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INNGANGUR 
 

Á Vestfjörðum er að finna fjöldann allan af trjáreitum sem sýna að víðast hvar á láglendi með 
ströndinni má koma upp töluverðum skógarsvæðum. Auk þess má ætla að á stórum hluta af ofnýttum 
beitarsvæðum megi rækta tré - ekki síst þar sem hægt er að endurheimta jarðvegsskilyrði með ræktun 
Alaskalúpínu, eins og sums staðar er þegar verið að gera. En langflest "frímerkin" benda til þess að í 
megindráttum ráði veðurfar því að að sumar trjátegundir henti betur en aðrar. Þau tré (og kvæmi) sem 
virðast henta best eiga engu að síður allt undir duttlungum einstakra veðurfyrirbrigða en ekki endilega 
ríkjandi loftslags. Þegar verið er að meta skógarreiti og svæði til skógræktar er tilhneiging til að miða 
fremur við ríkjandi loftslag en einstök veðurfyribæri. Loftslag - og þar með bæði örkerfi og 
jarðvegsloftslag - er summa allra veðurfyrirbæra í tilgreindan tíma eða á tilgreindu svæði, og er 
venjulega reiknað út frá daglegu veðurfari. Bændur og skógarmenn eru yfirleitt meira vakandi fyrir 
veðrinu í þrengri skilningi en hinu mælda loftslagi og geta því lesið áhrif veðurs í stöku runna, hól, 
uppskeru, og á búfénaði á mismunandi svæðum, svo sem á beitarlöndum eða túnum. Láglendi 
Vestfjarða hefur hins vegar verið trjálaust meirihluta síðasta árþúsunds og menn hafa mjög litla reynslu 
af skógrækt í stórum stíl. Þeir eru því ekki margir sem vanir eru að sjá fyrir hugsanleg áhrif veðurs í 
skógarreitum. 
 
Sá þáttur í breytileika veðursins sem oftast er mældur og til umræðu manna á meðal er hitastigið; eða 
svo nákvæmt sé til orða tekið, hitastig sem mælt er með stöðluðum hitamælum í skyggðum, vel 
loftræstum skýlum í 1.75 m hæð yfir yfirborði jarðar. Staðlaðar aðferðir veðurfræðinnar gera ráð fyrir 
að vindur sé mældur í svonefndu frjálsu flæði, þ.e.a.s. í tíu metra hæð þar sem yfirborð hefur engin 
truflandi áhrif. Gallinn við þessa veðurfræðilegu stöðlun er sá að með henni er ekki hægt að skrá alla 
þá smáu þætti í tíma og rúmi sem hafa áhrif á veðurlag. Sem dæmi má nefna að hitahvarfalagið (kalt 
loft) ofan við dalalæðu er oft hálfan eða einn meter neðan við hitamælana og kemur ekki fram í neinum 
mælingum. En ef þessi grunnu lög af köldu lofti eru viðvarandi á vaxtartíma geta þau haft gríðarleg 
neikvæð áhrif á þroska smáplantna og möguleika þeirra til að lifa. Vísindamenn á Rannsóknarstöð 
Skógræktarinnar á Mógilsá eru að gera yfirgripsmikla rannsóknir á áhrifum hitastigs nokkrum 
sentimetrum ofan við yfirborð jarðvegsins og einnig niður í hann.  
 
Þegar kemur að vindinum er um annað mál að ræða. Mikil þekking liggur fyrir á hinum ýmsu sviðum 
vindaflsfræðinnar og um eiginleika vinds. Meiri  hluti þeirrar þekkingar er fenginn með flóknum 
stærðfræðilegum og eðlisfræðilegum líkönum og úr tilraunaniðurstöðum. Úti í náttúrunni er hins vegar 
ekki hlaupið að því að mæla eða lýsa hinu óendanlega flókna athæfi vindsins. Engu að síður má draga 
fram nokkur grundvallarmynstur sem byggjast á ályktunum á því hvernig vindur hegðar sér í landslagi 
almennt og hvaða áhrif hann hefur á tré og skógarreiti. Nauðsynlegt er að fjalla nokkuð um áhrif vinds 
við yfirborð jarðar og hvaða áhrif hann hefur á trjágróður svo bændur, skógfræðingar og áhugahópar 
nái betri árangri við plöntun. Þegar sagt er við yfirborð jarðar er átt við 0.5 til 4 metra hæð frá jörðu og 
hvaða áhrif tré hafa á vind og áhrif hans á trén. Þá er rétt að minna á að þótt talað sé um logn þá valda 
hita- og rakaskipti milli jarðvegs og lofthjúpsins því að ávallt er um einhverja hreyfingu loftsins að 
ræða þótt hún sé minni en svo að við getum skynjað hana. 
 
Það er því ljóst að við verðum að notfæra okkur tré og skógarreiti sem líffræðilegar ábendingar um 
veðurfar við yfirborð jarðar. Til allrar hamingju eru skógarreitir það algengir í öllum sveitum á Íslandi 
að hægt er að draga af þeim gildar ályktanir varðandi skógarskjól. Nákvæm athugun á skógarreitum, 
landslagi og öllum gróðri nægir í flestum tilfellum til að gera sér grein fyrir jákvæðum og neikvæðum 
áhrifum veðurfarsins við yfirborð jarðar. 
 
 



 
Til einföldunar fylgja ritgerð þessari yfir 120 ljósmyndir, flestar með teiknuðum skýringum, svo og 
nokkur línurit varðandi vind og veður. Meginhluti athugunarinnar fór fram í nágrenni Lyngholts í 
Dýrafirði en að auki var notast við athuganir úr heimsóknum frá öðrum hlutum Vestfjarða. Flesta þá 
staði má sjá á meðfylgjandi korti. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
Svæðið umhverfis Núp í Dýrafirði valið til að sýna þau áhrif sem mismunandi veður hefur á tré. 
Svæðið býður upp á flókin og síbreytileg, en jafnframt lítil og staðbundin veðrakerfi (boundary layer) 
og nokkra trjáreiti. Innan svæðisins sem um er að ræða er allt láglendið sem sést á myndinni og nokkra 
kílómetrar upp eftir Núpsdal. 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 Mýrar og Núpur.                                        Ljósmynd: Hjálmar R. Bárðarson 



 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Þessi tölvumynd af Dýrafirði sýnir grunnþætti í hinu hrikalega landslagi Vestfjarða. Auk beitarlands á láglendi má sjá trjáreitina sem sumir eru staðsettir 
á svæðum þar sem jarðvegur hefur verið bættur með lúpínuræktun. Aðalskrifstofa Skjólskóga á Vestfjörðum er staðsett á Þingeyri og Sæmundur 
Þorvaldsson framkvæmdastjóri og annar höfunda þessarar greinar býr á Lyngholti þar sem trjáreitirnir eru staðsettir. Við bæinn sem gula örin bendir á  
vex sitkagrenitré sem samkvæmt nýlegri úttekt á skógræktarskilyrðum vex hraðar en önnur tré á Vestur- og Norðurlandi. Það er ljóst af skoðun á þessari 
mynd að sjórinn er ekki eini áhrifavaldurinn á veðurfarið, landslagið með bröttum fjallshlíðum og þröngum dölum hefur ekki síður bæði slæm og góð áhrif 
á láglendinu við ströndina. 

Þingeyri 

Hólar 

Mýrafell Lyngholt 



 
Skógarbændum á Vestfjörðum er vel ljóst hvernig landslag og veður, bæði á Vestfjarðahásléttunni, í 
fjallshlíðum og úti á sjó, geta haft áhrif á veðurlag á þeim svæðum þar sem hugsanlegt er að planta 
trjám. Þetta er augljóst þegar ljósmyndin og kortið af nágrenni Núps eru skoðuð. Landslagið gefur til 
kynna fjölmörg samvirkandi veðurfarsskilyrði (microclimate) bæði ofan og neðan við væntanlega 
trjálínu. Fjallavindar, hafgola, köld og rök hitahvarfslög, snjóflóð, snjósig og skaflamyndun koma strax 
upp í hugann og eru rædd hér að neðan. En eins og rætt er í öðrum kafla er það engu að síður loftslagið 
sem stjórnar trjávexti á láglendi og í neðri hluta fjallshlíða. Ljósmyndin og kortið af Núpi (hvítu húsin í 
miðjunni) sýna töluvert gróið svæði sem hentar vel til skógræktar. Það getur reyndar komið ýmsum á 
óvart að sumarvindar eru ekki mikið vandamál við ræktun skjólbelta og skóga á Vestfjörðum. Ef svo er 
kemur það í það minnsta ekki fram á trjánum. Lauftré og stöku sitkagreni á Þingeyri hallast reyndar 
svolítið til vesturs (undan landvindum en ekki hafgolu). Gamla lerkitréð í Skrúð handan fjarðarins 
hallast örlítið til austurs undan hafgolu. Þessi litla sveigja trjánna bendir til þess að hvorki vindar niður 
dalina eða innlögnin séu afgerandi þættir, eða að vindhraði sé að meðaltali 4 m s (± 2 m s). 

 
 

 

Myndin hægra megin er af bújörðinni Hjarðardal innar í 
firðinum (til vinstri á myndinni) og sýnir dæmigert landslag 
fyrir stóran hluta láglendis á Vestfjörðum. Þótt þurrkur sé 
yfirleitt töluverður á fyrri hluta vaxtarskeiðsins má ætla út frá 
gróðurlitnum á neðri hluta hlíðanna og djúpgrænum lit 
túnanna í framræstum dalbotninum að vaxtarskilyrði séu 
nægilega góð til að hafa staðið undir búskap í aldaraðir.  
 

Á þessari mynd (Ketilseyri, Dýrafirði) 
eru áberandi andstæður á milli 
gróðurvana skriða og frjósamra engja á 
býlinu. Við nánari skoðun koma í ljós 
skjólbelti bak við bæjarhúsin og trjáreitur 
hægra megin við hæðina - vöxturinn er  
nægjanleg vísbending um að tré vaxi það 
vel að vert sé að planta í neðri hluta 
hlíðanna.   
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Á þessari mynd frá Lyngholti má sjá hve veður er á ýmsan hátt margbrotið og öll þau áhrif sem það getur haft. Á skikunum frá  
Mýrafelli til sjávar vestan við Lyngholt (neðst) er að finna tilraunareiti, klónasafn yfir víði og ösp og skjólbeltatilraunir. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Grenireitur  
 
 
 
Klónasafn með víði og ösp innan skjólbelta úr 
Alaskavíði. 
 
