45.7 40.3 59.0 50.7 58.4 56.0 55.5 

At~ 

-0.0 36.1 48.2 43.5 50.7 41.. 0 54.3 59.7 41.0 49.3 41.6 44.0 44.5 

-0.5 3ao~ 46.1 39.0 46.0 34. 8 41.7 48.7 27.1 40.0 37.1 39.0 38.4 

-1.5 23.2 }6.2 31.6 34.3 26.5 15.3 20.6 8.1 24.0 26.5 32.7 29.4 

-2.5 17.1 24.8 22.3 23 .. 7 15.. 8 507 5.8 1.3 10.3 14.8 21.7 22.6 

-3~5 13.. 9 17.0 18.4 17.3 9.0 2.0 1.0 0.3 5.0 9.0 14.7 19.0 

-4.5 11.0 10.3 12 .. 9 11.3 4.8 1.0 3.0 6.8 7.0 14.2 

-5.5 8.7 6.4 8.7 7~0 2.6 0.3 0.7 4.5 4.. 0 1l.6 

-6.5 6.8 4.3 3.2 4.0 1.3 1.. 9 3.0 7..7 

-7.5 }.9 2..8 1·3 2..3 I.} 0.7 4.8- . .-.._,,~-- .... ~.~, ..... -..•-' -,.",., 

-8~5 2·3 0.4 0.6 1.. 7 3.. 2 

-9.5 1.6 0.4 0.7 1.3 

-10.5 1.0 0.4 
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As table III.l shows, the summation was made from both ends towards 

departure O. This is slightly preferable if one wants to compare tho frequency 

of positive departures exceeding a given amount with the froquenoy of negative 

departures numerically larger tban the same runount. 

The characteristic features of the frequency distribution were demon­

strated by a number of diagrams, ioa. by entering tlJe cUlllulllt.!ve trl'lquencies 

(surmned from low towards high temperatures only) on "I'robubll1ty Papo~ (see (6), 

page 81), which makes the deviation fran a normal frelluencl dintribution appear 

very clearly.. 

The general character of the distributionD doee not deviate too much 

fram analogous distributions in large parts of westeI~ Europe. The oontrast between 

summer and winter is strikir.g: in August, no departure numerically lRrger than 

4° (strictly, beyong the class lliait 4.5°) has occurred, while in any of the months 

December to March 10-18% of the days bave been more tl~n 4° too warm and 10-14% 

more tban 40 
too cold.. The largest positive departure observed during this ten-year 

period was +9° (in January 1947, March 1948 and December 1946), and the largest 

negative departure _11° (January 1949 and 1955, and February 1950). It may be 

pointed out, however, that whereas tbe limit for posi ti ve departures in Reykjavik 

is not far beyond +9° (probably +10 or +110) , the ne cati va departures may 

occasionally be much larger than -11°; in Stykkish6lmur, not very fe-r from 

Reykjavik, the whole month of March 1881 had a mean departure of about _12
0 

, while 

the departure on the coldest day of tlJis montb was approximately _22°. 

Whereas no departure during April - Mayor July - September has exceeded 

0 0 0
+6 (+6.5 ), one day in June 1955 was 8 too "laIm. It may be assumed that positi ve 

departures of 7 or 8
0 

may occur in exceptional cases in April and Yl8.y, whereas the 

limit may be a little lower in July, August and Septembel. 
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From the values of table III.l the mean temperature departure for each 

month during the ten-year period was computed (table III.2). These mean values 

might of course have been found more easily, and perhaps with greater exactness, 

from the published monthly mean temperatures; however, for the further statistical 

treatment it was considered preferable to us e mean departures determined from the 

frequency tables. 

Table III.2.	 Monthly values of mean departure ( ~ ), standard 

devia tion (~ ), and skewness ('(,) of the anomaly of 

daily mean temperatures. Reykjav!k 1946 - 19550 J has 

been computed from the anomalies, not fran monthly mean 

temperatures. As for the definition of ~ ,see (3) 

page 55. Sheppard~s correction was not applied. The ten-

year mean departures (t ) from the 1901 - 1930 normals 

were taken into account when the values of 0 and t, 
given in the table were computed. 

J F M A M J J A S 0 N D 

~ +0.86 -0.05 +0~41 -0.45 +0.20 -0.01 -0.36 +0.32 +0.10 +0.59 +0.59 +0.24 

0	 4.10 3.52 3.82 3.24 2.60 1.78 1.53 1.40 2.27 3.25 3866 4,,08 

-0.60 -0.25 -0,,29 -0.40 -0.45 +0.46 +0.39 -0.01 +0.13 -0.26 -0.04 -0.47 ~ 

It is seen that the mean depa~tures are positive during 8 months out of 12. 

During Febrwry and June, they are negative but negligible; only April and July 

show a significant negative departure. For a discussion of the general trend of 

temperature (the ~climatic variationY during the present century, see .Annex V. 
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The standard deviation and ·the skewness parameter of the distributions 

are also given in table 111.2. These parameters were adjusted by taking into 

account the actual mean values of this departure (~ in table 11102). The 

correction proved to be negligible (always less tlmn 0.1
0 

) as far as the standard 

deviations were concerned, whereas it - as might have been expected - was of great 

importance for the values of ~ 1. 

A statistical treatment of the temperature departures at Akureyri) 

following the same scheme as above, was started before I left Iceland. A main 

difference, as compared with Reykjav!k, was the @6nerally wider scattering of 

the values, in accordance with the more continental position of Akureyrio 

-5Lr 



ANI-EX IV 

WIND STATISTICS 

Qe!!.8r.a1. 1:e!!!:B:!:.k.!. 

It is well known that the frequency of gales in the coastal areas of 

Iceland and over the surrounding part of -(;Le ocean - including all important 

fishing banks in this region - is very high; at some localities on or just 

outside the coast, e.g. at Vestmannaeyjar, it may be called exceptionally high. 

During the winter, even winds of hurricane force are not quite unusual. The 

importance of these facts to fishery and shipping is obvious. The relatively 

frequent sudden shifts of wind direction, orten oombined with a very rapid 

increase of wind velocity, as well as the fact that large sections of the coast 

afford no shelter at all, add to make shipping, and above all fishing, in the 

oceans surrounding Iceland hazardous, in particular during the winter months~ 

Those who engage in these activities are, of course, keenly aware of the importance 

of a well-functioning system of weather forecasting. (It is interesting to note 

that no specific gale warnings are included in the ordinary forecasts issued by 

the Icelandic weather service, the r~ason being that gales are much too frequent!) 

They may not be equally aware of the potential value of climatological studies 

concerning gale frequencies or, more generally, wind conditions. 

The mean wini velocity, as well as t~e frequency of gales, is remarkably 

high in most inland areas of Ic~landJ too. Not only is the pressure gradient often 

very stgep; it is also ilnportant that there are no extended forests in Icelando 

The orography favours a high mean wind velocity in some areas (howe'ler, many of 

these areas are uninhabit~d), while in many valleys there is a distinot predomi­
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nance of winds blowing along the valley - such winds may occasionally attain 

t~e character of severe gales, in particular when blowing directly from the 

open sea into a valley. There are, on the other ham, some orographically 

sheltered valleys where cams are frequent and winds mostly licht, but they 

are exceptions. Most of the interior is an entirely uninhabited, relatively 

flat highland (appr. 500-800 m above sea level), freely expos~d to the fury 

of t::J.e win1s o Winds of hurricane force must occur occasionally on sortle of the 

glaciers which cover more than 10% of the surface of Icel9.nd. 

The comparatively high frequency of strong winds in the interior of 

Iceland is a matter of far-reaching consequences; not so much so because of the 

occasional d&~age to buildings et~., but mainly because of tho wind erosion, 

which is a major problem for land utilization in Iceland. The soil of IceJJ:ind 

is fertile in many places, but in large areas it consists of sand or sterile 

volcanic products. The fertile soil may, if the vegetat10n cover is missing or 

insufficient, be carried away by the wind - perhaps from a place where it had 

fo~ned the living b~sis of a farmstGad to a locality where it is of no use at allo . 
A statistical treatment of the wind observations could not answer more 

than a fraction of the problems associated wi th the economical importance of the 

wind climate of Iceland. Most of the meteorological stations are on the coast 

itsGlf or on a coastal plain; nearly all of the stations in the interior are 

sitl~ted in valleys; naturally, the large uninhabited area in the interior is 

not represented at all. Still, it seems beyond dOUbt t~1at a careful statistical 

study of the available material would be worth while. Contr~ry to what is 

customary in many other countries, wind obser\'-ations are made regularly at 

practically all meteorological stations in Iceland. Sane of the main stations 
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have been equipped wit~1 anemometers, generally of a non-registering type, 

during the last few years, but most of the available material regarding wind 

velocity consists of estimates. This·circwnstance is somewhat unfavourable 

for the study of regional differences in wind conditions, but on the whole 

it does not reduce the value of the material very much. 

2t.!ltis~i£.s_o!. .e;.a1.e.@. in_R~~J~vfk_12_42. .::. 1.9..25 

The wind observations made at the airport of ReykjavIk seem to constitute 

a reasonably homogeneous material, well suited for a statisti~al study of t~e 

OCC11rrence of gales (;> 7 Beaufort) during a ten-year period (1946-1955). An= . 
anemometer fUllctioned at the airport during this period. The mere fact that it is 

possible to get a relatively cQ~plete pict1~e of the frequency of gales from 

various directions, and at different times of the year, from a material covering 

ten years only, tells a good deal about the windy climate of the capital of 

Iceland. 

Table rv.l. Frequency of strong winds (7-12 Beaufort) expressed as 

a percentage of the nunber of observations. The table 

is based on 8 observations per day. Reykjavfk, 1946-1955. 

Beaufort J F M A MI J J A S 0 N D 

12 0.04 0.04 0.08 0.04
 

:::>11 0.;6 0.1) 0.04 0.04 0.04 0.08 0.08 0.16
 
= 
.> 10 0.9) 0·36 0.44 0.46 0.12 0.12 0.56 0.54 0.69 

;:;:- 9 2.• 5 1 0 6 2.2 1.4 0.)6 0.16 0.32 0.79 1.4 10) 1.8 

;;:8 7.3 5.5 6.8 5.6 2.1 0.42 0.85 P.972.9 4.2 4.8 5.6 

?7 15.3 11.1 14·3 11.1 5.2 2.5 20 5 4.0 6.9 10 0 4 10.4 12.1 
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Table IV.l shows the frequency of gales month by month, without regard 

to the wind direction. The frequencies are expr~ssed i::1 per cent of tile total 

number of observations. It is seen that winds of gale force prevail at no less 

than 10-15% of all observlitions during January to April and October to December; 

only during June and July the percentage is as low as 2-}. 10 Beuufort (llwhole 

galell ) is reported at nearly 1% of all observations dUring January, and force 12 

has been observed on four occasions (January 1952 and April, November and 

December 1953). 

The contrast between the relatively quiet period Muy to September and 

the remainder of the year is illustrated by table IV.2. which alao gives the 

all-year percentage of winds reaching or exceeding a cortal=t step (~7)'of the 

Beaufort scale. 

Table IV.2. Frequency values (colnputed by means of tho values of 

table IV.l) illustrating Vle lar~~ senaona! vurlation 

of the frequency of strong winds. RAykjav{k, 1946 - 1955. 

January to May, June, 

Beaufort 
April and 
October to 

July, 
August, 

Year 

Deoember September 

12 0.03 0.02 

:::>­ 11 0.13 0.01 0.08 

:> 10 0.57 0.05 O.}s
;. 

.::> 9 -1.75 0033 1.2 
= 
? 8 5.7 1.45 3.9 

.­

.......
 ...... 7 12.1 4.2 8.8 
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Table IV~3,	 Frequencies of strong winds from the various directions 

and irrespe cti VEl of direc tion. The value s of the table 

are given as percentages of th.e total amount of observations 

used for the computation, i.e., not as percentages of the 

number of cases with wind from one particular direction. 

ReykjavIk, 1946-1955; eight observations per day.. 

All
Beaufort	 N NE E SE S S'N W NW directions 

12 0.00	 0.01 0.01 0.02 

11 0.02 0.00 0.01 0.01 0.01 0.02 0.00 0.08'7
 

"2 10 0.07 0.02 0.02 0.03 0.08 0.05 0.07 0.01 0·35
 

/' 9 0.23 0.10 0.09 0.19 0.19 0.17 0.16 0.02 1.. 2
-

"/8 0.85 0.30 0.36 0.78 0.61 0.49 0.. 46 0.08 3.9
 

2 7 1 .. 97 0 .. '76 1.13 1.. 63 1.43 0 ..92 0.77 0,,17 8.8
L __	 ___ ..._1 

In table IV.3 the distribution of gal'3s between the eight prL'1cipal 

directions of the compass is given. The table shows that northwesterly gales 

are infrequent. This may to some extent be due to local orographic conditiona, 

but essentially it appears to reflect the fact to~t pressure gradients 

corresponding to a northwesterly gale are unusual in anci near westorn Iceland. 