 
 

Núpur                               Núpsdalur                             Klukkulandshorn 

Núpur                                   Skrúður                                                          Klukkuland                                              Garðshlíð 
Trjáreitur                            Garður & trjáreitur                                      Víðiskjólbelti                                            Trjáreitur  
  
Ljósmynd og grafík: Alexander Robertson       



 
INTRODUCTION 

 
  There are many small tree plantations that have shown there are substantial tracts of coastal 
land suitable for forest plantations at low elevations in most of the Vestfjörðs. But there are also 
substantial tracts of degraded pastures that might be considered marginal for trees – the soils of which 
can and, in some cases, are being restored with a cover of Alaska lupine. But most of the ‘postage 
stamp’ plantations ultimately indicate that, on the whole, climate favours some tree species better than 
others. But even for the most favoured tree species (and provenance) suffer from the vagaries of 
weather events as opposed to climate, per se. When appraising the performance of plantations or 
potential planting sites there is a tendency to focus much more on climate rather than on specific 
weather events, per se. Climate – including microclimate and soil climate – is the sum total of all 
weather events over a certain period of specific periods of time, usually starting with daily climate. 
Farmers and foresters are tuned in more to weather than climate per se of which they have innate sense 
such that they ‘read’ it effects weather in every bush, knoll, crop, cattle and sheep and in different parts 
of the hill-pasture and hayfields. However, considering most of the coastal plain in Vestfjörðs has been 
devoid of trees for most of the past millennium, and plantation forestry is a relatively new experience, 
most people may not be quite so adept at reading the potential effects of weather on forest plantations.  
 

The most commonly measured and discussed weather variable is temperature; or more 
precisely, temperature in the shade, which, by convention, is measured with a standard  thermometer at 
a height of 1.75 m in a well-ventilated screen. By standard climatological convention, wind is 
measured in the so-called free-stream air; i.e., with a long fetch (having no surface obstacles affecting 
the air flow) at a height of 10 m. The problem with climatological standardization is that it cannot 
capture all the little nuances weather on many time and spatial scales. Fore example, surface inversions 
layers or top of Dalalæða are often 0.5-1.0 m below the thermometers weather screen that doesn’t 
register in the climatological record. Yet these shallow layers of cold air, if persistent enough in the 
growing season  have an enormous negative impact on tree-seedling survival and growth. The 
influence of temperature within the first few centimetres soil and air, respectively, is being intensively 
studied and written about by scientists at Mögilsá, rannsóknastöð Skögræktar. 

 
Wind is a different beast altogether. For while much is known about its myriad aerodynamic 

and properties – mostly deduced from elaborate mathematical, physical and laboratory models. In 
nature, however, the seemingly infinite complexity of wind it is not easy measure and describe beyond 
the crudest of terms. Nevertheless, there are some  basic variations in pattern of winds, which are 
intuitively inferred from their influence on and by the landscape in general, and trees and plantations  
in particular. To help foresters, farmers, and community groups get better results from their 
plantations, whether or not they are participating in the Skjólskógar á Vestfjörðum Project, a general 
description of the nature of wind close to the surface and how it affects trees and plantations. By close 
to the surface we mean how trees affect and are affected by a layer of from 0.5 – 4 m in height from 
the surface. Incidentally, although we speak of calm conditions the process of exchange heat and 
moisture at the interface of soil and atmosphere ensures that there is always momentum – however 
imperceptible it may be to our senses.  
 
  In other words, we must learn to use trees and plantations as biological indicators of surface 
weather. Fortunately, most farming districts in Iceland have enough small plantings to build a valued 
judgment on the relative merits for shelter woodlands. Examination them closely, plus observation of 



 
the landscape and its vegetation, is probably sufficient to make a general assessment of the positive 
and negative aspect of surface weather events. 
 
 To simplify matters, the report includes more than 120 photographs, most with interpretive 
overlays, plus several graphs pertaining to wind and weather. The principle area of study was in the 
vicinity of Lyngholt with additional information gleaned from observations on visits to many parts of 
the Vestfjörðs – the principle ones shown on the relief map below. 
 
 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
By way of example, the Núpur district, noted for its complex and constantly changing microclimates 
(boundary-layer) and having a few tree plantations, was chosen to demonstrate the effects of different 
types of weather on trees. The approximate demonstration area encompasses most the lowland in view 
plus several kilometres up Núpsdalur (middle left).  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 Núpur and Mýrar District.                                        Photo: Hjálmar R. Bárðarson 



 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This thematic satellite imagery Dýrafjörður certainly shows the rugged topography typical of the Vestfjörðs. Apart from the low-lying pastures, new 
plantations, most characteristically planted into sites improved by Alaska lupine, are also visible. The head office of Skjólskógar á Vestfjörðum is located 
þingyeri and Sæmunder Þorvaldsson, project manager and co-author of this report, and whose plantations are on his farm at Lyngholti. The yellow arrow 
points to a farmhouse which, according a recent study, has Sitka spruce with the fastest-growth rate in northern and western Iceland. It is obvious from the 
imagery that weather - both good and bad - on the coastal plain is greatly influenced topography of high mountains with steep slopes and narrow valleys, and 
proximity to the sea 

Þingyeri 

Hólar 

Mýrafell Lyngholti 



 
 

Skjólskógar á Vestfjörðum foresters, who are also farmers, are all too aware that the 
geomorphology and weather of the high plateaux, mountain slopes and the ocean can greatly control 
the microclimate of plantable sites. An obvious example of this can be surmised from the photograph 
and topographic map of the Núpur district. The varied landscape shown in the map and photo of the 
Núpur district that belies a multitude of interacting microclimates above and below the potential tree 
line. Mountain winds, on-shore sea-breezes, cold and damp inversion layers, avalanches, snow creep 
and drifting readily come to mind and are discussed in detail below. In spite of this, as will be amply 
shown in another section, the weather overall is as conducive to tree growth on the verdant lower 
slopes and coastal plain. The photo and matching topographic map Núpur (the several white buildings 
in the centre) there is a substantial tract suitable for tree planting. In fact, it may surprise many people that 
summer winds are not a particularly serious problem in existing shelterbelts and forests in the West fjords. If 
there is, the trees do not show it. Broadleaved trees and occasionally Sitka spruce, in Þingeyri for example, are 
slightly flagging toward the west due to down-valley (off-shore) winds. The old larch at Skrudur, across the 
fjord from Þingeyri, is slightly flagged eastward due to sea breezes (on-shore winds). The slight flagging 
indicates that neither valley winds nor sea breezes are comparatively benign, i.e., in the average about  4 m s-1 (" 
2 m s-1). 

 
 

The photo on the right coastal farm inland from Mýrafell 
(the distinctive hill on the left of the photo) is typical of much of 
coastal plains in the Vestfjörðs. Although there is a distinctive 
drought period in the early part of the growing season, the 
verdant pastures on the lower slopes and lush deeply-drained 
hayfields in the valley bottom clearly indicate sufficiently good 
growing conditions to have sustained farming for a millennium.  
 

A close study of the striking photo 
with a sharp contrast between the barren 
slopes and lush grassy fields of a coastal 
farm, reveals an enclosure of shelterwood 
behind the farm buildings; and behind 
that  ‘postage stamp’ plantings on the 
right side of knoll – sufficient evidence 
that trees grow well enough to increase 
tree planting across the lower



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This panoramic view from Lyngholti encompasses the complexity weather at many scales and their effects that one could wish for. In fact, 
the fields extending from Mýrafell to the coast on the west side of Sæmunder Þorvaldsson’s Lyngholti (below) contains mostly 
experimental plantations, a willow/poplar clonal garden and shelterbelt trials 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Saemunder Þorvaldsson’s coniferous 
plantation 
 
 
Lyngholti 
Poplar & willow clonal garden with Alaska 
willow shelterbelt 
 

Núpur                               Núpusdalur                             Klukkulandshorn 

Núpur                                   Skrúður                                                            Klukkuland Farm                                         Mýrar 
Plantation                            Garden & Plantation                                      Willow Shelterbelts                                        Plantation  
  
Photo/graphics: Alexander Robertson       



 
Shelter Woods 

 
Dýrafjörður 
 

Fine trees can be found in virtually every town in the Vestfjörðs. Among the best and most 
appropriate place to see fine examples of commercial-sized trees is in the garden of Skjólskógar á 
Vestfjördum and in the adjacent cemetery. 

 

The Sitka spruce was planted in 1951 by Sæmunder Þorvaldsson’s father Þorvaldur and Dr. 
Þorberger Jónsson in what was then the hospital garden. It is noteworthy that Þorvaldur and his brother 
Hjorleifur started a small nursery at Laekur in the 1930’s. The tallest tree is 14 m. Given their excellent 
condition, especially with lavish soil improvement as part a major landscaping renovation on the 
property, are likely to grow a few more meters. The provenance of the Sitka spruce is Portlock on the 
southern tip of the Kenai Peninsula. This provenance is one of the best and most widely planted in 
Iceland 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The landscape near Kenai, Cook’s Inlet with most Lutzii spruce which is considered by some to be a natural 
hybrid between Sitka and white spruce. The provenance of the spruce in Þingyeri and Laekur is Portlock on 
the southern tip of the Kenai Peninsula. This provenance is one of the best and most widely planted in 
Iceland.  With so much planting planned for the next few years, perhaps in 50-100 years henceforth, parts of 
the Westfjörðs will resemble the Kenai Peninsula. 

Photo:Sæmunder Þorvaldsson 



 
There are fine plantations around Dýrafjörður – 

notably two at Laekur and another at Botn. The age and 
top height of trees in these plantations on the western 
slope above Ísafjörður is shown in the table. Of course, 
the table does not show extraordinary growth rates in 
recent years – so much so that the Sitka spruce at 
Gemlufall is reputed to be the fastest growing in 
western and northern Iceland. While other plantations 
are not quite so vigorous apparently their growth rates 
have been substantially better in recent years.  

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

At the head of Ísafjörður there is a fine 
plantation in the golfing and skiing resort 
of recreational area Tunga. Where the 
lupin is in the foreground there were many 
more trees and summer- houses which 
were destroyed by an avalanche. Most of 
the summerhouses have been rebuilt and a 
considerable amount of soil improvement 
and replanting has begun.  

Photo: Alexander Robertson 

Few places in best exemplify Norse description “…woodlands extending from the coast to the high 
mountain slopes.” Than many of the valleys in the Westfjörðs – especially in this photo of the birch 
forest growing to the high plateau Trölladalur above Geiþjófsfjörður    Photo: Alexander Robertson 

Although the photographer’s interest was 
focussed on the architectural gem of a 
roof, he purposely framed it against a 
background of fine woodlands and the sun 
shining on a small area of a large tracts of 
potentially prime forest  land on both sides 
of Tálknafjörður 

Photo: Alexander Robertson 



 
Botn Woods 
 

Botn woods are on the east side of the headwaters of the Botnsá at about 150 m asl. Part of the 
woodland is mixture of native species (birch, willow and mountain and rowan) into which volunteers 
have planted patches of spruce and pine. Other parts are spruce and pine plantations on old into which 
the native trees have naturally regenerated. These are essentially recreational woodlands; and although 
many of the spruce have demonstrated they can produce commercial sized lumber – they will probably 
never be harvested as such.  All photos on this and the following page were taken by Sæmunder 
Þorvaldsson within the last few years.  
 

 

 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Left: What appears to be a mixture of Sitka and the lighter-coloured Lutzii spruce; note the much better 
growth of leaders 4-5 years. Right: The same stand in winter.            Photos: Sæmunder Þorvaldsson 

Left: A mixed native broadleaf and planted coniferous stand, note the spruce has begun to grow 
above the broadleaves. Centre: Part of an extensive well trod and carefully crafted woodland 
trail system. Right: A section of the indigenous birch, willow and rowan woodland. 

Photos: Sæmunder Þorvaldsson 



 
 

Botn woodlands is a diverse ecosystem 
dominated native birch, rowan and willow other 
shrubs and heath mixed with coniferous 
plantations. The birch is characteristically 
contorted, rowan has straight boles and conifers 
like Sitka and Lutzii spruce grow much taller. 
Norway spruce does not grow as well Sitka and 
Lutzii and while Lodgepole pine grows well 
enough, it is prone to breakage and twisted trunks 
by even a moderate amount of snow loading.  
 
 
 
 
 
 
 
 

 
 

 

 

 

 
 

 

 

 

 

 
 
 
 
 
 
 
 

 

 

Top right: Budding naturalists in a blaze of colour. Bottom left: Birch and spruce enjoying mutual 
shelter is typical of the coastal boreal forests in other countries. Bottom right: Reynirunnr, 
lofgróinn lauft sæmdar.     Photos: Sæmunder Þorvaldsson 



 
 
Shelter Wood Design 

 
Shelterbelts with a mixture of species, a rough profile and variable density (both horizontally 

and vertically) are much more effective and virtually maintenance-free over the long term than a 
monoculture of uniform height and density. Willow, for example, is a short-lived, pioneer genus and 
becomes spindly and open at the bottom within a few years of planting. Of course, one way to keep an 
effective shelter is to have at least three rows and coppice parts of them regularly every 5 years or so. 
However, coppiced stools of some species, like the European basket willows revegetate well from 
repeated coppicing over many generations; while stools of others, notably North American species, 
tend to die off after a few coppices.  

 
In any case, coppiced or not, willows are really only useful in the early stages of shelterbelt 

development. The main drawback with willows, like all deciduous species, is that their effectiveness as 
shelterbelts is restricted to three months of summer. To some, three months of shelter is considered 
long enough for farming because it is only during the summer months that livestock are put out and 
that hayfields are in production. On the contrary, with a winterized shelterbelts, i.e., one with a high 
percentage of evergreens mixed in with deciduous species, the season for putting out livestock and 
increasing hay production can be extended into the spring and fall shoulder, respectively, to give a 5-6 
month season yielding, presumably, a substantial increase in productivity and a concomitant increase 
in farm income. Besides farmers, many residents in communities all over Iceland have first-hand 
experience of the gradually lengthening of the growing season and the aesthetics and comfort that 
comes with the shelter of a maturing tree cover.   

 
The height of a shelterbelt is not the only desirable characteristic. Shelterbelts with rough 

vertical and horizontal profile tend to be more effective and durable in very windy climates. In the 
author’s shelterbelts in Newfoundland, short to medium height coniferous species, such as conical 
varieties of Chamaecyparis and Thuja, for example, are often inter-planted as part of a low-storey 
roughness element. In fact, ‘tall’ coniferous species, such as blue spruce and grand fir, are deliberately 
kept small partly for accent, but mainly as a component in the low-storey roughness element.  In 
Iceland, as on the Avalon Peninsula of Newfoundland (one of the windiest regions on earth), conifers 
such as Sitka and Engelmann spruce tend to be dwarf or short trees for the first 20-25 years or so. It is 
only at 30-50 years that they become “tall” trees. Nevertheless, during their “formative years,  

 
Since, Thuja and Chamaecyparis species are just beginning to be tested in shelter woods in the 

Vestfjörðs, then perhaps we should rely on slower-growing Norway spruce and rough forms of 
contorta pine mixed with in the usual compliment birch & willows. This strategy will fulfill the role of 
a winter roughness element in the lower and middle strata around the outer edges of the plantation.  
 
Planting Issues 

 
Of course, everyone would like instant gratification from shelter woodland planting. Of course, 

for a very small garden shelterbelt that would be possible with the purchase of large containerized or 
balled & burlapped bare-root planting stock. In planting shelter woodlands on a large scale, however, 
containerized stock plus a great deal of patience is the order the day.  

 
In the south of Iceland, farm shelterbelts are essentially monocultures albeit separate rows for 

willow, birch and poplar and occasionally spruce.  



 
 
Participants in Skjólskógar, on the other hand, tend 

to favour sequential planting, i.e., starting with a 
reasonable fast-growing, quasi-monoculture of 1-3 
varieties of willows, interplanted with birch then spruce 
and sometimes fir. Although poplars are also planted, they 
are wisely waiting for more suitable clones to emerge 
from clonal trials - notably at Lyngholti. Part of the 
reason, of course, for sequential planting over a period of 
3-4 years, arises from filling-in because of mortality. So 
while one can say that sequential planting has arisen by default, the exponential learning curve of so 
many farmers engaged in this comparatively new experience in tree planting, will ensure that 
sequential planting will be the corner stone of successful shelter woodland design.  

 
Sequential planting will probably start with fast-

growing, comparatively short lived, pioneer species, which, in 
2-3 years, will provide a suitable niche for longer-lived and 
more valuable species such as birch, rowan, larch, poplar and 
spruce.  

 
Such shelter woodlands are much more resilient to 

environmental changes and should last for centuries if they are 
taken properly managed. Younger farmers are also most likely 
to provide valuable wood for many products well within their 
own life span. Perhaps the best bonus, is that, since uneven-
aged mixtures of species and varieties of trees (and shrubs), is 
much more attractive than monocultures, they are likely to 
contribute in a large way to an expansion of the tourist and 
cottage-country industry.  
 

On completely denuded sites, and mountain slopes, 
planting can be a tough job may be all the more disheartening 
if plant survival and growth is poor. However, in harmony 
with the old Scots creed - “There’s nae pleesure in life 

withoot hard work and misery” – Icelandic tree-farmers have 
enormous patience and a strong will to keep at it until there is 
some success upon which future generations can build on by 
applying new ideas and equipment.   

 
On the other hand, some ancient techniques for soil restoration and to provide early shelter for 

seedlings and saplings have come into vogue in recent decades – namely, the use of Alaska lupine and 
as Moglsé Queen Anne's lace. This usually involves a combination of seeding and or spot planting to 
encourage natural regeneration of Alaska lupine (in some places mixed with Queen Anne's lace), is 
usually done by the Soil Conservation Service for to build a fertile top soil is sometimes the first step 
in sequential planting - and obviously works well.  

 
 The use of Alaska lupine to restore eroded lands ensures that tree plantations will 

succeed, has become an essential practice for Skjólskógar in cooperation with Landgræðsla Ríkisins. 

Photo: Sæmunder Þorvaldsson 
 



 
Examples can be seen on the lower slopes of Sandafell (Þingyeri) and, more recently across the fjord at 
Höfði. Below are other examples of fields with Lupine and Queen Anne’s lace at Mógilsé and lupine 
colonizing a bare soil above the golf course in Tunga ( Ísafjörður).   

 

 

 

 

 

 

 

 

 

 
 

 

 

 
Mulches 
 

A continuous sheet of black plastic is the only mulch used when planting willow and poplar 
cuttings. On barren, drought-prone sites, grass is sometimes seeded when planting spruce to conserve 
moisture. There is some debate on the usefulness of black plastic. A curious aspect of black plastic, is 
not nearly as much heat penetrates into soil under black plastic as deep as one would expect – given 
that dark surfaces are known to absorb more heat than lighter surfaces. But black plastic has a shining 
which, like the surface of water, will tend to deflect a great deal more of the incoming short wave 
radiation at lower sun angles than say a black cloth.  

 
  By contrast, tufts of grass, including the straw coloured old grass as well as the new green 
grass, will absorb much more solar radiation and transfer it deeper into the soil via the roots, than the 
shiny surface of black plastic at low sun angles in spring and fall. In the diffuse light of cloudy days, 
the difference in heat absorption and conduction between grass and plastic would not be so great as on 
a sunny day. Similarly on sunny, cool days – as when a sea breeze is blowing, the difference in 

Top: Lupine and Queen’s Anne’s lace thriving at Mógilsé. Bottom Left: 2 m tall Queen’s Anne’s lace 
blankets several hectares of the hillside above Mogilsé. Bottom left: Lupine which colonized a barren slope at 
Tunga ( Ísafjörður).  Photos: Alexander Robertson 



 
downward soil heat conduction under grass vs. black plastic on an exposed site is probably not that 
great.  
 

Within the first 2-3 years, root development of cuttings under black plastic, tend grow in a very 
shallow layer of 0.25 –2.5 cm of the soil surface. In fact, there is a disproportionate amount of biomass 
in the roots compared to above-ground biomass of shoots and foliage. The roots, furthermore, are few 
and thickened with a rather scarce fine-root mass. Presumably, the imbalance between thick roots and 
fine roots results from unsuberized fine roots (new roots not yet having developed a protective bark) 
being killed off by either excessive heat under the plastic or, more likely killed off by cold damp soils 
and soil frost. The fine, emerging roots of seedlings are whitish. That is because they have not yet 
developed a layer of bark. In technical terms they are called unsuberized roots. If fine roots are 
exposed to air and dry out, or burned with strong fertilizers, or planted where soil has been compacted 
around them so densely, it breaks or suffocates them. This causes the seedlings to go into shock and 
become stunted (permanently in a lot of cases) and develop a poor root mass. It is hard for people to 
imagine that roots also breathe and, therefore, grows best in soils that have been aerated by good 
tilling. 

 
For the first few years, new shoots are killed off. A common problem with willows is that the 

new growth, i.e., unlignified shoots and unsuberized roots, will continue to grow as long as soil is 
moist, and soil temperature remains above a threshold temperature (usually about 5ºC) even though 
ambient air is at or below 0ºC. Obviously, if unlignified shoots have not had sufficient time to harden 
of before winter sets in then they will be killed off by the frost.  

 
Similarly, if unsuberized fine-roots have not developed bark, they too will die off. In spring, re-

radiation from black plastic may warm up the bark of willows while the underneath the plastic, the soil 
may still be frozen or at least cold enough to prevent the roots from supplying water to the warming 
shoots. The result is that the partially lignified shoots will transpire its reserve of moisture that will not 
be replaced from the soil – i.e., the plant suffers desiccation resulting in partial of total dieback of 
shoots. Much the same principle occurs on barren, drought-prone site where roots cannot provide and 
adequate supply of moisture to meet the demands of flushing foliage in spring and early summer.  

 
The cure for desiccation via drought, 

time-consuming as it may be, is to mix in 
liberal amounts of humus (peat, composted 
manure, etc, into the planting hole). In fact, 
the need to mix humus into the mineral soil 
is well recognized as shown in the excerpt 
from Newfoundland’s Department of 
Forestry tree planting guidelines:   

“on unscarified sites, plant in a relatively 
even mixture of humus /mineral soil; at the 
interface of exposed mineral soil and 
humus, plant in the shallowest layer of 
humus so that at least part of the seedlings roots are in mineral soil (use planting tool or boot to 
scrape away some excess humus).” 

 
Mound scarifiers are ideal for mixing humus and soil and 
providing sheltered nooks for seedlings.  

Photo: Sæmunder Þorvaldsson 



 
 

 
The Icelanders, of course, often go a lot further by rebuilding the humus content in barren soil 

with lupine before mass planting of trees. Unlignified shoots are prone to dieback if they protrude 
above the snow-pack in winter due snow blasting by minute ice-crystals pick up off the frozen surface 
by a brisk wind.  