The frequency of gales from the other main directions is more uniform, although 

there is. a clear indication of a double maximuTJ, carr", 2,poilding tD the directions 

N and SE. 

£t.£t.i,sli.£s_o£, ~i.!!.d_d1:.r~c~i.2.~.!!t_n.in~.§.t.2.tio~.L. . 
1.9.1.1_-_1.2.5Q 

The monthly pllblication "Ve3rattan" contains, for all stations in 

Iceland where wind observations are made., frequency numbers for each of the eight 
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VI 

principal directions, as well as the frequency of cr,Dos and the m.ean wind 

force for each individual month. Tnis material, for the twenty-year period 

1931-1950, has recently been t~~nsferred to punch-cards. The further 

evaluation of the material was limited, for the tir18 beine, to nine stations 

wi th complete series of observations for this 20-ye8.r period. }<'Ol" each of 

these stations, tables like IV.4 were arranged to show the averaGe wind 

frequencies during each month and for the year as a whole. 

Table 1V04. Frequency of different wind directions and of calms 

for each month and. for the year as a whole. 

Reykjav!k, 1931-1950A 

J F M A M J J A S o N D Year 

N 8 9 9 14 10 12 16 13 12 13 10 9 11 

NE 10 11 10 12 9 7 5 6 7 7 9 10 9 

E 28 24 28 21 17 11 10 13 17 23 26 28 20 

SE 14 13 13 12 14 14 13 13 14 16 17 16 14 

S 14 14 12 12 12 11 10 15 15 14 12 14 13 

sw 11 11 11 10 10 11 9 11 12 10 9 8 10 

4 6 5 6 10 13 11 9 7 5 4 3 7 

Nv'l 3 446 9 12 15 10 6 3 3 2 6 

Calm 7 888 9 8 11 12 10 10 10 9 9 

The frequency table for Reykjavfk (IV.4) shows the predaolinance of 

easterly winds during tlie greater part of the year. In weak-eradient situati ons 

during the winter half-year, the easterly wind may have the character of an 

outflow of cold continental air, but most often the easterly wind, as well as 

winds from other directions, is a large-scale phenomenon associated with the 

large-scale pressure distribution. 
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As shmvn by table IV.4, the frequencies of some of the wind directions 

exhibit a marked annual variation. Thus, the easterly and northeasterly winds 

are much more frequent during the winter half-year than in summer, while the 

frequency of winds from north,' northwest and west varies conversely. 

Table IV.5. Monthly frequencies (in I~) of wind directions shoviing 

a markedly different frequency in different months. For 

easier orientation, tyro or three wind directions have 

Reykja­

vik 

NE+E 

W+NW+N 

been combined wherever it seemed advantageous to do 

J F M A M J J A S 0 N D 

38 35 38 33 26 18 15 19 24 30 35 38 

15 19 18 26 29 37 42 32 25 21 17 14 

so. 

Stykkis­

h6lmur 

SE+S+SW 

W+NV1+N 

42 

16 

40 

22 

35 

19 

35 

22 

30 

23 

25 

35 

21 

32 

32 

27 

36 

24 

40 

22 

39 

19 

42 

15 

Akur­

eyri 

SE+S 

NW+N 

47 

16 

46 

18 

43 

19 

35 

28 

33 

39 

28 

48 

20 

54 

28 

41 

37 

31 

46 

22 

48 

18 

49 

16 

Grims­

staair 

SE+S+SW 

N 

50 

10 

50 

13 

51 

10 

43 

15 

47 

18 

38 

25 

35 

28 

42 

23 

48 

15 

52 

15 

49 

12 

52 

11 

Raufar­

horn 

Teigar­

horn 

S+SW 

E 

N+NW 

NW+N+NE 

E 

30 

15 

14 

42 

10 

}b 

13 

15 

50 

6 

26 

12 

17 

43 

10 

21 13 

12 21 

19 15 

45 28 

15· 27 

8 

21 

21 

24 

26 

7 

22 

23 

20 

27 

9 

20 

23 

23 

22 

16 

17 

20 

~l 

16 

22 

10 

18 

42 

8 

26 

10 

17 

45 

8 

29 

13 

14 

42 

8 

Fagur­

h61smfri 

N1'v+N+NE 

E 

42 

19 

43 

17 

38 

25 

34 

31 

24 

38 

18 

36 

12 

42 

16 

34 

25 

31 

34 

26 

42 

22 

47 

22 

Vest-

manna­

eyjar 

N+NE+E 

.W+NW 

SE 

39 

16 

13 

39 

20 

14 

39 

18 

18 

38 

21 

17 

30 

21 

24 

24 

24 

25 

22 

28 

23 

25 

24 

20 

30 

23 

18 

38 

20 

17 

38 

17 

18 

39 

15 

17 

st1ms­

sta~ir 

N+NE+E 

SE+S+SVl 

49 

36 

51 

33 

45 

35 

42 

36 

24 

54 

19 

55 

16 

56 

21 

53 

32 

43 

44 

35 

50 

32 

48 

34 
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Table IV~5 which gives an extract of the frequency tables for all nine 

stations, demonstrates that the same phenomenon can be observed at all stations. 

It is interesting to note, however, that the wind directions showing a maximum 

of frequency during the winter are markedly different from One station to 

another; thUS, in Reykjavik these directions are E and NE, in northern Iceland 

SE to SW, along the coast from the easternmost to the southwesternmost point of 

the country mainly N and NE. It may be concluded that the annual variation of 

wind frequencies is not essentially due to seasonal variations of the large-scale 

pressure distribution. Rather, it may be considered as a phenomenon of the 

monsoon type, associated with such modifications of the general pressure 

distribution which are caused by Iceland itself. It is perhaps a little 

surprising that these regional effects appear as distinctly as they actually do. 

The wind directions having their highest frequency during sUllUller are, 

as might be expected, mainly winds blowing from the sea. Two stations, Raui'arhofn 

and Vestmannaeyjar, show a more complicated picture, as the frequencies of tyro 

opposite directions vary in a vel~ similar manner. It seems possible that one of 

these directions represents same kind of local sea-breeze blowing mainly in the 

afternoons and evenings, while the other direction represents a "monsoon" on a 

larger scale. 

Table IV.6. Mean wind force (Beaufort scale), 1931 - 1950. 

The figures of the table have been computed directly 

(as if tbe Beaufort scale had been linear), without 

any conversion to genUine velocity units~ 
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J F M A M J J A SON D Year 

Reykjav!k: 3.7 3.6 3.4 3.3 2.9 3. 0 2.7 2.7 3.1 3.2 3. 2 3.5 3.2 

Stykkish6Jmur 3.3 3.4 3.1 3. 0 2.6 2.4 2.1 2.3 2.7 3.0 3.1 3.1 2.8 

Akureyri 2.2 2.2 2.0 2.1 2.1 2.1 1.7 1.7 1.9 2.0 2.1 2.1 2.0 

Grfmsstahr 3.5 3.4 3.1 3.2 2.9 2.6 2.4 2~5 2.6 2.6 2.8 3.2 2.9 

Raufarhofn 3.6 3.4 3~0 3.1 2.6 2.4 2.2 2.3 2.7 2.8 3. 0 3.1 2.8 
2.7)

Teigarhom 2.8 2.6 20 5 2.6 2.1 2.1 1.7 1.9 2.2 2.4 2.5 2.5 

Fagurh61sm§ri 3.1 3.1 3.0 3.1 3.0 2.7 20 4 2.5 2.5 2.5 2.6 2.7 2.8 

Vestmannaeyjar 5.7 5.4 5.2 5.0 4.5 4.2 3. 6 3.9 4.4 4.9 5.0 5.3 4.8 

s&nssta'tir 2.4 2.3 2.0 2.0 1.9 1.8 1.6 1.8 1~9 ?~O 2.0 2.0 2.0 

Table IV.6 shows the mean wind force as based on the observations (mainly 

non-instrmnental) at the same stations. Two reservutions must be made. Firstly, 

as the Beaufort scale is not a linear scale of velocity - strictly speaking, it is 

not a velocity scale at all, but rather a (non-linear) scale of wind force -, it is 

not ~uite permissible to compute average values as if it were a linear scale. The 

p~~ctical importance of this objection is probably not very great, considering the 

weight of the second reservation: Each observer estililating the Beaufort scule ­

nUi:J.ber applies his own I'private l'scale, which can not be expected to agree exactly 

WiUl the scale of any other observer. 1l.ltr.ough tLere is no reason to expect that 

the importance of the "personal eguation"in thifJ respect is larger in Iceland than 

in other countries, caution is reQuired when the IJlean wind force at different 

stations are ccmpared. It seems reasonable to believe, however, tbat the annual 

variation of wind velocity, and accordingly geographical differences with respect 

to this annual variation,' may be deduced with a fair degree of confidence from 

statistical tables like IV.6. 
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By far the largest mean wind velocity is found, throughout the yearl 

at Vestrnannaeyjaro Although the position of this station is sanewbat peculiar ­

on the top of a snaIl, rather steep mountain -I there is no doubt that the mean 

wind frequency is very high on and near the Yeatman Islands. Among the nine 

stations of the table, the lowest mean velocity is shown by Akureyril near the 

bottom of a rather narrow fiord with relatively high mountains on both sides. 

As for the annual variation of wind velociGy, most stations show a 

maximum. in January and a minimum in July. 

Further statistical studies of wind conditions in lceland are recommended. 

Special attention should be given to questions of practical importance in connexion 

with the construction of tall buildings l airports and harbours l or with the 

possibility of making use of snow fences or shelter belts for the protection of 

roads and cultivated fieldl; .. 
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ANNEX V
 

'SEC'JL.<ill TRr~NDS' OF T3MPZRl:l.TURE AND PRECIPITNrION IN ICELAND DVRING THE PRESENT 

"GEN'I'URY 

Inir2:1:::!.c1 i .2,n_ 

The climate of Iceland is, during the winter half-year at least, much 

milder than might be expected in a country whiah on a map gives the impression 

of being suspended on the string of the Arctic circle. Nevertheless, the clL~te 

is unfavourable or even prohibitivs to many crops important in temperate latitudes. 

Very little cereal is grown; the main vegetable product of the country is hay. 

The almost complete lack of forests is not assumed to be due primarily to 

climatic conditions, but there is no doub't that the olL~te 1s a serious obstacle 

to the progr~e of reforestation. 

The main difficulties to agricultl~e and forestry appear to be associated 

with the climate of the summer half-year. Although the summer days are long, they 

are usually rather cool, and in most districts night frosts may occur in June and 

late August; in the upper parts of sane valleys and in the highlands, frost may 

occur at any time of the year. The summer precipitation may be unfavourably large 

or Imfavourably scanty; in most northern districts, severe drOUghts are not 

unconunon in spring and early summer. The winter climate in the north of Iceland 

is on the wholA rather favourable to vegetation, but in most other districts the 

frequent shifts from cold to mild weather and vice versa may have bad effec'ts. 

A moaerate rise of summer temperature, as compared with conditions during 

the last decades, would mean that cereals could be grown successfully in many 
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districts) which might lead to a revolution of Icelandic agriculture and 

radically change the economical conditions of ru~l districts, perhaps even of 

the country as a whole. A deterioration of the climate would. lead to many 

difficulties and accelerate the process of evacuation of many isolated districts 

which bas - for other reasons - taken place during the present century. 

Fisbery) too, is depending tu a oonsiderable extent on the climatio 

oonditions of the atmosphere and, more directly) on those of the hydrosphere. 

The polar ice bas sometimes, mainly during spring and early summer, blocked the 

harbours of northern Iceland for a considerable length of time; however, this has 

not happened since 1918. But even if the polar ice does not advance as far as that, 

the position of the ice limit, geographically and in relation to the OcCUrrence 

of fish, is a matter of far-reaching consequences. The positions, and perhaps the 

character) of hydrographic boundaries, prL~arily the first-order boundary between 

arctic and atlantic water masses, appear to be related, in a complex manner, to 

the abundance of sea plankton and hence to the l'population densi tyl' of fish. See) 

for instance, (1) and (2). 

Under these circlwstances the problem of climatic fluctuations - as 

reflected) i.a., by the temperature and precipitation data for meteorological 

stations - is a problem of great significance to Iceland. Even a careful 

statistical study of past events will not enable us to forecast the future 

development of climate, as long as we have no physical explanation of th0 changes 

observed until now; nevertheless, .it seems worth while to attac~ the problem from 

a clulatologist's starting point and analyze the situation with the tools of 

statistics. 
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.§.e,£U!a!. !~~s_o! !e~p~r~t~r~ ..!.n_R~y!.j~v.f.k_8E,(tT~i~a.Eh~~,_l2.0.!.:: .!910_ 

The primary re~uirement when using a series of observations in order to 

study climatic trends is, obviously, that tile series is homogeneous. A lack of 

homogenei ty small enough to avoid detection by ordinary bllmt checking methods 

may be ser:j..,us enough to influenc'e the result of a I'trend l' study. Even a change 

observed to occur simultaneously at several stations need not be real; it could 

have been caused by altered instructions or by rOUghly synchronized cI~nges in 

the exposure of instruments. 