 
In coastal areas, the absorption of salt 
deposited on young shoots of willow (as well 
as poplar and rowan) by relatively moderate 
on-shore winds in range of 5-8 m s-1 may also 
cause damage similar to desiccation. In fact, so 
similar is damage from salt, snow blasting, 
drought and frost to young shoots it is difficult 
to sort out which them is mostly responsible. 
In moist soils, the problem is compounded by 
‘frost-boils’ as shown in the adjacent photo. 

 
Most of the focus has been on planting of tree species that, for a quarter of a century and more, 

are only scrub forest affectionately known in Newfoundland as tuckamore – such as the plantation in 
the photo of a plantation near Keflavik. In fact, some such as most willow clones, native birch and 
Norway spruce and Mugo pine, are really tall shrubs. The value of shrubs, and tree in their shrub 
phase, is that give that they provide the all important low-storey structure which enables tree species 
(like poplar, spruce and pine0 to grow out of their shrub phase much more quickly. This is partly 
because they provide shelter and partly because their recycling of nutrients via leaf fall gives rise to 
symbiotic mycorrhizae which, once they are well established, greatly enhance tree growth.  

 
As if the weather related problems were not enough, on some farms, geese have done 

irreparable damage to 2-3 year-old willow/poplar shelterbelt plantings. With their strong beaks, they 
can strip the entire bark and leaves off the saplings from the ground up. Not satisfied with that, and out 
of curiosity, the geese will often pull the cuttings and saplings out of the ground entirely. Apparently, a 
stealthy farmer found that usually only 2-3 geese in the flock pick up this habit of stripping and tossing 
saplings. 

 
Mycorrhiza 

 
Among the fungi, are some species of mycorrhiza live on fine roots of trees and shrubs and 

have a symbiotic relationship with them. Mycorrhiza improves a tree’s uptake of nutrients. Of course, 
trees can grow without mycorrhiza – in greenhouses for example, but out in the unmanaged soils of 
plantation they grow much better with it. In fact, it is very unlikely that symbiotic tree species of 
mycorrhiza will thrive in pure peat-based containerized stock produced in greenhouses. However, an 
appropriate species of mycorrhiza is generally introduced into true soil mixes (if it does not already 
occur) for containerized production of tree seedlings.  

 
 The more humus there is in soil, the more diverse is the soil micro-biota. When moved 

indoors, the soil micro-ecology changes dramatically in the higher heat and humidity of a high-tech 

Tuckamore near Keflavik. Note the frost-boils. 

Photo: Alexander Robertson 



 
tree production greenhouse. For example, the all-important utilitarian worms, may not be able to 
escape from the benches to deep, cool soils when it is uncomfortable for them and so they may die off.  
By contrast, one or two of the unsavoury sort of biota that thrives in such conditions at the expense of 
other biota, might escape the normal bounds of predator/prey relationships and begins to flourish 
excessively and run amok on a feeding frenzy of tree seedlings. This kind of micro-ecological warfare 
is the bane of greenhouse owners. That is not to say that it does not happen with peat and synthetic soil 
mixtures. It just doesn’t happen quite as often since Sphagnum peat, at least, has antiseptic properties 
that discourage the more virulent forms of seedling diseases. 

 
Normally, seedlings don’t exhibit any particular colour that is symptomatic of phosphorus 

deficiency. In any case, phosphorus fertilizers last 3-4 years so that seedlings would normally be 
shipped before they had a chance to develop into a colour that would be symptomatic of P-deficiency. 
Of course, if the seedling or transplant that follows, appears healthy enough, but has stunted growth, 
chances are that the phosphorus was depleted by the previous crop(s). Normally, phosphorus 
deficiency is associated with very acid and iron-rich peaty soils. Young stands of natural regeneration 
of fir forests and black spruce plantations in the fog-forest zones tend to have a lighter shade of green 
and stunted foliage and branches. This is more a case of poor uptake rather than a shortage of 
phosphorous per se. More specifically, it is an indication of the lack of a symbiotic relationship 
between the seedling and fungi known as vesicular arbuscular mycorrhiza (VAM). VAM’s are 
endotrophic mycorrhiza fungi, i.e., they inhabit the cells of tree roots. By doing so VAM’s are 
important to plants in the absorption of nutrients. In many cases, P-deficiency occurs, despite adequate 
amounts of P in the soil, infections by VAM’s aid absorption of phosphorus in particular; hence, 
considerably increase seedling growth and quality. Unfortunately, in greenhouse and over-intensive 
nursery production, application of chemical fungicides, such as chloropicrin and formaldehyde, 
generally eliminates or severely inhibits beneficial mycorrhiza fungi along with unsavoury target 
fungi.  

 
 Technically, well-managed soils are rarely nutrient deficient. There are circumstances 

where seasonal soil dynamics creates temporary nutrient deficiencies. Apart from varieties with bright 
foliage, common nutrient deficiencies can be detected in the unusual colours of the seedlings and 
transplants. Quite often, colours of needles in spruce and pine, for example, symptomatic of two or 
three deficient nutrients, are very similar. The problem in describing the difference between them is 
that the English language is not precise enough to convey the differences between subtle shades of 
colours. Of course, seedlings - even conifers - change colour naturally throughout the year and only 
through experience does one get to know the difference between healthy and nutrient deficient 
seedlings. Chlorosis (yellowing) in seedlings which are symptomatic of stress, is similar to those 
suffering from nutrient deficiencies are due to other factors such as water-logging, soil compaction, 
frost, insects, drought, wind-burn, fungi and even the actual application of fertilizers and pesticides. 

 
It is quite normal for spruce and pine to have a bluish or purple hue during winter. If, in spring, 

they don’t green-up and instead change into a yellowish colour, chances are there is a nutrient 
deficiency. For example, the photos show potassium-deficient spruce and pine seedlings, respectively. 
Initially they exhibit a bluish-purplish hue. A couple of weeks later will have a reddish-purple like the 
pine seedlings, and, later still, to reddish-purple and a yellowish hue. On stony, barren soils, it is quite 
normal for spruce and pine seedlings to turn purplish and later yellow-pink in early spring. The 
coloration is caused by the leaching of highly soluble potassium salts from the root zone due to soil-
frost heaving and alternating with flushing by snowmelt. However, when in late spring when 
frost=heaving has ceased and the soil settles down, roots soon penetrate into the deeper layers of the 



 
soil which usually have adequate reserves of potassium. By early summer, the seedlings will have 
acquired a normal healthy colour. In a nursery or garden situation, the initial reaction by inexperienced 
growers is to apply a regular measure of the highly soluble potassium chloride (muriate of potash) 
before spring has truly arrived. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Dalalæða 

Some plantations in Iceland maintain slow growth for decades, then, for inexplicable reasons, 
they start to grow much more quickly.  There are many hypotheses for the cause for this phenomenon  
- mostly related to biological and ecological entity. But there is one the hypothesis that is rarely, if 
ever, broached; i.e., the changes in growth rate may reflect the profile of the turbulent surface layer. 
The turbulent surface layer is the basically the interface between soil and atmosphere. Most of time the 
turbulent surface layer is invisible to us and only recently has technology given us the wherewithal to 
measure it. Nevertheless, we intuitively recognize its impact on trees: for example, on the positive side, 
we see excellent growth, symmetrical crowns and boles: and on the negative side, stunted growth, 
flagging of crowns and contorted branches and boles, and frost damage. Since the turbulent surface 
layer also controls soil conditions, to the list of negatives, we could add poor nutrient uptake, lack of 
moisture, frost heaving, snow drifting and competing vegetation. 

 
In short, there is a shallow layer of cool atmosphere that is essentially a barrier through which 

young trees must penetrate before they can achieve an appreciably good growth rate.  That is so well 
known in Iceland that many farmers erect fences help the trees grow above the barrier quicker. What is 
not quite so readily appreciated is that in some locations artificial shelters cut off air circulation so well 
that they inadvertently create a frost-hollow.  Sometimes, in our frustration, its just too hard to find a 
happy medium; and that is only because have difficulty visualising the nature of the atmospheric beast 
we are trying to tame. Hopefully, the following graphs and text in this section will some light on the 
behaviour of the enigmatic surface wind in particular.  

 
A simple way to visualize wind flow at the surface is to pour hot water into a tray of dry-ice 

and let the resulting fog slide down an adjustable slope (depending on what wind speed you want to 
simulate. In essence, we are simulating a miniature fog bank; i.e. a stationary or moving layer of is a 
cold air. In meteorological terminology, all we have done is create dalalæða (technically known as 
radiation or ground fog). Note the tops trees protruding into a warmer air layer above the dalalæða 
more conducive to growth. 

  
 

 
 
 
 
 
 

 

 
 
 

Dalalæða artificially created with dry ice. Since this 
is fast-moving it technically an advection fog. Note 
the trees protruding into slightly warmer air like 
those Gunnarsholt dalalæða 

Photo: Alexander Robertson 

 Dalalæða in Gunnarsholt. It differs from the artificially-created dalalæða in that it formed in situ (i.e, under calm 
conditions)  and technically is a radiation fog. Note the trees protruding above the fog.     Photo: Alexander Robertson 



 
 
 

 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 

The graph on the left shows a characteristic temperature profiles for a calm, cloudless day: i.e., 
the temperature of air decreases with height, and with depth in the soil during the day; conversely, 
temperature increases with height and also with depth of soil during the night. The pair of graphs on 
the right has matching clips of dalalæða from the photographs of Gunnarsholt and Lyngholti, 
respectively. However it should be noted that, since both photos were taken about 20:00 hrs in the last 
week of June, the graph on the left does apply Iceland’s case when there’s no night at time of year.  

 
The Gunnarsholt dalalæða is radiation type of ground fog; i.e., it forms in situ.  The series of at 

Lyngholti is an advection type as a result of cold, downslope mountain air slowly drifting out of 
Núpsdalur with a temperature profile for vertical strata of inversion layers separated by dalalæða. Note 
that at Gunnarsholt and Lyngholti the surface of the soil is colder than the layer of dalalæða. This 
situation not conducive to good tree growth, because the unsuberized roots in particular will slow or 
cease to assimilate and supply nutrients and water to the crown. In fact, if there is a very shallow, 
persistent cold air layer on the surface (with or without dalalæða), which dampens heat exchange 
between atmosphere and soil, then it much harder for tree seedlings and saplings to grow appreciably.  

In this photo of Lyngholti captured an unusual series of inversion layers separated by dalalæða.  The surface 
Dalalæða drifts through a depression and partly over a low ridge.  On the middle-left there is a prominent 
Dalalæða wedged between layers of warmer, drier air and faint traces of several other above it blending into a 
thin veil of low cloud towards the centre. These are slow-moving dalalæða resulting from cold-air draining out 
of Núpsdalur onto the coastal plain and provide a  classic example of fanning (neutral buoyancy in 
aerodynamic terms) due to the stable atmosphere with an inversion.                     Photo: Sæmunder Þorvaldsson 



 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
In summer, down-slope mountain winds are generally benign; although, occasionally, they can 

be gale-force and even hurricane-force from the passage of storms over Iceland. One of the reasons 
they are benign is because heat convection from warming of valleys, which generates up-slope winds 
combined with the roughness of the mountainous topography creates enough turbulence to dampen 
wind speeds at lower elevations. However, as shown in the dry-ice model in the photos above, a layer 
of cool, moist air tends to collect on glaciers and snow-covered plateaux  - which inevitably slides 
down the steep slopes and through mountain passes and settles into narrow valleys.  

 
Ocean breezes flow on-shore. When lapse conditions exist (i.e., tempreature of the atmosphere 

decreases with height, it doesn’t generate fog. However, with an inversion (i.e., temperatures increase 
with height) and the atmosphere is realatively stable (virtually no wind) then fog develops with the 
ocean sea breeze.   In fact, as the adjacent photo shows, sea-breeze fog often has enough  to creep up 
valley, around montains and  through over passes. 

 
 

 
 

 
 
 
 
 
 
 
 
 

 
 
 

In the inset on the photo on the left and its enlargement on the right, we can see the kind of tug-o-
war between the as cold, moist mountain-top air arches over pockets of heat rising from the lake 
and valley.                                                                                                       Photos: Alexander Robertson 

Left: Sea breezes blowing on-shore are often strong enough to flow uphill enough to reach and go partly 
over mountain passes. Right: In mountains areas, both onshore (upslope) and offshore (downslope) winds, 
respectively,  undergo horizontal convergence, funnelling (i.e, where air flow becomes much faster as it 
becomes  concentrated into ‘jets’)  and finally divergence. In the vertical case (dashed lines) wind speed can 
more than double where air flow converges just below the crest of the hill.       Photo: Alexander Robertson 



 

 
Wind 
Wind Patterns 

 
We sense the benign sort of turbulence as relatively calm which we see in the stationary type of dalalæða (radiation ground fog). 

When heat and moisture advected (i.e., moves laterally across the surface) turbulence forms distinctive patterns. Westfjords generates a 
rich array of well known and understood patterns which leave their signature in the form of ripples and streamlines - such as in the photo of 
the Dýrafjörður.  What is not so well appreciated, and as will be shown below, the same basic patterns  also occur on land.  
 
 
 

Goertler Vortices 

Helical Vortices 

Honamis 

Calm 

Þingyeri 



 
  
 The structure of the three types of turbulence is best appreciated at a smaller scale, such 

as on the river in the photo below. Honamis is Japanese term referring  to a disturbance caused by 
downward bursts of turbulence. On water fast-moving they appear as fast-moving series short-lived 
patches of ripples flitting across water and, similarly, patches wavy grass on a field – colloquially they 
are known as  “cat’s paws”. Helical vortices arise from across-slope winds and cornering winds being 
atreamlined into jets which roll off the slope onto to the near shore. Görtler vortices, and the laboratory 
equivalent Bédard convection, are a pair of longitudinal helical roll vortices turning in opposite 
directions. They are easily recognized by more-or-less parallel streaks of foam as in the photo below; 
or as alternating bands of rippled and smoot surface like those at the upper end of Dýrafjörður.  

 
 
 
 
 
  
 
 

 
 
 
 
 
 
 

Görtler vortices can be regulalrly seen on a grand scale as longitudinal bands of clouds  
especially in early spring  over the Labrador sea  as shown in the satellite image below, or on a smaller 
scale the advection type of dalalæða at Lyngholti.  

 
Regardless of whether Görtlers  form steaks of 

foam on water or as bands of clouds, the process of 
how they are created is the same; i.e., a prevailing 
wind direction blowing cool air over warmer water or, 
as was case over the Labrador Sea, an upper warmer 
air mass blowing over a much cooler lower air mass. 
Essentially what happens, as the diagram shows, cold 
sinks close to the surface 
whre it is warmed and 
hence rises again. The 
prevailing wind organizes 
this cooling and warming 
cycle into a pair of 
longitudinal, opposite-
circling  helical spirals – 
hence the foam and 
surfactants are collected 
where the spirals meet at 
the bottom. 

Foam

Calm – shelter by the lee of 
a wooded hillside 

 
Helical Vortices – airflow 

rolling off the land is organized 
into spiralling jets that wind-row 
the foam  into streaks. 

 
Honamis - downward gusts 

of turbulence create fast-moving 
ripples (cat’s paws)     

 
Görtler Vortices – pairs of 



 
Similar patterns of turbulence (wind) also occur on  land;  however, apart certain troublesome 

mountain winds, we not used to classifying various patterns of interest to farmers and foresters. 
Nevethyeless as later in the section trees and vegetation can give clues to the nature turbulent patterns 
that foresters would find useful in understanding the effects of various winds trees and plantations.. 

 
 The natural wave on a coastal plain in the photo below is an extremely rare phenomen. 

On the pond the waves are perpendicular to the prevailing wind, while the longitidal streaks created by  
Görtler vortices are, as they always are, parallel to the prevailing. The same principle creates the 
longitudinal sand dunes, i.e. the small ripples on the sand are perpendicular to the prevailing wind 
while the elongated dunes are more parallel to it. The edge dieback followed by vigorous regeneration 
are the forest landscape. The dead-tree strips move across the landscape like waves in 60-70 year 
cycles. The wave forest was apparently created is maintained  by a peculiar system helical roll vortices.  
Of course, there are many wave in eastern North America and Japan, and probably Siberia, but these 
are all on hillsides making this only known example of wave forest coastal plain somewhat unique to 
north western Newfoundland.  And while it has no relevance to Iceland, or the Boreal in general – 
there are some aspects of vortices which definitely impact on plantations as well as patterning of in 
Iceland 
 
 
 

 
 



 
Linear eolian landscape features Goertlers (parallel helical roll vortices) commonly occur on land 
creating on many scales ranging from the aeolian linear dunes at Rub´al Khali, in the Empty Quarter of 
southern Saudi Arabia conspicuous from space to small linear dunes in Iceland. 
  
 

 
 
 
 
 
 
 
 
 
 
 
 

Linear dunes like those on the desert of Rub´al Khali are common in Iceland  and occur on 
many scales; although we are not always aware of them. The ones we normally see are the larger hence 
more obvious ones on eolian sand deserts across central Iceland. Much less obvious are the  linear 
micro dunes such as those in the photos below. 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

Linear dunes at Rub´al Khali, Saudi Arabia as seen from the space and at ground 
surface: Satellite Images: Space Shuttle (left) and Landsat 

 

In the top photos the direction of the larger linear dunes (left-right) are easily seen. However, the 
linear micro-dunes become visible close up and are oriented approximately perpendicular to the 
main dunes.  In other words, large, parallel helical roll vortices formed the large dunes, and tiny 
parallel helical roll vortices form the micro-dunes                                    Photos: Þrostur Eysteinsson 



 
 
 

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
The Westfjord’s SW-NE  

alignment of its mountain ranges suggests 
that, over millions of years, some sort of 
helical vortices associated with erosion 
was and still is involved in creating the 
band-like mountain range. Regardless of 
the past, the regular topography definitely 
generates band-like linear vortices. 
Occasionally, when the vortices are very 
compact and become hurricane force when 
channelled through a narrow valley by 
wicked nor’easters, their violence can be 
downright terrifying – as the families at 
the Hydro station in Mjólka will tell you. 
The good news is that most of the time the 
vortices generated by benign weather 
sytems tend to keep the windiness aloft 
which, in part, explains why trees in the 
Westfjord’s don’t show any great extent of 
flagging where those who study wind 
effects on trees expect them to do so. 

 
 
 

Linear dunes in south Iceland. Left:  emerging on the lee of a barrier (blue line indicating from: 1 – linear 
flow, 2 - rollers and 3 - horizontal vortices. Right: The grassy linear dunes at the top of the photo appear to 
have been created by solifluction i.e., drainage  toward the ditch-like depressions; while those in the bottom 
half of the photo appear created at least in part by Görtler-like linear vortices. 

Photos: Sveinn Runnolfsson (left) and Ólafur Arnalds. 



 
The landscape photo of the east slope of Bakkadalur provides an example of highly 

concentrated helical vortices combines with erosion in creating distinctive patterns in the landscape 
accentuated by the alignment of vegetation into strips at angle of roughly 35°. No time was available to 
causes for this somewhat peculiar pattern. Bakkafell is noted for frequent very strong winds, however, 
so we can safely assume wind is primary reason for the patterns. The first possibility is that they are 
unusually strong upslope winds which could be substantiated the flagging of trees and shrubs in the 
uphill direction. However, the series of shelves would tend to organize the wind into across-slope 
helical vortices. If that is the case, then it is probably that the patterning has much more to do with the 
way in which snow-drifts are shifted across the slope. If that is the case, then what we have patterning 
of small areas with a shorten asper (snow-free) season, hence very active soil-frost heaving prone to 
severe erosion and poor habitats for vegetation to take hold. While the strips with vegetation are 
relatively better protected by a much longer asper season.   
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

The wind-shape  landscape  features at Bakkadalur in Reykhólsveit  that are oriented approximately 35° 
upslope  above.                                                                                                             Photo: Alexander Robertson 

Topographical map of Bakki (inset) where strong northeast winds funnelled 
through valley have created an unusual landscape feature (note the main valleys are 
oriented SW-NE) 



 
 
Local Winds 
Wind Data 

 The characteristic of frequency of wind directions is quasi-bimodal. It is well known 
that the strongest and less frequent winds are from the northeast and moderate winds are from the 
south that, for most of the Vestfjörðs, is associated with off-shore (downslope) mountain winds, and 
onshore sea breezes, respectively. Assuming the wind data from the meteorological station atop 
Þervfell is representative of a reasonably free-stream air-flow (i.e., it is more-or-less unaffected by the 
topography) wind speed is not severe for such an elevation in a coastal climate.  

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 The wind speed profile at Þervfell is 

similar the airport in St. John’s, Newfoundland which is at 
an elevation of 75 m and 2 km on the coast and, is exposed 
to winds from all directions – the worst of which, like 
Þervfell, are the nor’easters. However, dense balsam fir 
forests 11 m tall on average dominate the landscape around 
St. John’s. While this does not imply that forest could ever 
grow atop Þervfell, the forests of St. John’s demonstrate 
that, for to a prevailing wind below a maximum of 11 m s-1 

it is the qualitative not the quantitative aspect of wind: i.e., 
its temperature and relative humidity plus whatever sea-salt 
and surfactants, dust and snow is borne on and deposited by 
its air-streams; and not windiness per se which affects tree 
growth. If we only have to consider wind regimes, then 
locations with benign wind regime in low-lying areas 
such Holardýr where trees are not prone to strong 
flagging, indicate prime forest potential.  

Þverfell – 

Hólar – Elevation 20 
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    The quickest way to determine whether a locality has frequent strong surface winds is to 

observe the orientation of dead tufts of grass. If the blades of grass of the tufts are lying on the ground 
in no particular direction, then strong winds are infrequent. If the tufts of dead grass are in a particular 
direction, however, then they do so because they were windswept  (with or without snow drifting). Of 
course, flooding by overflowing rivers can also sweep the tufts as the water drains. But river flooding 
is rather very limited in the survey area in. Arrows in the map show that the direction of moderate-
strong winds that affect tree growth is from the northeast.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The nor'easters are modified by the nature of the topography by medium-scale landscape 
features such as fields, escarpments on mountain slopes, ridges and shoulders, large fields as shown in 
the map above. But, from a tree planters point of view, it is modification of wind by small-scale 
landscape features such as ponds, undulating fields, small depressions, drainage channels, boulders, 
roads, buildings, garden walls and fences, spinneys (clumps of trees) and shelterbelts, hummocks of 
moss and heath, etc. that are just as important. 