As shown in Annexes VI and IX, most series of temperature and precipitation 

in Iceland appear to be more or less lacking in homogeneity during the period 

1931 - 1955. It seems probable that very few stations are virtually homogeneous 

during the longer period 1901 - 1950. The Reykjav{k series probably doe s not belong 

to this minority group, but as its lack of harrogeneity does not appear to be very 

serious) as far as temperature is concerned, it was selected as one of the series 

to be discussed. The homogeneity of the series of Teigarhorn appears to be rather 

more satisfactory) but it should be noted that the early history of this station 

is not ade~uately known. 

A general idea of tile temperature trend as it appears in the Reykjav{k 

series 1s given by table V.l. The values for the year as a whole do not give the 

impression of a slow and regular trend, but rather indicates a relatively sudden 

0 
temperature rise of about 1 near the middle of the 50-year period. The rise is 

particul~rly large during the winter half-year. 

Table V.l,	 Mean temperatures for successive ten-year periods of the 

twentieth century ~~d for the fifty-year period 1901-1950. 

Reykjav{k. (The monthly values were computed with two 

decimals but are gi yen in 'tuetable to one decimal only,! 
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J F M A 1'1 J J A s N D Year° 
1901-1910 -1.0 -1.0 0.2 2.4 6.2 9.8 11.4 10.3 8.4 4.2 1.4 -0.2 4.38 

1911-1920 -0.7 -0.8 -0.2 1.9 6.6 9.8 11.6 11.0 7.8 4.9 10 1 -0.7 4.34 

1921-1930 0.1 1.4 1.5 3.4 6.0 9.2 11.1 10.4 7.2 3.7 1.5 0.8 4.70 

1931-1940 0.2 0.2 ~Q 3.7 7.6 9.9 12.0 11.3 9.2 4.9 2.5 1.6 5.42· 

1941-1950 J:?!.1. -0.1 1.6 2.9 6.8 9.8 11.5 11.1 8.3 5.1 2.5 1.1 5.13 
, ':'-'. I).o/IJ- 1 .;J	 / .(- / 

,'/ [/ .., r'~'
j ')	 '~" ! / f:/-J1'7',11·· _~ ,:i j	 /1 Iv '0 / 

1901-1950	 -0.2 -0.1 1.0 2.9 6.6 9.7 11..5 10.8 8.2 4.6 1.8 0.5 4.79 
.5 ;£

IF , / .;.'? ;; 7 / 1, ! CI .70 / '" 
1...</

~, - I,'	 -, ~'< ,'( /7' cI"'! 

The nonnal statistical- approoch to the problem whether the climate has 

chaneed durine a certs.in period is to set up as a 'null hypothesis" that it bas 

not changed, and test the probability of this hypothesis (3, p2l.ee 5C). 

Taking the monthly mean temperature of January as an example, the null 

hypothesis miG1t be that the twenty values from 1931 to 1950 are taken from a 

'populationl'of monthly mean temperatures having an average value identical with 

the mean temperature of January 1901-1930. 

Tables V.2 and V.3 show the result of a computation following this method, 

for Reykjav!k and Teigarhorn respectively. Some details regarding the statistical 

parameters used in these 8D.d the following tables are given in the text above' table V.2.. 

Table V.2,	 By computation of "Student's t' (see, for instance, (3), page 65 

the collectives of Reykjav!k monthly mean temperatures for the 

period 1931-1950 were investigated with respect to their 

affinity or alienage to the collectives of monthly means for 

the period 1901-1930. The number P eives (for each particular 

month) the likelihood that a collective like the 1931 - 1950 

monthly means could arise when picking by chance twenty 

individual value s from a collective with the smne mean value 

as the monthly means for 1901 - 1930. ThUS, if P is very close 

to zero,'it is practically certain that ~ something has happened" 

~~ 



to the climate (or, of course, to the station). b is tile 

temperature rise per year shown by that straight line which 

gives the best possible linear representation of the fifty 

individual m,Onth1y mean values. Thus, the value of b for 

January, +.032, means that the straight line in this case 

a
rises 1.6 during the half-centu~. 

Mean tem- J F M A M J J A S 0 N D 
perature 

1901-1930 -0.6 -0.2 0.5 2.6 6·3 9.6 11·3 10.6 7~8 104 0004.' 
1931-1950 0.3 0.0 106 303 7.2 9.9 11.7 11.2 8~8 500 2..5 1.4 

Increase +0.9 +0.2 + 1~1 +001 +0.9 +0·3 +0.4 +0.6 +1.0 +0 07 +1,,1 +104 

"Student's til 2.1 0.4 209 2..1 2.6 1.9 2,,2 3.8 3. 2 2.3 3.1 3.7 

.05 ~ .1 .009 .05 018 .08 .04 .002 .007 .04 .008 .0°3P ('.e .'tJ't'e) 
l: (see'above) +..0)2 +.027 +0043 +.026 +.020 +,,001 +0007 +.018 +.lJ09 +.019 +.028 +oCE3 

Table V.3. Temperatures and statistical parameters regardins the 

'secuJ..e.r trend' of temperature at Teigarhorno ~::ee fnrTJ:.~~ 

t" ;rt above table V.2. 

Mean tem- J F M A M J J A S 0 N D 
perature 

1901-1930 -0.5 -0.2 001 1.8 4.7 7.9 9.6 9.0 7.1 4.0 102 002 

1931- 1950 0.4 -0.4 1.0 2.5 6.0 8.7 10.2 10.2 8.0 4..7 2·3 100 

Increase +0.9 -0.2 +0.9 +0.7 +103 +0.8 +0.6 +1.2 +0.9 +0.7 +1.1 +0.8 
or decreaB9 

IJ.Student"8 t" 2.0 0.5 2.3 2·5 4.5 3.8 3.5 6.3 306 2.7 4.1 20 5 

P (see text to 
table V~2) .06 .$>.10 .03 .022 .0002 .0012 .002 <.0001 .002 .014 00006 .022 
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The P-values of both tables are in several instances very low_ Seme of 

these values seem to be almost sufficiently low to prove that the climate has 

changed during this century; taking them together, and considering that the sign 

of the apparent change is positive in 23 cases out of 21, one might think that 

even the slightest doubt would be out of place. Still, it should be remambered 

that the homogeneity of the series is not SUfficiently corroborated, and probably 

cannot be proved to full evidence. 

The slope of the straiGht line which, would give the best approximation 

to the 50 individual mean temperatures for each month was computed for Reykjav!k, 

by means of Marvin's eminently time-saving method (see, for instance, (3), page 281) 

..§e.£.uE-.!: 1r~n£.s_ol ,£r§.clPit§..tlo,!! In_R~t.j§..v1.k:-a,gd_T.£i.B.a.!:h.212!,_J.,201-l9.i0_ 

Table V.4. Average precipitation and statistical parameters regarding 

the ~ecular trsnd' of precipitation in Reykjavik. (see further 

text abo'llie table V.2.) 

Averaee 
precipita­
tion (rom) 

J ~' III A ivi J J A S ° N D 

1901-193° 1°3 87 75 61 51. ?O 51 52 91 90 96 98 

1931-1950 93 58 68 48 41 40 49 77 80 94 82 84 

Increase or -10 -29 -7 -13 -10 -10 -2 +25 -11 +4 -14 -14 
decrease 

" 
,

\'l-Student s t" 0.9 5.2 0.9 2.5 1.8 2.8 0.4 3.4 1.3 0.4 1.6 2.0 

P (see text to».l (.0001 »~1 .022 .09 .011 >->.1 .003 ;> .1 ~) .1 :> .1 .06 
table V.2) 
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Table V05,	 Average precipitation and statistical parameters 

regarding the 'secular trend'of precipitation in 

Teigarhorn. (See further text above table V.~.) 

Average 
precipi- ll~ J , 0J l' F 1\. J ..;. .. S rr D 
tat ion (rnm) 

1901-1930 146 108 97 82 79 65 70 88 136 134 III 139 

1931-1950 147 93 92 77 77 72 90 93 125 127 111 148 

Increase or +1 -15 -5 -5 -2 +7 +20 +5 ....11 -7 +6 +9 
decrease 

'IStudent"s t"OoOl 1.3 00 43 0.38 00 17 0.62 1.25 0.37 00 68 0.56 0.38 0.54 

P (see text ».1 ).1 ).>.1 ».1 )-.1 ».1 ).1 ;).1».1 ;p ..1 ».1 j).1 
to table V02) 

Tables V.4 and V.5 contain the result of a similar investigation 

regarding th~ trend of precipitation amounts at the same stations. In this case 

there is a marked difference between the results, as there is a rather strong 

evidence of the reality of a decrease in precipitation in Reykjavik in certain 

months (mably February but also April and June) and, curiously enough, 01' an 

increase of the AlliJust precipitation at the same station, whereas the data for 

Teigarhorn are well compatible with the "null hypothesis'. Although it is not 

entirely out of question that there could be a considerable difference between 

the secular trends of precipitation at these two stations, ~le most reasonable 

explanation seems to be tr~t the precipitation series of Reykjav{k is not 

homogeneous. In fact this station is known to nave been moved on several occasions. 
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ANNEX VI 

PROBLEMS CON?JECTED WITH ·THE APPLICATION OF AN EXISTI:"lG SET OF 'NOJMAL
 

TEiVlPERAT"URES'" FOR 1901-19,0 .A."ID THE PREPARIlTION OF A NEW SET OF CORRE­


SPONDING NORMALS FOR 19,1-1960
 

1.nl1'2.d£c1i .Q.n 

"'Normal tEJllperatures' for the standard period 1901 - 1930 were published 

in "ve~r!ttan' for 1944. The nomal values for each month were given fur 56 

stations. 

In view of the scarcity of olimatological stations in Iceland - still 

more marked in earlier years - it is natural that much care was taken to 

utilize all available material. A complete series of temperature observations 

from 1901 - 19,0 was available in a few cases only; more often, the 'nomal' 

values bad to be computed from short series, e.g. 10-15 years. For this purpose 

the 'eduction method" was used. 

It is easy to imagine that normal temperatures computed in this way 

may need an adjustment. In the two following sections of the present Annex 

this problem is discussed fram various points of view. 

Although the mmlber of stations making temperature observations has 

increa.sed during later years, it is still insufficient to answer many questions 

of scientific and practical sieoificance. It seems advisable, under these 

circumstances, to start the preparations for computing monthly nomal tempera­

tures now for the standard period 19,1 - 1960. Some problems connected with 

this preparatory work are discussed in the three last seotions of the present 

Annex. 
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.Q.o.!!sl.s~el!.c;:[ .£h~c1fs_'O!. ~l.s!il!lLnl!.0.!!n..¥_t~m12.e1:a1U£e!!." 

The usual procedure when computing "nomal temperatures" from short series 

by comparing them with series which are complete, or more nearly complete, is to 

consider the temperature of each calender month separately. It is not custanary 

to try to adjust the resulting nomal temperatures of the twelve months by making 

special assumptions. 

It mi~lt, however, under certain conditions be desirable to obtain the 

best possible estimate of the nonnal temperature of each month, even if this 

implies sane additional labour. In such cases it seems reasonable to make the 

following assumption: 

Unless special physi?al arguments point to the adverse, the differences 

in monthly normal temperatures between adjacent and reasonably comparable stations 

should exhibit a smooth. not too complicated yearly variation, preferably in the 

fonn of a single, roughly sinusoidal wave. 

Support for this assumption can be obtained fran normal temperatures 

(based on complete series of observations) from stations on the continent of 

Europe. It might be possible, too, to find quite a number of exceptions, 

although, presumably, such exceptions would be due to an insufficient under­

standing of the physical conditions, as influenced by the character of soil 

and vegetation, the interaction of large-scale and local winds, etc. There seems 

to be good reasons to believe that the assumption holds true in Iceland, but 

the temperature observations made in Iceland do not offer equally good oppor­

tunities to test the assumption, because stations with complete series are few 

and mostly far-between; this fact is the very reason for trying to stretch the 
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material as far a.s possible. However, one example shall be given. The "normal 

temperatures" for 1901 - 1930 at Teigarhorn and Pupey, both on the east coast 

of Iceland, and tLe corresponding differences, are shovm below: 

J F M A M J .r A s o N D 

Teigarllorn -0.5 -d.2 0.1 1.8 4.7 7.9 9.6 9.0 7.1 4.0 1.2 0.2 

Papey -0.3 -0.1 -0.3 1.0 3.2 6.0 7.6 7.6 6.4 3.8 1.3 0.3 

{T) - (p) -0.2 -0.1 0.4 0.8 1.5 1.9 2.0 1.4 0.7 0.2 -0.1 -0.1 

In this case the assumption is confirmed, although it might be pointed 

out that tl:e winter minimum of the· difference is remarkably flat" 

For the practical aI~lication of the assumption, the most obvious method 

would be to compare the data for an individual station, A, \rith the data for a 

small number of neighbouring stations, e.g. B, C, D, and E. The annual variations 

of the difference s of monthly mean temperature, ! B ,.t1 C ' etc.. would
-A -A 

then, taken together, indicate whether the series of monthly mean temperatures 

of A could be considered as sUfficiently smooth. If, for instance ,1 
B-A ' ..:1. C-A 

and A D vary in a smooth manner while liE does not, this indicates
-A -A 

firstly that the A-series does not need to be smoothed, and secondly, either that 

the E-series needs smoothing or tLat E, for sane reason or other, is not a good 

reference station in this particular case. 