 
The most important point to remember about wind, regardless of scale, is that does not flow in 

the neat straight lines. Some may be forgiven if they have seen wind tunnel studies that, to them indeed 
appear as if the wind flows in straight lin 



 
   Even locations that are persistently windy 

trees will grow, although the may not amount to 
little better than scrub forest. In Newfoundland 
it is called tuckamore. A good example is the 
plantation shown left on the north side of a 
mountain pass at Bíldudalur, which is clearly 
wind-swept by strong easterly up-slope winds. 

 
Another example which involves moderate 

winds laden with sea-salt and cold, frost heaved 
soils is the spruce tuckamore plantation in the 
photo below which is very much like coastal 
tuckamore in Newfoundland.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
The Reykhólar area is well known for brisk, south westerly and much less frequent north easterlies, 
respectively. It shows up in the strong flagging of trees, notably broadleaved trees like rowan and 
birch.  

 
The photo the tree leaning against the house in Miðhús close to Reykhólar may be a little 

misleading in terms of deciding which wind direction is most responsible for excessive lean. We 
know from driving through Reykhólar that persistent southwest winds cause trees to flag towards the 
north. But we can tell from the background landscape that this tree was tilted oblique to west side, 
supposedly the sheltered side of the house; i.e., sheltered from the less frequent, but stronger 
nor’easters. The fact that young branches are growing vertically tells us as much. Close examination 
of the root collar visible below the top rail of the fence, shows that the root-plate has been tipped 
gradually or in one fell-swoop by unusually strong gust from the west. The strong gust developed 
when a brisk south-west winds was compressed into strong jets along the steep mountain cliffs. The 
jets are at their strongest and gustiest just before they decompress (diverge) as the wind turns the 
corner below the summit of Miðhúsahyrnd. and is also channelled somewhat to the southwest by the 
low depression where Miðhús is located. Incidentally, this type of partial wind throw is known as a 
hinged root-plate. 

The venerable tuckamore on the Keflavik lavas, note the severe hummocks 
due to soil frost heaving.                                                       Photo: Alexander 
Robertson 



 
 

 
 

 
 

 
 

 
 

 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Wind-tilted tree on the west wall of 
Miðhús     Photo: Sæmunder Þorvaldsson 
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 On the right side of the adjacent photo is a 
European larch planted in 1908 and, therefore, is 
one of the oldest in Iceland The other trees in view 
are rowans and perhaps an elm. The rowans have 
generally straight boles and symmetrical crowns 
indicating the wind are generally benign. The 
tortuous trunks of the larch indicate that it has 
battles with spring frost and only on its top-right 
side does it show signs of flagging. The 
explanation for this is that for most of existence it 
has been sheltered from onshore sea-breezes and 
only in the last decade or so when it has grown 

higher than low (not in view) has it become exposed 
to persistent wind. The fact since larch is a 

deciduous conifer it is only affected by persistent sea breezes during the growing season. 
 
Down-slope winds or, more precisely, cold air drainage occurs when cool air collects on 

mountain plateaux and eventually slides down the hill in a relatively thin layer; accelerating as it 
descends. However, the summits most mountains in the Vestfjörðs don’t have great expanses of 
plateau, so that strong surface winds associated with cold air drainage is driven more by the synoptic 
weather pattern of the weather systems. Prevailing winds and small changes in their direction due 
surface-relief (hillocks, gullies, boulders, ditches, buildings, trees, etc.,) can be mapped by the 
orientation of tufts of grass on fields, by the degree of flagging of single trees and on the edges of 
plantations, the shape of sand dunes, and wavy ripples on bare soil and rough, furrow-like mounds 
with mostly lichens one side and heath on the other. Of course, we also have to factor in the possible 
influence of snow creep, frost heaving and, in the case of mounds, solar radiation, snow drifting and 
frost heaving – but these are not over-riding factors on gentle slopes and flat land. In the photo of 
Núpur and clips of plantations – Núpur on the left and Skruður on the right – the fields, hillside 
pastures and plantation collectively indicate that the direction of strongest winds flows out of 
Núpsdalur. No great surprise there! 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 

The general flow of downslope 
and valley winds below Nupur 
determined by the orientation 
dead tufts of grass and tree 
deformation.              

Photo: Alexander Robertson 

 Photo: Sæmunder Þorvaldsson 



 
 
 
 

During summer in Vestfjörðs, winds are relatively benign. Gales and even hurricanes with 
wind speeds around 35-40 m s-1 occur during fall and winter. At the time of writing (Nov. 2, 2001) 
Sæmunder emailed Sandy to tell him that the day before  "The wind (SW) was 35 m/sec. slamming up 
to 45 m/sec, I could hear from inside the house screaming noises from the wind wrestling with Núpur 
peak - like a loud symphony -“The Singing Núpur”. It was frightening, but all are well, minus some 
doors here and there." The “symphony” that Sæmunder was created by shoulder winds crossing over 
the gully and around Núps – albeit in the opposite direction shown below. 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

Solid lines indicate general flow across valley, across slope winds determined on the lower elevations by vegetation. 
The dashed line represents an idealistic spiral vortex suggesting how the winds traverse across and down the slope. 
Though more benign than spiral vortex transports snow tends to transport snow over higher obstacles, the edge of 
a plantation more efficiently than stronger, narrow surface streamlines.                      Photo: Alexander Robertson 

The deep gully protects Hjarðardalur by funnelling cold downslope winds off the snow covered mountain 
plateau away from the farm. As the relatively laminar flow over the smooth plateau drains into the gully it is 
roughened up by turbulence which greatly reduces momentum which explains why is relatively calm at 
bottom of the gully.  The consequence is that lower slopes are ideal for woodlands. 

Photo: Sæmunder Þorvaldsson 



 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

On very steep slopes with roughened with erosion channels and one or more layers of vertical 
cliffs downslope winds are usually benign. This mainly because by a layer of steep cliffs interrupted. 
The smooth downslope flow and converted to turbulence will mix the cold downslope air mixed with 
warm air rising from the fields; hence, the expanded and lighter air mass will arch will over the farm 
onto the fjord the like the repetition of the model of downslope wind showing the mist arching over the 
lake. 

 
 The type of turbulence that it is 

(honamis, cat’s paws or rollers) will be seen 
where it the touches down by and leaves its 
signature in the patterns of waving grass along 
the shore and fast-moving ripples flitting across 
water. Onshore winds that skirt the lower slope 
will tend to be converted to turbulence as it piles 
against the mountain. If any streamline develops 
on the fields they can easily be broken with 
plantations and shelterbelts. 

 
Downslope winds are generated by the rapid cooling of the surface during inversion  - i.e., 

when temperature rises with elevation - and by deep shadows of expansive mountain slopes. In those 
circumstances the winds are relatively benign and plants tend to suffer more from cold, damp air than 
wind speed per se.  Benign as they are, the cold air of downslope depresses plant growth. Even benign 
downslope winds with a sub- zero temperature may destroy buds in a semi-dormant stage and even 
new shoots on windward side. The colloquial term for that type frost damage recognized by its 
reddish-brown colour of needle-like foliage of conifers is called “winter-burn”. Sub-zero downslope 
winds also occur in summer and damage is usually restricted to needles of conifers and leaves of 
deciduous trees that, for convenience, we should call “summer-burn”. 

Despite the dramatic austerity of the upper slopes, downslope winds are likely to be 
benign because turbulence and rising warm air.           Photo: Sæmunder Þorvaldsson  
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Wind in a Small Area 
Lyngholt – Lækur 
 

  The adjoining farms of extend from the 
coast to the entrance of Núpsdalur. Lækur and Lyngholt 
are renowned for their eiderdown farm having 
painstakingly built up the eider duck colony over several 
decades. The farms also have one of the oldest spruce 
plantations in the Vestfjörðs because of the Sæmunder 
Þorvaldsson’s father Þorvaldur who, with his brother 
Hjorleifur, had a nursery at Laekur in the 1930’s, 

 
In recent years, most of the fields have been 

dedicated to experimental plantations and planting is 
being extended to the severely eroded land beside 
Lyngholt. 

  
From a foresters’ standpoint, because of its 

location, topography and its broad range of natural and 
anthropogenic micro-landscape features - generating a 
myriad of micro-climates coupled with plantations 
established over several decades – Lyngholt provides an 
excellent opportunity to study complex influence of 
weather on trees. Given that the Alexander Robertson had 
little more than a week to look over the area, he can offer 
only few general comments regarding the influence of 
wind in a small area based on observation of local 
vegetation. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Westerly view from Lyngholti showing the poplar and willow clonal trials (centre) and a mixed 

coniferous plantation by Sæmunder Þorvaldsson.                         Photo: Alexander Robertson 
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 The aerial photo and the accompanying drainage map of a slightly larger area indicate a 

very complex array of micro-landscape features.  The photo was taken in the morning (evident by 
shadows cast from bottom left to top right).  
 

The valley and the lower slopes like most of lowland in the Vestfjörðs was probably originally 
covered with birch woodlands prior to the age of settlement. The present system of deep drains dates 
from the 1950’s when heavy machinery became available.  
 

 The drained fields on the right side of the river intensively managed for hay production: 
while those on the right a have been dedicated to experimental tree plantations.  The patchy coloured 
area extending southward from Lyngholti and on along the north edge of fields between Skruður is 
either a terminal moraine or an old landslide. The light patches are barren hummocks eroded by wind, 
water and soil frost following loss of vegetation cover by over-grazing; the darker shades drainage 
channels of sedge and heath. 
    

 The area to the right of the road junction to Lyngholti and Lækur and south bank of the 
river is mixture of swales dominated by sedge (dark patches) and Rhacomitrium-heath barren – the 
lighter shade being Rhacomitrium, the slightly darker dwarf shrubs and sedge. 
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Cold air drainage through valleys, with or 

without advection type dalalæða, is common frequent. 
Over rough surfaces, convected heat in the lea of small 
hills and hummocks are often strong enough to counteract 
the gravitational flow of colder, heavier air at least until 
their heat is dissipated. Ditches can be either channels for 
cold air if they are parallel to cold air flow: conversely, 
convection from the relatively warmer water flowing 
through them will tend to lift cold air flowing across the 
drain. Of course, no one would ever plant in a drain like 
this one at Lyngholt; nevertheless, on sites with frequent 
cold air drainage is hazardous to tender newly-planted 
seedlings, furrows ought to not to be too deep and be 
oriented perpendicular or angular to the main flow of cold 
surface air to provide them with at a modicum of 
protection. .  