The method may be modified by comparing, e.g.. , station A with an 

'artificial reference station" which, symbolieally, might be called 1 (B+C+D+E). 
4 

The disturbing effect of one bad reference station, for instance E, is small in 

this case, and the result - showing the averaee temperature difference, month by 

month, between A on one hand and the station group B+C+D+E on the other - is well 

suited for a further analysis. 
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A concrete example of this met.hod is given in table VIol. 

Table VI.l.. Method of checking temperature 'normals' by computing 

differences betvreen the values to be checked and 

corresponding average values for reference stations. 

The smoothed differences were determined by careful 

graphical smoothing, and the 'correction' is simply 

the amount of smoothing applied to each unsmoothed 

monthly mean. 

;r F M A M J" J" A s o N D 

LJ~safoss -2~0 -1.6 -0.9 1.8 5.7 9.4 10.9 10.0 7.3 3.4 0.1 -0.9 

Hvanneyri -1.9 -1.4 -0.7 1.6 5.7 904 10.8 9.7 7.. 1 3.0 -0~3 -1,,0 

S!~umd11 -2.8 -2.4 -1.6 0.9 4.9 8.. 9 10.. 9 9.1 6.. 7 2.5 -0.8 -1 ..7 

St6rin~pur -1.. 5 -1.. 2 -0..8 1.4 5.5 9.4 11.2 9.8 6.9 3.3 0..1 -1.0 

4-btatic~, -2.05 -1.65 -100 1.4 5.45 9.3 10.95 9065 7.0 3. 0 5 -0.2 -1.15
 
avera:",e
 

~ingvelll. -2.9 -2.4 -2 .. 2 1.5 5.6 9.4 11.2 9.7 7.0 2.2 -1.1 -2.0 

Difference -0.85 -0.75 -1.2 +0.1 +0.15 +0.1 +0.. 25 +0.05 o~O -0,,85 -0.9 -0085 

• (smoothed) -0.9 -0.75 -0.1 -0.1 +0.15 +0.25 +0.15 +0.05 -0.25 -0.6 -0.85 -0.95 

Correotion -0.05 o +0.5 ··(l.2 o +0~15 -0.1 o -0.25 +0.25 +0.05 -0.1 

A minor weakness of the method just described is that it demunCk:' a deciBion 

in each individual case as to which stations should be used as reference stations. 

If the reference stations l perhaps by necessity, are very asymmetrically distributed 

around the station to be checked,_ the result may be biassed and false corrections 

introduced. 
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An alternative method which is based on the same principle but which, 

partly at least, avoids this difficlllty, makes use of the idea that instead of 

studying the annual variation of temperature differences between various stations! 

we !II&Y compare the details or the annual march of temperature at these stations. 

Although the difference between the two met~ods is purely practical, it is not 

entirely insignificant. 

The alternative method consists of two steps. The first step is to 

compute "sedond-order differences" of the series of monthly mean temperatures, 

for each individual station, as exemplified by table VI.2. The next step is to 

plot the second-order differences on maps - one map for each month - and analyze 

these maps. This analysis serves to reveal 'normals" which are more or less in 

conflict with the normals of neighbouring stations. If, for instance, the second­

order difference corresponding to March at a certain station is remarkably hien, 

then either the temperature rise fram March to April is particult~ly large, or the 

rise from February to March particularly small, or both; t~e simplest explanation 

would be that the March normal is too low and needs a posi tive correction. 

Table VI.2. Method of checking temperature 'normals' by comparing 

the second-order differences. (For fUrther explanation, 

see text.) 
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A certain disadvantage of the latter method is that the analysis of 

the maps is a rather SUbjective matter. It is difficult to be oompletely 'neutral~ 

if one for some reason or other starts out wi th the suspicion that a particula r 

station is unreliable. 

Although both methods are based on the same hypothesis, they diverge 

sufficiently in their practical application to supplement each other to a certain 

ex):.ent. They are both sUbjeotive, but not quite in the same manner. It should not 

be forgotten, however, that even if the two methods lead to identioal results, 

both indicating, e.g., that the give.D. 'normal temperature' of a certain month 

at station A is too low, this low temperature may be a real phenoolenon, which has 

knovm or unknown physioal causes. To give an example of this, the low 'nonn-al 

temperature' of March at ~ingvellir (table VI.2) might possibly be explained by 

the fact that usually the relatively large lake ~ingvallavatn is covered by ice 

during the greater part of this month: the presence of the ice may, during the 

process of melting at least, cause a sensible delay in the rise of the air 

temperature. 

The two methods just described were applied to the entire material of 

'normal temperatures' valid for 1901 - 1930 at Icelandic stations. The results 

were somewhat similar but by no means identical. Fortunately a third methild, 

based on a different idea but of approximately equal efficiency, could be applied 

to the same material. This third method is described in the following section. 

Ad..1~~el!t_o!~x.!.s.ii.!lB_n.Q.~ls_bZ]!t111z.!.na l:e£e!!.t_oJ2.s~rya.1i..Q.n!. 

Already when the 'normals' for the period 1901 - 1930 were canputed, 

same use was made of observations performed during the following ten years. As 
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it is beyond doubt that the regional temperature differences, disregarding 

the possible effect of inhomogeneities, are more constantfram year to year 

than the temperature itself, this procedure, although perhaps somewhat 

unusual, is	 perfectly sound. 

Now,as more than 25 years have elapsed of the following )D-year 

period, it is possible to go a step fUrther. For this purpose, as well as 

for purposes stated later, all available monthly mean temperatures for 

individual years from 1931 through 1950 were transferred to punch-cards, and 

five-year sums were computed by means of data-processing machines. 

Table VI.3.	 "Nonnal" temperature 1901 - 1930 and five-year mean 

temperatures for the period 19)1 - 1955 for each month 

and for the year. Husav!k. (Example of tables used for 

computation of five-year departures from monthly (and 

yearly) "no~"~l" temperatures.) 

J F M A M J J A S 0 N D Year 

Hlisav{k 

1901-19)0 -2.) -1.9 -1.6 0.4 4.4 8.) 10.2 8.5 6.) 2.7 -0.2 -1.2 2.8 

19)1-19)5 -0.) -1.4 0.1 0,,8 6.5 9.5 11.0 11.0 8.2 2.6 2.2 1.0 4.) 

19)6-1940 -1.6 -1.2 -1.2 2.) 6.7 9.5 9.8 10.7 8.1 4.6 0.5 -0.4 4.0 

1941-1945 -2.3 -2.2 0.5 2.1 4.9 8·3 10.5 9.) 8.0 3.7 2.0 0.2 3. 8 

1946-1950 0.6 -1.2 -0.5 -0.2 5·5 8.) 10.9 10.6 7.) 4.4 0.1 -0.5 ).8 

1951-1955 -1.5 -0.9 -0.9 1.2 5.7 9.0 10.7 10.1 7.0 ).6 1.) -0.7 3.7 

Table VI.~	 Five-year mean departures (1951-1955) from 'normal" 

temperatures. Excerpted from a table cor.tainine values 

for 40 stations. 

-79­



1951-1955 :r F M A M :r :r A s a N D Year 

S!.3tal1r +0.6 -0.1 +0.4 +0.5 +0.9 +1.1 +0.6 +1.0 +1.2 +0.8 +1.6 +0·3 +0.7 

Hrell -0.4 -0.5 +0.1 +0.6 +1.1 +1.0 -0.1 +0.9 +0.5 0.0 +1.0 -0.6 +0.3 

Lj6safoss +0.5 +0.2 +0. T +0.3 +1.1 +0.8 +0·3 +1.2 +1.0 +1.0 +1.9 +0.1 +0.8 

hngvellir +0.2 -0.5 +0.7 -0.2 +0.1 +0.1 -0.5 +0.6 -0·3 +0.7 +1.9 +0.2 -. +0.4 

If we compare the mean monthly temperatures at a particular station 

during individual years - or, to simplify the procedure, indivi~l~l five-

year periods (tab18 VI.3) - with the 1901-1930 normals, we find a set of 

departures, as exemplified by table VI.4, which we may check by cc:rnparing them 

with similar departures from otLer stations. To make this comparison, the 

deviatj.ons for each particular month and five-yenr period were plotted on a 

map; hence, altogether 60 maps were plotted. To cbtain ffi2.terial as complete 

as pospible, a considerable number of values for missing months were inter­

polated by ordinary methods before the five-year' m'3811 v'lllles were computed. 

The ln2.PS were a.'"Hllyzed with the object of obtair~ing a goneraliz.ed picture of 

the departure in each cDse, assuming that the gradient of this del'arture is 

not very steep and does not vary too erraticly. It was thou~t that the per­

missibility of tlJis assumption could be jll'l:;ed reasonably well as tlJe analysis 

of the map series proceeded. 

The analysis of the m2.ps from the four five-year perioos covering 

the epoch from 1931 to 1950 gave cons iderable support for the assumption and, 

hence, for the method. Althoueh the details of the analysis were rather 

uncertain in some cases, it seemed possible to read off from each map a 

...smoothed' departure for each stati on, for cC'.lnparison with the directly 

co~puted, un@lioothed departure. The differences between these departures were 
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tabulated station by station, as shown by table VI.5. Each table value was 

determined as the smoothed departl..<re, obtained through the analysis, minus 

the directly ccmpute d value taken from table s like VI. 4. The values of the 

table may thus be interpreted as a set of 'corrections' which, when applied 

to the directly computed departures, would make these fit perfectly well into 

the assumed general distribution of departures shown by the analysis. 

Table VI.52	 Table of differences between five-year mean del~rtures 

(as taken from tables like VI.4) and corresponding 

values 'smoothed geographically' (see text). Monthly 

differences -? +0.) or ~ -0.) are underline d. The 

monthly differences of each five-year period are added to 

give an indication of 'false trends', as described in text. 

fI ingvell i r .r F M A M .r .r A S 0 N D ~ 

19)6-1940 0.0 +0.1 0.0 +0.4 +o.} -0.1 0.0 +0.2 +0.6 +0.2 -0.1 +0.1 +1.7 

1941-1945 +0.2 0.0 -0.1 +0.2 +0.) -0.1 +0.1 0.0 +0.7 +0.1 0.0 0.0 +1.4 

1946-1950 -0.2 +0.) +0.2 +0.5 +0.2 -0.1 ~ +0.1 +0.6 +0·3 0.0 +0.1 +2(» 

1951-1955 +0.1 +o.} -0.1 .±Qt..4. +00} -0.1 +0.2 0.0 +0.7 0.0 -O.} -0.2 +1.) 

The use which can be made of tables like VI.5 is fairly obvious. If, 

for instance, the values for a certain station and month are consistently, and 

not negligibly, positive, we may conclvde that the normal value for that 

particular month probably needs a positive correction. In this case we do not 

have to make a reservation regarding special physical conditions, as these 

would almost oertainly act in a similar way during the normal period and later. 
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The analysis of the maps for the period 1951 - 1955 proved to be much 

.more difficult. 9ne reason may be the effect of minor, but accumulating 

changes in the tmmediate surroundings of the station, making the 1901 - 1930 

nonnals progressively less appropriate. The mean reason, however, seems to be 

that at a large number of temperature stations - in fact, more than 50% of 

those stations for which a normal is available and which were still in operation ­

the wall-screen was substituted by a freely, exposed, larger screen of Norwegian 

type at some time between July 1949 and September 1953; it is obvious that one 

may expect such a change to affect the departures for 1951 - 1955, and affect 

them differently at the different stations, if only for the reason that the 

changes did not all occur at the same time. Therefore, the departures for the 

period 1951 - 1955 had to be disregarded when trying to determine corrections 

to the normal temperatures. It seemed necessary, however, to study the effect 

of the change from a wall~reen to a Norwegian-type screen in sane detail, as 

described in a later section of this annex. 

Finally, the results of the three methods for adjusting normal tempera­

tures were compared. If the three corrections were not too different and the 

o
absolute value of their average was not less than 0.2 , a correction of the 

normal temperature was recommended~ A total of 696 monthly normals were checked, 

and a change was proposed in 34 oases. The proposed change was mostly 0.2 or 0.3°, 

o 0 0
but amounted to 0.4 in nine cases, to 0.5 in two oases and to 0.6 in one case. 

lic:m0.e.e.ue.1tz ..2.h~c.l6.s 

Tables like VI.5 were used for hanogeneity checks and proved t~ be 

well sui~ed for this purpose. As miglt be expected, most of the nonhomogeneities 
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which were found (or suspected) belonged, if sign1f'ic~t, to one out of two 

types: either the monthly mean temperatures during a certain period e.ppeared 

to devia~e in a rather similar manner, or there was a marked differnnce between 

the app~£ent average deviations during summer half-year and winter half-year. 

The sUnplest, though perhaps not the most probable, explanati~n in the first 

case would be an instrumental error, and the most obvious explanation in the 

latter case would be some ohange in the exposure. 

The homos~neity checks were, for stations where normaLs for 1901 - 19;0 

were availFible, based on these normals and 011 five-year monthly means fran 

19;1 to 1950. 'l'he material for 1951 - 1955 wus not utilized for this study" 

for reasons given above. 

Among 56 stations checked, there were ;6 for which departt~es for three 

or four five-year periods were available. 15 of these stations were found to 

be homogeneous or very nearly so, while 21 appeared to be more or less non­

homop;eneous. The amOU-TJ.t of the fi va-year monthly departures assumed to be due 

o 0
to nonhomogeneity vms mostly 0.2-0.4 but in a few cases 0.5-0.S • 

A document statine in brief the results of the homogeneity checks for 

each individual station was left for future use at fe~stofan~. 

A §'p,!claJ:. !1..or~o.se!leltz :e,r..Q.b!.em.: _ ,!f!,es:.t_o! .!! s:.h~E.fLf!.O!!l. !.Il-11=.s.2.r~e!!.B_ 

10_fl:e,!lZ ,!xJlo~e£...!0l:e~n~ .!!t_I.2.ekJ.n.dlc_s1a1i.2.n~ 

Until about 1949, nearly all temperature observations in Ioeland were 

made on thermometers placed in small screens attached to the outer wall of a 

building, sometimes near a window. In several Oases the wall on which the 
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screen was fastened was exposed to direct sunshine in the early morning or 

the lr,te evening during part of the year.. 

lU1 important renovation was initiated in this respect in 1949.. From 

then on the wall-screens have been replaced by freely exposed screens at the 

majority of the temperature stations. This is a definite improvement and sh~uld 

be appreciated as such in spite of two facts which may tend to reduce, to sane 

extent, the favourable effectE of the change: firstly, the wall-screens are 

probably not eQually inferior to the freely-exposed screens here as they wouid 

have been in a less windy climate; secondly, t.t would have been ad~antageoUB 

from some points of view if the period of renovation had started a little 

earlier and had not been concentrated in a few years, as this concentration 

makes it difficult to determine tho effect of the chP.nge at any individual 

station" 

I t may also be remarke d thatit would have been very fort una te if 

fairly long series of parallel readings of wall-screen temperatures and Norwegian­

type screen temperatures had been available from a mnnber of stations. Mainly 

for economical reasom~, it has not been possible to secure such an arrangement. 

Therefore, it 7fas neceDsary to use an indirect method for estimating the effect 

of the cr:.,mge of exp03ure" This indirect method gives less reliable results in 

each case tl1an a serie s of accurate parellel readings could have done; in fact, 

it does not seem to permit definite conclusions as to the magnitude of the 

effect in an individual case, although it does allow a fair estimate of the 

nOlmal ma3TI-itude of tbis effect under the conditions prevailing in Iceland. 

The method in question was based on comparisons between station pairs; 

cf each pair, one, referred to as the main station, experienced a change from 
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wall-screen	 to freely exposed screen) while the other station) called the 

reference station, remained unchanged (as far as known, anQ certainly in this 

respect) during the period of comparison". The length of this period should be 

sufficient to cover all seasons both before and after the change, but if the 

comparison were extended over many years, there would be a oonsiderable risk 

that irrelevant changes ocouring at any of the stations might blur the results. 

As a comprcmise, periods of four years were used whenever possible: two years 

before the changew6s made, and two years after that time .. The month during whioh 

the chan8e occ't1l'nd vas di,sreprd.e4. 

Table VI.6.	 Differences in monthly mean temperature between Hdsav!k 

and Raui'arhofn the last two years before, and the first 

two years after. the wall-screen at H5sav!k was substi ­

tuted by a freely exposed sCJreen.. (RaufarMfn had a 

screen of the latter type during the whole period.) 

Po·si tive valu~s indicate that the temperature of Hdsav!k 

was hig:ti.er than that of Raufarhofn. For further explana­

tion, see text. 

{ 
J F M A M J J A S 0 N D 

+0.1 +0.9 +0.8 +0.5 +1.5 +2.4 +1.9 +1.8 +1.5 -0.2 -0.2 -0.5 

{ 

-0.6 -O.} -0..7 +0.2 +~.O +2.2 +2.0 +1.5 +1.6 +0.6 -0• .,. +0.4 

~ I -0.) +0.6 +0.1 +0.7 +4.5 +4.. 6 +;.9 +}.} +}~1 +0.4 -0.9 -0.1 

+0.6 -0.4 +0.4 +2.0 +2.5 +2.1 +1.5 +1~8 +1.} +0.6 +1.1 +0.; 

II 
+O~9 +1.5 +0.9 +0.7 +2.} +2.8 +1.7 +1.1 +0.4 +0.2 +0.2 +0.6
 

~ II +1.5 +101 +1.; +2.7 +4.8 +4., +~.2 +2.9 +1.7 +0.8 +1.. ; +0..9
 

2II :- ~I +1.0 +0.25 +0.6 +1.0 +0.15 +0.15 +o.}, -o~2 -0.7 +0.2 +1.1 +0.5 
-2-­

• smoothed	 +O.T +0..6 +0.6 +0.6 +0.4 +0~1 -0.2 -o.} -o~2 +0.2 +0.5 +0.7 
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The practical arrangement is sh~~ by table VI.6. The numbers of the 

two upper lines give the differences of monthly mean temperature between the 

main station and the ,referenoe station (positive, when tte main station was 

wal'lller) during a 24-month period directly preceding that month in which the 

change was made at the main station. The numbers of the next line of the table 

give the two-year sums of ~leBe differences for the respeotive montbs. The 

lines 4-6 refer oorrespondingly to the 24 months after the change. The numbers 

of the seventh line represeIlt unsmoothed V'alues of the "effeot' which may 

presumably be asoribed to the change of exposure at the main station. The last 

line eives the corresponding V'alue s after repeated smoothing (two or three 

a+2b+otimes, as required) by means of the fonnula = ,.b1 4 
The unsmoothedV'alue s generally showed large and irregular variations 

from month to month~ This might haV'e been expeoted as the effeot of the ohange 

of exposure will be overlapped by real differences assooiated with the general 

pattern of temperature departures of each individual month. the real differenoes 

being of the same order of magnitude, at least, as the effect to be studied. 

The smoothed values usually. but with sane notable exoeptions, showed an annual 

variation roughly of the type whioh might be expected for physioal ~easons: 

after the change has been made, the summer temperatures appear to be slightly 

lower than before, or the winter temperatures slightly hi£jl.er; somet:lmes both. 

The ex~eptions may be due to effects of the "random" factors regulating the 

temperature distribution of indiV'1dual months, or they may be oaused by an 

unrevealed or disregarded nonhamo~ene1ty of tbe referenoe series. 

Considered as a whole, the smoothed V'alues (or, for ,that matter, the 

unsmoothed values) for the different station pairs may be assumed to g1 ve a good 
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estimate at the overall, typioal etteot ot the ohl!llge tram. a wall-soreen to 

a Norwegian-type sareen under the oonditions usually experienoed at Ioelandic 

stations. Table VI.7 shows average values based on '7 canparisons. The ntmlber 

ot 'main stations' used was 26; in eleven oases, two reterenoe stations were 

used. The values ot table VI.T were oomputed by giving all }7 individual sets 

ot values the same weight. 

Table VI,I. Mean values ot }7 single (SlIloothed) values, showing the 

'typioal' etteot on monthly mean temperatures ot an 

Ioelandio station wben a waU":'soreen is substituted DY 

a treely exposed soreen. 

J F M A }( J J A S 0 N D 
Mean ot
'7 single +0.18 +0.18 +0.12 -0.02 -o~l8 -0.27 -o~28 ..0.17 ...0.08 +0~01 +0.08 +0.1' 

( l!lIloothed) 
values 

The result as shown in table VI.7 oonfims that the nOl!llB.l etteot ot 

a shift tran wall-soreens to treely exposed soreens is tound also in Ioeland. 

It may perhaps also be said to oontis the above-m.EIltioned aS81JIIlption that th1e 

etreot, when expressed in absolute measure, is snaller than that generally to'U!l4 

in other oountries. However, this does not 1Jnply that the etteot eould be 

neglected. There are good reasons tor being metioulous when Wling and 41aouss1Dg 

t8lllperature measurements made at Ioelandio stations. 
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ANNEX VII 

~JlAR.l(S ON HUMTJITY ME:ASU1m.'IENTS IN ICElAND 

When a network of climatological stations was established in Iceland 

by the Danish Meteorological Institute (1874), the main stations were equipped 

with we~ulb ther.nometers. For these stations, values of vapour pressure and 

relati'le humidity Wel"8 published in the extens(>.-tables of the Meteorological 

year.-book (4); monthly mean values were also pUblished.. This continued until 

1923, and in the course of these fifty years some ordinary climatological 

stations were also equipped with wet-bulb thermometers, althou~ for such 

stations only monthly mean value s were published. Little or no further use 

seems to have been made of this rna terial. - The readings of wet-bulb thermo­

meters have been continued without interruption; in 1957, such readings were 

made at 42 stations. In the case of synoptio stations, the readings are used 

for dete:rmination of relative humidity or dew-point as required by the weather 

code. However, no humidity data bave been pUblished in "'ve~rattan" or elsewhere 

since 1924, and as no other reg~r use was made of the data, the ccmputation 

of humidity values not required for specific purposes was suspended, during 

many years, for most stations. This may bave had unfavourable effects regard.ing 

the quality of humidity observations, as these were no longer regularly checked. 

Inspections of the stations have, until now, been much too sporadic to secure 

reliable observations on this point, which is known to be a crucial point for 

the average observer. 

ThE! above statements might give tm impression that humidity measure­

ments in Iceland are considered to be of little value. However, this impression 
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is not quite correct. The main reason for not making full use of the available 

material is that the computational .work required for that purpose would take 

too much time. An additional reason is, admittedly, a general feeling that the 

quality of the aTailable obserTations is not quite satisfactory. 

In fact, the humidity of the air is not a negligible factor of the 

climate of Iceland, and the staff of Ve~urstofan is well aware that it is not. 

Its main importance is found in relations to agriculture and, perhaps, forestry~ 

The high humidity often experienced b.g. in late summer is unfavourable for hay 

production, and the low hwnidity sometimes associated with strong winds in late 

spring seems to be unfavou~dble to reforestation. 

It seemed worth while, therefore, to consider whether a fuller know­

ledge of hQ~idity conditions in Iceland could be gained without an excessive 

amo'L~t of computations. The possibilities in this respect were discussed during 

my stay at veaurstofan, but the actual computations were no'" started un'\U 

shortly before I left. Therefore, the following discussion is based on considera-

Uons more tban on facts. 

A minor prob~em of some practical significance was considered at first, 

n[@ely whether it was permi8Gibls, in view of the weather cor-ditions prevailine 

in Ic~l3.nd, tQ computl) monthly means of relet ti'Ie hw'lidity from monthly means of 

dry- and wet-bulb t:lermometer readL-:t.:is. This was found to be the cuse, as might 

perhaps have been expected when considering 1;:1e moderating influence on air-mass 

properties exerted by t~ surrounding ocean: the effect of different procedures 

on the resultine monthly mean of relative humidity appeared to be negligible,

j 
hardly ever exceeding 1%. 
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The next step was to set up tables showing the aIlnual and diurnal 

variation of mean relative humidity at seleoted stations. The first few tables 

of this kind indicate that, in ooastal areas at least J the annual variation of 

the relative humidity is small, Mayor June generally being the driest month. 

The periodic diurnal variation iS J for natural reasons, negligible in winter 

and not very large in swruner. 

The frequency distribution of relative humidity at various times 

of the day and ~he year is probably of gre~t9r practical importance than tie 

mean values. The variatio:J.s from day to day are often considerable, although 

very low humidi~ies (below 4q%) are unusual except under special circmnstances 

(fohn) .. 

The analys is of humidity conditions in Iceland misht continue along 

t~e lines indicated above, until a clear ani reasonably complete picture has 

been arrived at regariins tl~ regional and seasonal variations of relative 

humidity, including frequency distributions. A furt'J.er development, prObably 

equally importwt frQ.!l a practical point of view, would consist in stUdying the 

frequencies of possiblfl canbinati::ms of, e.C., temperature and hu.midity, or 

Wind velocity and humidi ty. 'fhe S8 studies should, of co IJ.I'Se, bo limited to such 

observations which are found to be reasormbly t~ustworthy. 