In the adjacent enlarged clip from the bottom 
right corner of previous aerial photo the vegetation has 
form distinctive linear patterns – their orientation 
highlighted by dashed lines. The pattern seems to have 
formed independent of the general slope of the land – 
i.e., in most case, approximately perpendicular to it.  
The broader, lighter-coloured bands arise about 50 cm 
above the narrow darker lines. The substrate is very 
stony gravel not fit for cultivation. At ground level, 
they would not be visible unless the observers not used 
to looking for wind-shaped vegetation patterns.  

 
It is not known exactly how the linear pattern 

was created. They run perpendicular to the slope and 
main erosion deposits. Looking at the furrows from the 
west, one sees mainly Rhacomitrium moss and some 
lichens, whereas looking at them from the east, heath 
and shrubs dominate. The vegetation tells us is that 
Rhacomitrium moss dominates the drier, warmer and 
presumably windier east side of the low rises; while 
dwarf shrubs (dark bands) dominates the cooler moist 
side. But the demarcation between lichen and shrub, 
arm vs. cold or windy vs. less windy is not always well 
defined. In the bottom left corner one can make out 
faint bands of shrubs within a Rhacomitrium-blueberry 
mosaic, while on the bottom side of the yellow line, 
more-or-less pure Rhacomtrium for furrow-like 
hummocks. The rills on a short, steep slope (within the 
yellow line are accentuated with the deep shadows are 
also colonized with strips of Rhacomitrium and 
blueberry.  

 



 
Since infrequent nor’east winds shift a great deal of snow towards Lyngholt (top right to bottom 

left) then it possible that a parallel system linear vortices may be partly responsible for the formation of 
these peculiar bands. The influence of wind and snow on trees and suggestions on how to reduce snow 
drifting is discussed in another section of the report. 

 
In any case, the small household willow shelterbelts at Klukkuland 3-4 km into Núpsdalur don’t 

show any great stress from wind. Therefore it should be possible to grow trees at least to the base of 
slopes. Of course, to compensate for possible negative effect of streamlined wind at the surface of 
scarification should be oriented across the valley to provide sheltered nooks for young seedlings. 
Planting fast-growing species of poplar to test the wind and cold air drainage and will give an early 
indication of what, if any, modification to the plantation design need to be done on the windward side.  

 
The demarcation between sheltered vs. windy sites or, more to the point, between potential 

woodland and non-potential woodland sites, respectively, is usually very clear. In this photo west 
slopes below Klukkulandshorn are barren and still actively eroding judging from the fresh rocks rolling 
onto the grassy lower slopes. The south slope is stable in the sense there are no rock falls, instead 
because it is well sheltered, much more snow tends to collect on this side and, in spring, rapid melting 
of snow would account for the numerous furrow-like channels – most running straight down hill and a 
rather pretty one curving around the shoulder which is also being colonized by vegetation. Apparently 
the narrow ridges between the channels remain moist enough to allow heath to colonize much further 
upslope than anywhere in Núpsdalur. In fact, somewhere in the shadows on the south slope (above the 
shed), there is a reasonably good plantation. 

 

 
   In fact, it is how well we apply our knowledge of surface wind at the small scale level 

that largely determines the outcome of a new plantation. For example, on flat land, if we align furrows 
parallel to a prevailing wind, we increase the either run the risk of subjecting seedlings to drying out by 
strong winds channelled down the furrows. Conversely, aligning the drains perpendicular to strong 
winds does provide shelter and conserves moisture (too much in some cases) but, in winter, there is the 
risk the sheltered site may become a micro-frost hollow with soils prone to frost heaving. The happy 
medium is to hire is to simulate the path of a drunken piper, who tends weave across the landscape in 
curvatures, and never in a straight line. Curved furrows are more likely to reduce the extent of drought, 
and provide air circulation that would effectively eliminate micro-frost pockets and concomitant frost 
heaving. A hint of why the curved furrows are effective can be seen in the pattern and vegetation 
hummocks at the junction of the main road to Núpur and the short branch road up Núpsdalur. 



 
Obviously, the combination of solar heat and wind channelling dries out the west aspect of the 
hummocks to favour a carpet of moss and lichens; whereas, the cooler, moister east side favour dwarf 
shrubs and heath. The incidence of frost hollows is cancelled out by the roughness of the hummocks 
such that cold air drains laterally as well as along the main channel, as does soil moisture. It would 
appear that the hummocks have 'matured' in the sense that have become organized into parallel rows 
and since beginning to be dominated, suggesting that frost heaving is no longer much of a factor within 
the hummocks. Of course, the evolution of hummocks belong in the realm of eco-dynamics than 
plantation forestry but it some relevance to tree planting, albeit a minor. 

 
Skruður Plantation 

 Like the plantation above the school at Núpur, the plantation adjacent to Skrúður 
Garden also suffers from down-slope winds and snow creep and drifting. However, judging from the 
larger trees in the bottom east corner indicates that the direction of crown flagging was caused by a 
combination of shoulder winds and down slope winds. This probably results from the escarpment 
highest up on the mountain intercepting strong north easterlies and redirecting it downwards, while 
lesser shoulder winds lower down the mountain slightly bending airflow towards Skrúður. 

 
 

 
The principle clue that moderate, across-slope spiralling surface winds are involved can be seen in 

the direction of which tufts of old grass are oriented for at least a kilometre northeast of Skrúður.  
 
Because the winds descend partially across the slope, they no doubt tend to roll over as helical 

roll vortices as opposed to more or less laminar (streamlined) patterns as in down-slope winds flowing 
parallel to the mountain slope. During the growing season, depending on wind direction in the upper 
atmosphere, the mountain slopes are periodically flushed with cold down slope winds. The overall 
effect on trees is a reduction in the length of corresponding needles, shoots and twigs. In some 
instances, especially on particularly cool days, down-slope and shoulder winds may be fast enough, to 
pick up dust from dry bare soil is much the same abrasive effect as minute ice-crystals. 

Left: Shoulder winds affecting the Skrúður plantation: straight arrows show the general direction of 
wind, whereas, in reality, they probably spiral, in so doing shift a lot more snow down slope such that it 
would inundate the plantation. Right: Aerial photo of Skrúður Garden has the oldest larch tree planted in 
Iceland (arrow). The dark line on the right is the remnants of a plantation.    Photo: Alexander Robertson                                                    
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Mjólká Hydro Station  

 Violent hurricane-force winds occasionally make life miserable for the residents at the 
hydro generating station at Borgarbergi. These result in part from funnelling and channelling. 
Funnelling is where the wind is forced up the narrow fiords where it through the narrow fiords where 
wind speed can be doubled and some case tripled. When the air has reach the high elevations, 
channelling steers it in a particular direction according to the topography and prevailing (free-stream) 
wind. Gláma and the areas adjacent to it have a permanent inversion on the glacier that cools the air. 
The cold air is then trapped between an approaching warm front from the northeast and high elevations 
on and around glacier and builds up. Eventually the air drains and is funnelled down the valley in a rush 
of incredibly powerful “jets” that are strong enough to destroy the power transmission line which 
crosses the valley. The 700 m high cliffs on the west side Borgarfjörður channels not only accentuates 
the volume and the power of the “jets” it also forces shifts the air to the opposite of side the bay as it 
takes a slight, but nasty turn before it exits onto Arnarfjörður. The problem for the hydro station is 
compounded by Dynjandisvogur that allows for a little bit of divergence (i.e., it releases some the 
pressure) but, unfortunately, barely enough to dampen the force of violent cornering “jets”.   

  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
The question is what can be done about it.  One of 

the problems over time is that the very strong cornering 
winds in concert with erosion by water and frost have 
opened depressions that channel surface wind towards the 
hydro community (blue lines). Obviously, the berms can be 
heightened and reconfigured to steer more towards the fjord. 
In addition a series of roughness elements could be installed 
create more surface friction and help redirect surface wind 
Of course they have to be strong enough and porous enough 
to withstand incredibly strong winds. These could be used to 
shelter saplings until they grow above them and become 
effective living shelterbelts.  Planting wind-resistant species 
on the windward side also may be helpful since these would 
also eventually become roughness elements. 



 
Wind And Snow 
Dry-Ice Models 

Visualizing the structure of wind is hard enough for aerodynamicists let alone anyone else.  To 
‘see’ wind one usually needs an expensive wind tunnel. But for practical purposes demonstrations 
using cubes of dry ice (much easier to handle than liquid nitrogen) is a very simple technique. 
Essentially all one does is to add cubes of dry-ice to a container of hot water and let it slide down a 
board onto, say, an arrangement of model trees. The photo below is an example of a dry-ice test 
chamber made of plexiglass 
 

 

 

 

 

 
 
 
 
 

 Dry-ice models made from cardboard boxes and twigs from Juniper as model conifers, 
are just as effective as shown by the photos of a demonstration during the annual general meeting of 
the Westfjörðs Farmers Association at Birkimelur.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Left: A dry ice made of plexiglass with a fine mist, created with dry ice  mixed in hot water, 
sliding down a sloping board onto a model landscape.  Right: Example of a heavy mist to 
show simulating strong winds flowing through the landscape. 

Model and Photo: Alexander Robertson 

A flimsy, but effective dry-ice test chamber constructed from cardboard boxes and twigs of Juniper for 
model coniferous trees.  Left: a demonstration essentially to show that a straight of trees with their lower 
branches is ineffective in blocking wind and/or snow drifting.  Right:  A gap in the trees on the windward 
edge acts as a very effective snow trap.     Photos: Sæmunder Þorvaldsson (left) and Alexander Robertson 



 
Structure of wind  
 
 
 
 

 
 

 
 
 

 
Although the dry-ice demonstration focus on the 

behaviour of air flow, the principles of fluid motion for snow in 
and around trees and woodlands is much the same (albeit snow 
remains in situ when it piles up) with the exception of strong 
heat convection from warm surfaces heat is absent (except for 
hot springs).  That being so, the adjacent graph illustrates the 

reasons for the dipping and piling or, in the case of snow, why snow drifts form on the windward and 
leeward side of trees.  
 

 The graph below gives a much broader definition of the structure of wind that, for our 
purpose, can also be applied to the structure of snow drifting. 
 
  
 
 
 
 
 

 

 

 

 

 

 

 

 

Left: This model represents patterns 
of air flow under broadleaf trees with 
the lower branches removed during 
moderate wind speeds; note the 
pattern of drifting is similar to the 
cirrus including linear helical-roll 
vortices  created by the tree trunks. 
Right: The flow around trees during 
strong winds: note how the cold air 
dips and piles up on the windward 
side, and repeats it on the leeward. 

Model and Photos: Alexander Robertson 

Pile 
 
Dip 
 
 
 
Pile 
 
dip 

A. Homogeneous – air-flow (also with 
airborne snow) over a smooth surface 

 
B. Turbulent Convergence – air (and 

drifting snow) dips and piles up when it 
encounters the trees 

 
C. Turbulent divergence – air (and 

drifting snow) dips when squeezed and 
increased density of resultant jets. 

 
D. Turbulent Mixing – volume of air 

mass (including airborne snow) expands 
(while snow drifts build) due decreased 
momentum. 