The future pro'Jlffil of humidity measurEments in Icelnnd is p3.rtly a 

problem of using the instrument best fit fur the circum.stances. The computational 

w(rk will be reduced to a very cmlsidcrable ext~nt if it is found t~1at the 

psychramete.r method can be replaced by readi:lgs of first-class hygrometerE:. 
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,ANl~ VIII 

PRElJMINlillY ANALYSIS OF PRECIPITATION DATA :mOM ICElANDIC S']A,TIONS 

DURI~G YrlE PERIOD 1931 - 1955 

Qe!!.e£al1:~a.!:.k;,!! .£n.J>£e£.i.;Q,iiaii.£n_~a..!!u£a.!!.e.!!.t..!!.in_I.£e1.8:!!.d_a!t~r_l.23Q 

The number of Iaelandio stations measuring preoipitation at the 

beginning of 19}1 was slightly above 25; near the end of 1957, it was 72. In 

the tirst case	 it was a little lower than the -number of stations measuring 

temperature;	 in the second, a little higher. 

The rain-gauges used during the entire period are of the Hellmann 

type. During the last ten ,years, a considerable number of the gauges have been 

eqUipped with a Nipher shield. The need fo~ this measure is obVious, in view 

of the prevailing wind conditions in Iceland and the fact that a considerable 

part. of the precipitation falls in the form of snow.. 

The question of hcmogenei ty of the precipitation stations requiI'ed a 

special 9tudy, smmnarized in the follo\ung section. 

The nwnber of	 precipitation stations in Iceland is at least one order 

of magnitude too small to permit a direct lnapping of normal precipitation, or 

of actual precipitation during e.g. one particular month. The orography of the 

country is partly extremely rugged, as on the northwestern peninsula and near 

'.I	 
the east aoast. The combined effect of orography and prevailing wind conditions 

on the amount of precipitation must be extrrnnely complex in such regions, and 

the re are indiaat ions tha t in othe r reeions, too, the pat ter'l of average pre­

cipitation is more complicated t;1an one might expect, with remarkably steep 

gradients even where the differences in alti tude are quite moderate. 
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None of the regu:J,ar precipitation stations is situated above 500 Ill, 

althoug.1t more than half of the area of Iceland is above that level.. There are 

two possibilities for estimating -&-fl6"' amount of precipitation of this part of 

the country: by theoretical reasoning, or by utilizing measurements of the flow 

of the rivers .. The latter possibility meets with special difficulties in Iceland 

oeca~se of the large storing of water in inaccessible lL~dereround reservoirs .. To 

crnapute the water balance includes estimating the evaporation; in other countries t 

this is often the main difficul~J.. No measurements of evaporation are known from 

Iceland apart fram a few series made on glaciel-<:;. Although one mi(jlt expect the 

evapor'ition to be Iowan account of the low SlUllmer temperature and the usnally 

rath~r hieh humidity, the high £requency of strong winds acts in the opposite 

direction, to an extent which it is difficult to estimate. 

A series of water-flow measurements has been made in a greater J;E.rt of 

the rivers of Iceland wlrins recent years, and the results have been analyzed by 

Sieurj6n Rist (7) .. By means of these series, it should be possible to arrive at 

a preliminary estimate of too J'IDan norml precipit.ation in many interior areas 

of Iceland, but the values thus obtained will usually be mean values for rather. 

large areaS.. To obtain a more detailed picture it is necessar,f to make actual 

measurements of the precipitation. In some ce.ses this ;1JB.y be possibl," by me:.lllS 

of totalizers placed at stl"dtee:ic points" il. small-scale experiment of this type 

has been carried on for sane years in the precipitation area of IA.ke Hvalvatu, 

but the results are too incomplete, &~d partly not sufficiently reliable, to 

allow d.efinite conclusions as to the potentialiti'3s of this metrloo.. 
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It is difficult to formulate a definite :prosr~tm for future precipit.:ltion 

studies in Icelood. It goes without s~ying thf-l.t an incre'lse of the number of 

ordinary stations is very desirable but there will be no possibility of 2.Il 

increase sufficiently large to solve the whole problem. In particular, 0~18r 

methods, probably along the lines i:ldicated above) mnf1t be used regardint: the 

lli~inhabited part of the country. 

lio!!!'0£e.£ei.tz .QI~elfs..:.. _Jll£th.o,£ .s,n.2,. .E.eliul t .2. 

Even a superficial study of the annual aJ'TlOlL'lt of precipitation InO['.sllrod 

at different stations during the last decQdes in:iic:"tcs that some of the series 

are not homogeneous. Checks had to be made in order to determine the nature and 

degree of exist ing nonhor'legenei tic s. The practical problem was rendered more 

difficult by the fact that a larGe part of the series were ~uite short. In parti­

cular, not a single complete series was avO-ilable from the northe:~sternmoDt part 

of the country. 

For the homogeneity check, only the yearly ~noilllts of precipitation were 

utilized. These were tabulated station by station, and the cwnulative ~lOunts 

were "Tritten down for euch year. In the CCi.se of a corr..plete series) the lust number 

thus indicated the total precipitation amount for the entire period. The clw\ula­

tive series' for selected pairs of adjacent stations were then com.pared by means 

of 'double-mass' curves. It proved possible to ascertain) in most cases witt a~ 
fair degree of confidence, whe the r a serie s was homoe;eneous ) and if i t alJ:~:eaI'ed 

that this was not the case, the nonhomo::;enei ty could be stuJ.ied in detail e It may 

be noted that short serie s were sometime s us efnl when che ckille; the h 01:1 0 cclitdty of 

station having longer series. 
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There are same important limitations to this method. As far as 

possible, the distance between stations campared with each other should not 

be laree; if this precaution were disregarded, real differences in average 

precipitation during several years might, wrongly, be taken as indications or 

a non-homogeneity_ It miG-~t be mentioned, too, that occasionally the analysis 

of the double-mass curves was a rather SUbjective matter; sometimes as many 

as six or seven curves had to be constructed before a definite conclusion could 

be arrived at for an individual station. 

A total of 65 stations were checked for homogeneity. Of these, 23 having 

series of 10 years or more, and 7 havine shorter series, were found to be homo­

geneous or nearly so, while all other series showed indications of a more or less 

serious ron~omogeneity. In eight cases the degree of ~omogeneity was such 

that it would seem preferable to split up a series into two. In 10 cases the 

precipitation totals of one year or a few years appeared to be in error. 

A detailed account of the homogeneity stUdy was placed at the disposal 

of Veaurstofan. 

M.e'§p'.J~aKlz .l2.r~ciP.!.t!!.t.!.o.!!.:_l!lFi.ef 1i..§.c2:!s~i.2n_ 

A series of 'normal' monthly and yearly precipitation values 1'or 1901 ­

1930 for 17 Icelandic stations was published in "ve~rattan 1942. The quantita­

tive insufficiency of this material has been 1'elt quite seriously. For this 

reason 25-year mean values of yearly precipitation (1931 - 1955) were computed 

for as many stations as possible. The result is shown by table VIII.l. In this 

table, two values have been given 1'or stations showing clear-cutn~omogenelties. 

The number of years oovered by each series, or each partial series, is stated. 
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Table VIII.!' PreHminary values of mean yearly precipitation 1931­

1955 and; for comparison, normal precipitation 1901­

1930, if available. The ntmilier of years of observations 

is also given. \Vhen determining this nwaber, years with 

incomplete or doubtful observations were in most cases 

included. Series showing a marked non-homogeneity are given 

as if belonging to two stations, labelled, e.g., Hamraendar 

I and Hamraendar II. 

Station Average precipitation Nwuber of years of obs. 
1901- 193° 1931- 1955 1931- 1955 

ReykjavIk 904 799 25 

Rafmagnssto~in 885 21 

Hvanneyri 896 101°°3 

Rafin. Andakfl 1478 6 

S!!umdli 709 21 

Arnarstapi 1406 20 

Hell issandur 897 21 

Styldcish6lmur 680 760 25 

Hamraendar I 750 10 

8504 

Reykh6lar 681 7 

Lambavatn 965 11 

Su5ureyri 902 1076 25 

Bolungarvf'k I 633 10 

I " II	 910 9 

• II 

Hesteyri 538	 6 

8Horn 113° 

8Hornb jargsviti	 1171 
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Station Average precipitation
 
1901-193° 1931-1955
 

Kjorvogur 791
 

Graenh611 562
 

Hla~a1ll3.r 509
 

N"5psda1stunga 393
 

Blondu6s 418 479
 

Hraun ~ Skaga 614 660
 

Nautabu 420
 

Maelifell 552
 

Skri~uland 483
 

Hraun ! F1j6tlL'll 614
 

Sigllmes 622
 

Akureyr1 465 481
 

Gr{msey I 307
 

n II 504
 

Sandur { Aaaldal 463
 

Husavfk 509 522
 

Reykjah1!~ I 354
 

" II '37
 

Gr!mssta3'ir I 329
 

II 472
" 
Raufarhofn	 I 550
 

II 859
"
 

Skoruvf1r 640
 

Ska1ar 343
 

Hof!l f Bakkafirh 496 532
 

Hof f Vopnafir31 540
 

Fagridalur 831
 

-,,­

Nurr.ber of years of obs.
 
1931- 1955
 

22
 

15
 

7
 

24
 

7
 

10
 

10
 

21
 

19
 

25
 

12
 

11
 

21
 

25
 

12
 

6
 

12
 

8
 

12
 

8
 

9
 

8
 

12
 

6
 

24
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Station Average precipitation Numbers of years of obs o 

1901-19}0 19}1-1955 19}1-1955 

Mo~rudalur 519 7 

Gunnhildargerai 449 6 

Hallormssta~u.r 696 

seychsfj or~ur 1442 17 

Dala.tangi 1417 17 

Vattarnes 1270 14 

Teigarhorn 1256 1}00 \' 25 

Djupivogur 1226 12 

H$lar f Hornafirdl 1639 25 

Fagurh51smyri 1828 1652 \ 25 

Kirkjubaejarklaustur 1681 25 

Vfk f Myrdal 209} 227} 25 

Loftsalir 1455 16 

Vest,11ar..naeyjar (St6rhof~i) 1241 1}89 25 

samssta3ir 989 980 25 

Eyrarb~-,.kl:i 112} 1}37 25 

"Clflj6tsvatn 1780 

I 

.5 

Lj6so.foss 1610 18 

~ingve11ir 1276 21 

Grin:lavfk 1197 24 

Reykjanes 1039 18 

Vfaista~ir 1091 14 

The most striki~g featlITe shovm by the precipitation figures is 

perhaps the large local variations in several parts of the country. Even 

stations situated very close to each other and with no very obvious differences 
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as to local orography may show differences of yearly precipitation amounting 

to 30% or more. 

Another striking fact, well known from earlier tables of normal 

precipitation, is the large contrast between the northern and southern parts 

of the country. SOUUl of a line from Reykjavik to ESkifjor~ur. no station has 

a yeclrly precipitation averaee beloVl 1000 nun, and one station, Vik i :M§rdal, 

ncar the southernmost point of Iceland and just south of M§r1alsjolcull, h2..s a 

mean value well above 2000 mm. North of t;hs line fran ReykjavL: to Eskifjor~l.lr, 

only a ffjw coastal st:J.tions receive 8-'1 amount of more t:r.an 1000 nun, and at most 

stations in t~e north-central part of the country the average is samew:r.at below 

500 nun. 

It has not been possible to eo very far into the question of the 

reliability of precipitation va111es as reported b~r the stations. There are some 

indications thet tJ,e precipitation durinc t:ne winter lTlay be considero.bly lnrger 

than t:-c;) reported alllount, above all in northern districts" The snow which then 

d~ninates in this part of the country, is often of low density and, even if the 

wind is only moierately strong, extremely diffic\ut to measure in a reliable 

m&~ner. At most stations near the eastern, southe~, and western coasts u 

considerable amolmt of precipitation falls when the wind is ~ strons, and 

in such cases even the correct measurement of rain is difficult, in particlllar 

if the rain-Srillge is unshielded. 

In cases where a precipitation normal for the period 1901-1930 is 

available, these vallills are included, for camparison, in table VIII"l. It is 

seen that in most cases the values of the new set of normals are sO:ilewhat larger 
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than those of the old series. To some extent this difference may be due to 

changes in the exposure of the eauees, or to the introduction of the Nipher 

shield (page 37). 

~~lJ:!nin.!lrz .§.t~dle.§. !:.eg,a£,dlng, .!.h~ llel:c~n1.8.£e_o! il.e~r'!y_r~i,!!f.!111:. 

1!.o~Jdy_o.£c.!¥".!:i.!!€Ld:!!.rln.£ i¥Li.rrdl vl d!!.al B!,0l!.th. 

For a discussion of the typical distribution of precipitation during 

the year the following symbols are introduced: 

Annual mean precipitation at station A: (py ) A 

Mean precipitation for January, l"ebrua.I"",{, ... at A: (p1)A ' (P2)A ... 
Mean shure of annual precipitation at A received 

during January, FebI'1.k'1.I;,r, ••• (Pl)A' (P2)a ••• 

(Pl )A ;'where (Pl)A :: • 
(p ) Ay

If a series of observ~tions station B is i~completo, coverine, for 

inst~ce, tsn years, we may compute (Pl)B ... by the quotient method,
J 

using A as 0. reference station: 

(p ) Ii­
(Pl)B == 1 B • (P )A (E,) "!" l - .:~ 

where the sta.r indic3.tos mwm vulues for the to:"! years for \':2ic11 observed vaIues 
.. 

arc ~vail~ble at B.
 

" Another possibility in such cases is to assume th,:,t
 

\f. 
(Pl)B - (Pl)B* == (Pl)A (Pl ) A ; 

as (Pl):' (Pl) A and (Pl)~ can be determined from observed data, (l\)B mo.:,. be 

calculated. Obviously. 

ja It 

~ (r~)O 
.,;~ 

-= L 
1:(, if 

( , 'I
p~) ~ 

,:l. I~ * 
+~ (PlJ}4 -L: Ir-l) :/1-1-1=1 

I J fl 
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The two alternative methods usually lead to similar (thoughllot 

identical) results) and the amount of labour is also comparable. As it was 

thouGht that five-year mean values of the figl~es showing the share of the 

annu8.1 precipitation reveiced in eaCh month might be of SCll"le interest) the latter 

method was preferred. To reduce th& computa-;ional work, only 5-, 10-, 15- aJild 

20-year partial series were used, but missinc monthly values for up to 18 

successive months were ir~erpolateJ in ordor to obtain as complete tables of 

five-yeur me~n precipitation as possibleo A sliehtly rnodified prOCedlITe ~~s 

followed when only one or two five-ye~r psriods were missinG in a series of 

obserVL.tions. 

The ifJ:"'slir1i:l:-::ry	 re:1ll t of the i!l"\"lS8ti~8.ti811 is s1JI.r::.c.rized in tuble 

VIIIo2. The shar,) values for t.:c.e ind.i viQua1 stJ.tiol1s were further nsed for the 

cOl:'.pu7,c.tion 0:::'	 absolute amounts of monthly mean precipitation) as deSCIibed in 

the follGwinc	 section. 

Table V"111.2.	 ApprOXlr:late lUo:lthly sharGu of tot8.1 p::.'oci;itc:.tion. 

'='1:U t:::.blc is based all l'rf)~ir',innry COlYJplltc,t:'0:.1G fro:rr.. 

the pr8cipitc.tion data for 1~31-195~ ~ni is intended 

to Civo a fir:::t orientation only. 

I-li~~(,8t .'\:rea of hizhnct values Lowest ~rsn of lowest Vclues 
v~,lu(;3J j; v,-,lu8E) ;~ 

J 1l~12 (a) Rc:rl::j~rlfk area 6-8 Most of northern Iccl,md 

(b) extreme SE IC8land 

F 8-,9 1',,restcrTl Icelc.nd 4-5 Extrill18 IE Iceland 

M ~-9 l.'Tect~rn Ics:.and 4-5 Extrsl'l e NS I celr.;.nd 

A about 7 South coast about 5 Extrc;r.·,e T-JE Icehnd 
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Highest 
values, % 

Area of highest values Lowest 
values, % 

Area of lowest values (oont.) 

M about 6 (a) Westermost looalities 4-5 Most of northern Ioeland 

(b) E part of south ooast 

J' about 7 Small areas in different (a) Reykjav!k area, 
parts of Iceland 4-5 

(b) extreme NW Iceland 

J' 10-12 Extreme NE Iceland 5-6 Brei~afjor~ area 

A 11-13 Extreme NE Ioeland about 7 Extreme NW Iceland 

, 
.. s 12-14 Ooastal areas of 

northern Iceland 
8-9 Reykjav'tk area 

o 

N 

D 

12-16 

10-11 

about 11 

Local ooastal areas 
northern Iceland 

Western Iceland 

Extreme SE Iceland 

in 10-11 

about 

8-9 

9 

Eastern part of south coast 

Central a.TJ.d eastern part of northern 
Iceland 

Small areas in western and. northeastern 
Iceland 

,&b.§.olU;ie_8!!l0,Wl.:~..s_01. n.o.r:rl£.lJE.e.2,.iJ2,i,ia,ii.2..Il..J.. ;Ql0llt..h. gy_mQ.I'--.ih_ 

Monthly mean vclues of precipitation for the period 1931 - 1955 were 

computed for a number of stations. In the case of incanplete series, the mean values 

were computed from the monthly shares discussed in the previous section, for instance: 

(Pl)n = (Pl)B • (PY)B .. 

Table VIII.3 conk,ins monthly avera3e v::.'.1ues of the precipitation 1931 -

1955 for 14 stations. The stations were selected for tl:is purpose because they had 

complete or approximately con~lete series which were also homoeeneous or nearly so. 

Table VIII .. 3. Preliminary values of mean monthly precipitation 1931 _ 

1955 at selected stations havinc relatively long a.TJ.d 

reasonably homogeneous series. 
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J F M A M J J A S 0 N D 

Reykjav!k 92 63 65 49 39 39 51 71 73 92 80 82 

S!~uml1li rn 60 60 48 36 46 56 68 11 82 65 60 

Stykkish6lm.ur 86 68 69 45 37 37 38 54 78 85 83 81 

Lambavatn 69 61 57 46 50 47 62 75 96 94 87 86 

Su~ureyr1 110 99 84 62 40 42 46 67 13° 154 123 121 

B1andueSs 34 33 37 29 20 32 46 51 59 58 39 41 

Alrureyr1 42 40 44 32 21 22 35 40 50 58 43 53 

H"6.savfk 31 26 26 25 1°.­ 36 50 57 69 87 48 48 

Fagrida1ur 50 32 33 45 40 57 109 116 110 98 82 67 

Teigarhorn 139 93 88 80 71 67 84 94 129 140 119 144 

He5l.ar ! 
Hornafir~1 204 115 126 110 85 81 95 122 166 169 181 184 

Kirkjubaejar­
k1austur 150 109 13° 1CS 102 127 125 166 177 184 169 169 

Vfk i Myrda1 184 160 166 169 136 161 178 202 243 233 205 233 

Vestmanna­
cyjar 142 107 106 96 75 79 86 116 131 160 136 153 

As indicated by the table and confirned by correspondine; values for 

supp1ementa17 stations) the lGrgent precipitation amounts occurring at Icelandic 

stations are found throughout the year in the southernmost part of the country, 

and abnost consistently at the station Vfk f M§rda1. At this station the driest 

month) May J receives on an averace 136 rom) while the five last months of the 

year all have between 20C and 250 mmo On the otr£r hand) most stations in 

western and northern Iceland have monthly precipitation values below 100 mm 

throughout the year) and receive less than 50 mIn during April) May and June g 
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At some stations in northern Iceland only a few months J mainly September and 

OctoberJ receive more than 50 mID, while MaYJ which is tP2 driest month nearly 

everywhere, gets about 20 nun .. 

If we compare the provisional values of mean monthly precipitation as 

given in table VIII .. 3 with the normal values for 1901 - 1930 as pUblished in 

~e~r!ttan~J the differences are far fram being uniform.. There is a tendency 

that positive differences dominate at some stations, and negative at others. 

However, during the months August - October nearly all stations showed an 

increase of precipitation from period to period. This increase is very marked 

at vfk r M§rdalJ which exhibits for the period June through Octohe:r a sum of 

1117 nun for the period 1931 - 1955 as compared with 785 nun during the preceding 

30 years. At this Plrticular station, however, the increase of sumner and autumn 

precipitation is partly compensated by a decrease during the three first months 

of the year, from an average of 616 to 510 .. A similar decrease is fOlll1d at 

Vestmannaeyjar. 

It is suggested that the study of monthly mean values of precipitation 

in Iceland be continued, taking into account all available data. 

-103­



AKNEX IX 

FREQUE.NCY STUDIES REGARDING DAILY iIMOm'lTS OF PRECIPITATION AT ICElANDIC STATION3 

DURING SELECTED M01'THS 

1.hQ. !!!,a.ie.!:i~l..:.... _~a!!..ti.tL_~a.!i.tv~.QP-£. J2.o.2.si.ble_8.l2.PJJ.£.aii£n~ 

The Icelandic stations at which precipitation measurements are made, 

are instructed to give the amount to the nearest tenth of a mm, and to record 

precipitation of a non-measureable ~uantity as 000. Generally speaking, stations 

making observations for synoptic purposes follow these instructions well, but at 

same climatological stations the reporting of small or very small ~uantitie~ 

as in other countries - is not entirely satisfactory~ Amounts of 1 rom or more. 

hmvever, seem to be reported by almost all stations in a reliable mannero The 

reliability of the reported amounts of precipitation in the form of snow was 

discussed in lLnnex VIII. 

The only statistics of days with precipitation pUblished so far are a 

table in ~eAr~ttanl' for 1941, giving a 10-year average of the total number of 

days with 001 mm or more for each month (1931-1940) at a relatively large number 

of stations, and a similar table of 2o-year averages (1931-1950) in "ve~r~ttan'" 

for 19490 A more ccmplAte treatmerrt of available datlil., taking into account the 

amount of precipitation measured on each day, might be expected to give same 

valuaLle additional information. 

The daily amount of precipitat~on is a matter of same practical 

importance in several connexions. In many areas, but mainly in regions near 

the eastern, southern and western coast, excessive rains may caUSe flooding and 

even landslides; on such occasions, roads and bridges are often seriolmly damaged. 
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During the summer, even small daily am01.l1lts of precipitation, if continuing 

dUring a prolonged period with little or no sunshine, constitllte a serious 

menace to hay productione On the other hand, hay production olso suffers f~'Om 

the droughts which are not uncanmon in northern Iceland during spri:.lg and early 

summer. In winter, heavy precipitation in the form of snow and accompanied or 

followed by severe drifting frequently hinders traffic even on main roads; in 

tac't, most of the roads connecting different parts of the c01illtry are usually 

closed for some weeks or even months during the wi nter half-year. Clearing ar 
) 

blocked road under winter conditions is sometimes econ~nicalJ sometimes not,\ 
'<II 

depending on the probability of renewed heavy sn<Yv'Tfall within a short time. 

M,e.:r1.Qd.2. ~..£ Q.r~lJ:mlI1!:!.IY. ..!:e~u±.t~ 

As time did not pennit a complete statistical treatment of the 

I' available material, the investigation to be dealt with in this annex was 

confined to a frequency study of daily precipitation amounts during odd-numbered r months as reported during the ten-year period 1946-1955e 

The first step to be taken was to prepare, for 37 stations having 

complete or almost complete observations, tables like IXeI. The variability 

t of precipitation conditions during a certain month from year to year is illustrated 

l by these tables, ct. for instance September 1952 and 1953 at Fagurh~lsmfri. 

~, 
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Table IX.l. Basic table of the tn)e used for frequency studies of precipitation daysv 

The values contained in the table ind icate the absolute number of days 

No prec. 0.0 0.1-0.4 

belonging to each class, 

FaLllrh61gmyri J 3ert 81llber. 

0.5-0.9 1.0-1.9 2.0-2.9 }.0-4.9 5.0-9.9 10.0-19.9 20.0-29.9 }0.0-}9.9 40.0 ffi.'1 

t. 
0 r 

1946 

1947 

1948 

1949 

1950 

10 

8 

15 

5 

12 

} 

3 

3 

0 

1 

4 

3 

1 

2 

1 

1 

0 

1 

6 

1 

5 

3 

2 

1 

4 

1 

1 

1 

5 

4 

1 

3 

1 

1 

2 

3 

4 

1 

2 

3 

2 

3 

2 

1 

1 

0 

2 

2 

6 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1951 8 1 1 1 2 1 1 .3 5 4 1 2 

1952 23 2 0 0 1 2 0 0 0 2 0 0 

1953 

1954 

7 

9 

1 

5 

0 

2 

2 

1 

.3 

1 

1 

2 

1 

0 

2 

2 

6 

4 

.3 

} 

1 

1 

} 

0 

1955 9 1 3 2 1 1 2 1 4 4 2 0 

L. 106 20 17 15 23 19 12 21 28 26 5 8 



,,-,--,---------- - -' -~	 --~ - - .. .- ... --,--------­

Table IX.2.t.	 Example of Summary, part I, of frequency table for an individual station (Fagurhol~ri). 

The upper line for each month gives the absolute frequencies for ten Januaries, ••••••• , 

ten Novembers (1946-1955) of a 24-hour precipitation within the indicated limits. The numbers 

of the lower line for each month show, as indicated by the symbol ~ , the cumulative absolute 

frequencies when counting from the right. Thus, the total number of January d~s having at least 

10.0 mm of precipitation was 96. 

Fagur­
ho1su&ri No prAc. 00 0 0.1-0.4 00 5-0.9 1.0-1.9 2.0-2.9 3.0-409 .5.0-9.9 1000-19.9 2000-29.9 3000-3909 40.0 nm 

14 9 16 19 16 22 35 51 32 8 5
January \ 8 

~ 310 227 213 204 188 169 153 131 96 45 13 5 
~ 

24 14 15 21 16 15 29 29 27 7 5{ 108~ March 
"E 310	 202 178 164 149 128 112 97 68 39 12 5

I	 >Of­

23 16 14 18 15 18 27 19 16 6 3 
May { 135 

:: 310 175 152 136 122 104 89 71 44 25 9 .3
22 20 19 29 20 15 27 35 20 4 5

July { 94 
216 174 155 126 106 91 64 29 9 5~ 310 194 

20 17 15 23 19 12 21 28 26 5 8Sop_{~ 106 
~ 300 194 174 157 142 119 100 88 67 39 13 8 

10 11 18 14 14 11 25 38 18 10 13
November {1l8

"f 300	 182 172 161 143 129 115 104 79 41 23 13 

113 87 97 124 100 93 164 200 13q 40 39Tntal foi	 6« 
odd . ­

months f: 1840 1196 1083 996 899 775 675 582 418 218 79 39 



The next step was to prepare ten-year sUlrIlrJlrie s, as exemplified by 

table IX02. As this table shows, cumulative fre~uencies, expressing the number 

of cases during, e.g., ten Januaries, of a 24-haur precipitation equal to or 

larger than certain specified amounts, were also computed, as well as relative 

cumulative frequencies (table IX.3). 

Table IX. 30	 Exrunple 9f sumnary, part II, of frequency table for an 

individual station (FaeurhcSlsm§ri). The values of the 

table give the frequency, in %of the total number of 

days during, e.8., ten Januaries (1946-1955), of days 

with at least 0.0, at least 0.1, ••• rmn of precipitationo 

Thus, 31% of all January days had at least 10.0 Il1"'1l of 

precipitationo 

FaGurh61s- ?0.0 ~ 0.1 ? 0.5 >1.0 ? 200 ~ 3. 0 ? 5.0 ~ _ 10.0 >S 20.0 >- 30•0 >.. 40.0 rom
." 

m§ri	 
~ 

Janu£!.Iy 73. 2 68.7 75.8 60.6 54.5 49.4 42.3 31 •0 1405 4.2 106 

March 65.2 57.4 52.9 48.1 41.3 36 ..1 31.3 21,.9 12.6 3·9 1 0 6 

May 56.1 49.0 43·9 39.4 33. 6 28 07 2209 14.2 801 2.9 1,,0 

July 69.1 62.6 56.1 50.0 40.6 3402 29.4 20.6 9.4 2$9 1,,6 

September 6401 58.0 52 .. 3 47·3 39.7 33,,3 29·3 22·3 13.0 403 2..7 

l'Tovember 60.7 57.3 53.7 47.7 43. 0 38.3 34.7 26·3 13·7 7.7 4·3 

Mean for 6500 58.9 54.1 48.9 42.1 36.7 31.6 22.7 11..8 4·3 20 1 
odd months 
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Table IX.d. Exoerpt from one of a number of tables giving relative 
~ 

frequencies (in %of number of days of observation) for 

odd months at 37 stations. For further discussion, see text. 
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areas. It must be pointed out. however, toot the measurement of preoipitation 

in the fom. of snOlr~ as discussed in Annex VIII, 1s very d11'flcul" 1n most 

parts of Iceland: the possibilitie s, and perhaps too ambition, of the observers 

to provide reliable values for precipitation in winter seem to differ sufficient­

ly to influence both the picture of the geographical distribution of precipita­

tion during the winter balf-year and the yearlt variation of precipitation 

frequencies as given by the tables of this Annex. 

Even with allowance for this. the seasonal and geographical variations 

are striking. Tnus, table IX.. 4 shows that no less than 40% of all days in 

January have at least 5 nun of preoipitation at sane stations near the south 

coast, whereas in large parts of northern Iceland the corresponding proportion 

does not even amount to l~ The average number of days with a precipitation 

exceeding 5 nun in May is at same stations less than half the average of such 

days during any other odd-numbered month. At the stati on of Kjorvogur the 

frequenoy given in table IX.. 4 for September is three times as large as that for 

March, whereas the September value of the frequenoy is lower than the March value 

at the stations in southwestern Ioeland. 

Table IX.5, Frequencies (odd months, 1946 - 1955) of a 2.}-hours 

precipitati on amount equal to or larger than 0..1, 

0.5, ..... 40.0 Mm. expressed in %of the frequency of 

an amount of 1.0 nnn Or more. In Fagurh~lsm§ri, for ~ 

instance, 24% of tne days having a precipitation 

amount not less than l ..u JIUlI, receive 20.0 mm or more~ 
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>~ 0.1 ~ 0.5 >_ 2.0 ? 3.0 > 5.0 ~10.0 >20.0 ~ 30•0 <-40.0 nun
';t 

~	 Reykjav!k 143 117 75 58 36 12 2.2 0.8 0.1
 

S{~Ul1 138 119 74 57 33 10 1.9 0.6 0·3
 

1­ Su~ureyri 144 117 80 64 43 18 5.6 2·3 0.9
 

Kjorvogur 159 122 76 56 35 15 3.9 1..8 0.5
 

Blonduos 143 117 64 45 24 1.0 1.1 0.4 0
 

Akureyri 145 121 72 56 31 9.1 1..8 0.2 0.2
 

Raufarhofn 142 111 74 55 35 13 2.4 1.1 003
 

Dalatangi 139 113 80 64 50 31 16 8",3 4..2
 .. 
H61ar f. 125 110 83 72 57 35 15 7.1 4.9
 
Homafir~i 

Fagurh51s- 120 111 86 75 65 46 24 8.8 4.3
 
m§ri 

Vestmanna- 131 110 82 68 49 27 6.2 1.7 0 .. 6
 
eyjar 

Haell 122 III 82 67 48 19 3.9 1..1 0.8
 

Table IX.5 shows the relative frequencies (in the form of values 

averaged over all odd-numbered months), computed by dividing all indivicual 

absolute frequencies b~T the corresponding absolute frequencies of days with 

1.0 nun or more. Thi8 table, tOOt sh~fs large regional contrasts; in Fagur­

h6lsmyri, e. g.) no less than 46~ of the days which bave at least 1 nun of pre­

cipitation receive 10 nun or more, while the corresponding figure is only 7% 

in Blondu6s• ., 

Some other tables and graphs were prepared from the material 1.Ulder 

discussion and placed at the disposal of Ve-5urstofan. One of' the graphs may 

be mentioned briefly: 
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The figures given in t~e last line of tables like table IX.3 were 

entered on diagrmns (logarithmic scale for t~e precipitation amount, linear 

scale for frequency) .. The graphs for the variol./s stations showed inter8Dting 

and in some cases puzzling differences which, hm'iev~'r, to scr:le cxte!lt l'tr.y be 

due to the limited amollnt of oboervations used for this investigation. 

The study of precipitation frequencies should, as soon as the cir ­

omnstances permit, be enlarged so as to include even-numbered months and perhars 

an additional ten-year period. 

M.a1Sir~ug 1JP1.£l.l:!!.t.§. ..Q.f""p!:.e..£iJ2.i i a1i .£n_ 

As a supplement to the statistios of days with precipit~tion, a set of 

tables was prepared (by means of data-processing lnachines) shmrlng the maximum 

amounts of 24-hours precipitation, station by station and month by month. For a 

restricted nmnber of stations having a oomplete or nearly complete series of 

observations, the result is surrJT1arized in table D'•• 6. Some interesting features 

are shown by this table, e.g. : Although the precipitation at Vfk { Myrdal during 

all months except January is larger than that of EOlc.:.r, the maximun daily amouIlt 

of H51ar exceeds that of Vfk durine; all months exce~Jt July, Auc:ust and September ­

in some instances by 50 or even 100fo. It is surprising to find tr.at durin,;:; May, 

which is nearly everywhere driest of all montl:s, a 24-hour precipitation of 89 nun 

, .,J
has occurred at Lambavatn, exceeding by a large amount the maxDllum experienced 

during any other month at that statien. 

Table IX.6.	 Maximum of daily precipitation (mm) for each month, 1931 ­

1950. T"ne absolute maximum for each station is LUlderlined. 

Extracted from a larger table giving sDnilnr values for 50 

stations, sane of them with short series of observations 
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only. (For most of the stations given below, the series 

was complete, but i~ a few cases 1-5 years were missing.) 
_, "4 

.... 
J ]<' M A M J J A S N D° 

! Reykjavfk 36 19 n 21 18 3° 25 ~3 32 37 44 55 

Situmuli 23 .4l 36 20 26 27 19 36 40 35 28 44 

Stykkis:h6lmur 68 44 50 35 23 53 20 27 46 55 .22- 46 

Lambavatn 34 31 33 21 .§.2. 53 55 51 51 35 37 50 

su~ureyri 60 53 59 59 36 35 3° 71 64 1:2 54 65 

Bl1:5ndu6s 13 19 17 18 19 22 20 24 jQ. jQ. 24 18 
.04,. 

Akureyri 11 21 27 16 24 19 27 52 27 25" ~ 3° 

Eusavfk 37 28 22 20 22 28 33 54 46 55 22. 37 

Fagr1dalur 40 19 27 61 60 73 83 12l 61 111 80 87 

Teigarhorn 60 110 48 46 52 67 68 68 72 49 62 62-. 

H6lar	 ! rn 101 18 90 106 84 61 56 122 100 106 92 
Hornafiri1

t.	 Kirkjubllejar- 56 56 76 47 50 69 80 68 .ll 74 87 60 
klaustur 

.- Vfk ! Mfrdal 64 78 49 68 52 51 70 65 150 77 79 76 

,~ Yestmarlna- 6C 54 2 53 33 40 37 42 54 74 47 68 
eyjar 

Haell 36 67 68 36 32 32 59 37 44 54 55 46 

Table IX.7. Maximum of 24-hour precipitation derived from complete 

'" or incomplete series of observation during the period .. 
1931 - 195°.. 
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lffiTI Month & YeQr Years rmn Month & Year Years 
of obs. of obs. 

Rr iav!k 57 3 '31 20 Grfrnssta~ir 36 10 '48 15 

Ranrrngnssto5in 54 11 '32 16 Raufarhofn 69 7 ~42 17 

EvaJ1Jleyri 101 11 '41 10 Skalar 49 10 '41 

S!~1.llrr6J.l 47 2 '40 16 Skoruv{k 28 9 1'46 8 J 
J'u'narstapi 91 7 '48 15 Hofn f Bakkafirti 45 8 '46 13 

Hellissandur 66 2 '37 16 Fagridalur 121 8 I'so 19 

Stykkish6lmar 69 11 '46 20 Hallormssta'lur 61 1 !so 10 

HamraendCj.r 53 10 '43 14 Dalatan[;i 112 10 1'43 12 

LaJnbuvutn 89 5 '41 12 Vattarnes 72 2 1'38 I} 

·f 
Kv{gindisdalur 105 9 '49 20 Teigarhorn 110 2 '38 20 

S~ureyri 75 10 '45 20 Djt'ipi,vogur 83 8 '46 7 

Bo1un3urv!k 45 9 '45 16 H61ar ! Homaf 0 134 1 4'46 20 

Kjorvogur 66 3 '40 16 Fagurh61sm§ri 125 11 1'36 20 

Ela~htunar 36 3 '40 10 Klrkj ubae jarkl. 93 9 "45 20 

N~psdalstunga 26 4 '43 12 vfk ! MYrdal 150 9 1'33 20 1 
Blondu6s 30 9 '46 19 Loftsalir 64 11 '42 II ~ 

Nautabt'i 24 10 '48 5 Vestmannaeyjar 92 3 '31 20 

Iflaelife11 43 7 1'42 10 samsstatir 76 9 '33 20 

Skri3uland 107 9 '46 16 Hae11 68 3 '41 15 

Siglunes 61 7 '43 14 Eyrarbakkl 58 9 '37 20 

Akureyri 92 9 1'46 20 Lj6safoss 99 3 '48 13 

Grfmsey 45 2 '43 15 I'ingvellir 63 12 '38 

Sandur ! 
A:&ldal 63 8 '50 16 Grindav!k 75 9 '45 20 l" 

Ht'isavfk 59 11 '147 20 Reykjanes 47 12 "35 13 

ReykjahHtl 48 9 '46 13 VfMsta~ir 55 1 1'46 9 
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Some supplementary information is contained in table IX070 A daily 

w: 
amount of 50 rnrn or more is seen to have been measured at most stations during 

" 

the period in question, and there are several examples of an amount exceeding
~,.\ 

100 rnrn, the absolute extreme being 150 nun at V!k ! MYrdal. One may note the 

" 
exoessive amounts of preoipitation at same stations in northern Iceland 

(Skri~uland, Akureyri) one day in September 19460 

~ 

II 

'.J 

t ~ 

,'I 

I'. 
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