 
Snow-Drifting 

Cold air drainage down mountain slopes with a particularly long fetch down an icy surface 
snow pack develops into a more or less streamline flow pattern. These fast-moving streamlines pick up 
ice-crystals in a narrow band. The height of the band of airborne ice crystals depends on surface 
roughness, e.g., the smoother the surface, the less friction between surface and air, hence the narrower 
the band of airborne ice crystals. Snow blasting, i.e., damage caused to foliage and twigs by airborne 
ice crystals, is similar to sanding blasting used to strip paint from cars. Of course, the pressure of snow 
blasting is minuscule compared to high-pressure sand- blasting. Snow-blasting is imperceptible to the 
naked eye; nevertheless, its cumulative effect is to wears off the protective skin needles of conifers, by 
removing first the outer layer of microfibrills, which gives the tree a bluish cast, then cause pitting in 
the waxy surface, eventually the stomata on the windward side of trees protruding above the snow 
pack. Incidentally, during periods of drought, the effect of sand blasting of trees planted in deserts and 
on rocky barrens is essentially the same as snow blasting.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The result is desiccation through excessive water loss through the minute pits and abrasions on 

the needle surface and poorly functioning stomata. In fact, an early warning signal that spruces are 
being damaged by snow-blasting is when the upper branches which would have protruded above snow 
crust lack a bluish cast' while the branches protected below the snow crust or well-sheltered by other 
trees of buildings, have bright bluish cast (bloom)1. Sitka and Engelmann spruce needles are somewhat 
more resistant to snow blasting than needles of Norway spruce and pines partly because the thicker 

                                                
1 The bluish cast or bloom is thought to be an adaptation of cloud-forest species whereby the bloom (i.e., the surficial microfibral layer) 
suspends rain and fog droplets to enable the stomata to function efficiently in very wet climates.  

Snow Blasting 
Zone 

Left: Snow trapped in the lee of the leading edge at Laekur Plantation; note the top of tree is exposed to snow 
blasting. When the snow-pack shifts down higher, there is a corresponding shift in the height of the snow-
blasting zone. Right: This old Tamarack, affectionately known as “old misery” survives in spite of all that snow 
and freezing rain that has been loaded onto it; in the background the pretentious black spruce stands firm in 
spite of being ripped of it branches a snow, freezing rain, spring frost and budworm and sea salt.  

Photos: Sæmunder Þorvaldsson (left) and Alexander Robertson 



 
'bloom' of Sitka and Engelmann gives them a slight added advantage. The on pines needles, which are 
more of a continental genus, is not so well developed except in say the wet maritime provenances such 
Caledonian pine (Scots pine in the Scottish Highlands), whose foliage has a distinctive bluish hue 
compared to say provenances with a dry continental climate (central Europe).  

 
Most trees eventually grow above the snow blasting and the upper parts of the crown gradually 

redevelops into a reasonably symmetrical crowns and boles. Birch, willows on the other hand, though 
they are largely unaffected by snow-blasting which have reasonably supple trunks mainly because they 
are mostly bent below the snow crust for much of the winter. 
Avalanches frequently cover birch woodlands that add to their 
distortion. If, as the photo shows, even comparatively small 
avalanches can bend steel sign posts – imagine what it does to 
trees in its path.  

 
The stems of older poplars and rowan, notably in Skruður 

garden, quite often show signs of dieback, which may, in a small 
way at least, be attributed to snow-blasting of unlignified shoots 
and thin bark of trunks.  

 
Judging from the crown deformation of trees in Núpur and 

plantations, the down-slope winds are fast enough to pick up 
miniscule ice crystals off the surface of the snow pack and blow 
them fast enough to cause abrasions on needles and damage their stomata and to cause pitting on twigs. 
In fact, Trees in the plantation above the school Núpur, clearly show the effects of down-slope winds 
and the associated snow creep - accentuated by drifting - and abrasion of needles and twigs from wind-
borne ice crystals pick off the surface of the snow pack. This type of damage is easily distinguished in 
that the twigs and branches are not broken. In fact, damage to trees by wind-borne ice crystals (akin to 
shot blasting used to remove rust or paint from steel) seems be gradual process and limited to a 
relatively shallow air layer of 1-2 m above the surface of the snow pack. This indicates that damage 
occurs mainly in the winter-spring shoulder when the snow pack is not generally very deep, and when 
solar heating followed by rapid freezing during the night creates an icy surface. In the one-year old 
shoots protruding through the snow pack, only the windward needles and perhaps their stomata are 
damaged slightly by abrasion from ice crystals. The logic in this statement is that, in spring at least, 
there is no evidence of reddishness associated with the usual winter-burn, and virtually no needle-cast. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Snow-blasting in action at Laekur 
plantation.  Damage from snow 
blasting of the  new  twigs of the 
willows (centre-left)  will probably 
show up as mottled brownish 
patches. The tops conifers and the 
whole trees  the far right will be 
beyond the worst of snow blasting. 
For a while, snow stuck to middle 
branches will provide some 
protection during this windy day 
at least.   Notice how the snow 
drifts dip on the leeward side and 
how turbulence is squeezing them 
between the trees and lifting snow 
up and over the trees to heights of 
10-15 m.  

Photo: Sæmunder Þorvaldsson 

An avalanche with rocks rafting 
dowslope on the surface   

Photo: Sæmunder Þorvaldsson 



 
 
Snow Trap Design 

 
It is well known in Iceland that small plantations in an otherwise treeless landscape tend to trap 

snow (or attract it as one forester put it). The result in many cases is that snow, which has been lifted 
over the edge of the plantation as shown above, settles on inside of the plantation and creates patches 
stunted, broken and/or badly contorted trees. The spruce plantations at  Lækur, Núpur and Skruður are 
no exception. Skruður is the worst case, where all but the leading edge and few scattered remnants on 
the interior have survived what appears to be exceptionally heavy snow loading. The adjacent graph 
provides a explanation as to why airborne snow ‘bounces’ over an object and settles on the leeward – 
that is where there are no fast moving streamlines, only a medley large and small eddies that eventually 
settle to calm - as Lewis Fry Richardson wrote in 1922: 

 
Big whirls make little whirls that reduces their velocity: 
And little whirls make smaller whirls and so on to viscosity. 

 
  

 

 

 

 

 
 
 
 

When it comes to design plantations we could of course plant a border standards (trees with 
lower branches pruned off) to sift the snow under the canopy. The trouble with that technique is that 
when air is squeezed under the canopy wind speeds increases and, worse, develops into very compact, 
fast helical vortices (jets) that tend to draw in even more snow. Worse still, when there is no more 
snow left on the adjacent fields, it will clear out any snow under the canopy – thus depriving the root 
mass with a protective snow blanket and giving rise to frost damage and later in spring drought.  
 

 
  
 
 
 
 
 
 

Left: Wind-borne snow is funnelled between the row of parked suburban vans and down through 
the spinney of white spruce eventually developing into large drifts that blocked the footpath and 
road below. Right: Since wind speed actually increases when squeezed under a canopy it clears out  
the protective blanket of snow resulting damage to roots by frost and later drought.  

Photos: Alexander Robertson 



 
 In this example of snow drifting from the work of the late Norwegian architect Anne 

Brit Bǿrv the downhill momentum of snowdrifts or snow-creep is diminished somewhat by gaps 
between strips of trees planted across the slope. This planting arrangment plus the house will at least 
keep the front door clean of snow but not necessarily the driveway or road that passes below the house. 
 

 
 

 
 

 
 

 

 One of the keys to successful snow traps is to build in as much roughness element as 
possible. This is best achieved with mixture of tall and small broadleaved and coniferous species as the 
site will permit.  
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 On farms scheduled for tree planting, birch/willow/rowan woods is a rare commodity. 
Lupine, while it provides shelter in the fall, is now helpful in preventing heavy snow drifting. The only 
alternative is to dedicated strips of land for snow traps. Of course, the design of shelterbelts and 
shelterwoods has a long and noble tradition that includes shelterbelts as a living snow fence. However, 
design concepts of snow-traps for plantation forestry in windy climates have rarely been given 

Botn Woods provide excellent examples of roughness elements that effectively dampen snow drifting. Left: 
the low stature of native birch, willow, rowan will still be effective in preventing heavy snow drifting. Centre: 
Pathways through the spruce are effective snow-traps and make for good skiing. Right: The combination of 
spruce mixed with birch/rowan woods ensures there is no serious edge damage from snow blasting.                                                               
Photos: Sæmunder Þorvaldsson 



 
consideration. Among the few examples of landscape designs explicitly for living snow traps are two 
examples of Alexander Robertson’s work in Newfoundland. 
 

St. John’s, Newfoundland gets the most wind, freezing rain, snow and fog of any provincial 
capital in Canada. To emphasize the snowiest, the winter 2000-2001 produced record-breaking 
snowfall of 648 cm. These wonderful 
accolades aside, what is not heralded so 
much is that the city has the third 
mildest winter in Canada – and 
Reykjavik’s winter is a few degrees 
warmer and not nearly as windy, wet,  
snowy and foggy as St. John’s. 
 

 Given the circumstances 
Robertson design his garden that is a 
shelterbelt-cum-snowtrap that would 
allow comfort and an opportunity to 
cultivate about 500 species and 
varieties of woody plants in 
magnificent display of biodiversity. 
The photos hint of great success on all 
counts. The only downside is that the 
snow trap is often times much too 
efficient as the photo shows. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 Top left: Part of a snowtrap-in-waiting at the rear of Alexander Robertson’s mini-arboretum. Bottom left:  

Sandy cardio session shovelling snow off the patio for the second time in January 2001; before it got really 
deep!  Centre: The patio in question and Sandy’s prediction on how it will look in January under a global 
warming scenario.  Left: Chart of the record-breaking snowfall for St. John’s by early May reached 648 
cm.                                                                     Photos: Sandy & Geraldine Robertson. Graph: The Telegram. 



 
 
 

 Below is one of Robertson’s many examples of shelterbelt-cum-snowtrap on a larger scale – 
approximately 2 hectare at Pasadena in western Newfoundland. The plantation appears to be a 
contiguous planting but is actually a series of curved  blocks as shown in the diagram below. 
 
 
 

 
 
   
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
  

As part of a shelterbelt workshop at Selfoss (June, 2001) the basic design criteria frequently 
used by Robertson for his garden, the demonstration and environmental forestry projects was 
embodied in unique shelterbelt-cum-snow-trap design that has become known as the The Icelandic 
Knot. The knot  has all the roughness elements for shelter and sufficient gaps within it to trap snow, 
regardless of wind direction. The ‘ main frame’ or ‘bones’, so to speak, are two intertwined ‘strands’ of 
tall trees, one a broadleaf (poplar Alaska willow) the other a conifer (Sitka or Lutzii spruce). The gaps 
can be left unplanted however it is recommended that small trees like willows be planted in it to 
dampen any momentum any streamline winds and concomitant snow drifting that may penetrate and 
pass through the knot. An exterior border of birch, rowan and poplar and a few conifers is highly 
recommended to dampen the height which turbulence can lift snow up and over trees and to prevent 
snow-blasting. The sequence of planting is demonstrated with series of graphic overlays on a photo of 

Top: and example of a “Beautiful Living Windbreak”  and snow trap designed and planted by 
Alexander Robertson in Western Newfoundland composed of mixed broadleaf and coniferous 
species of tall shrubs, medium and tall trees to give a strong vertical and horizontal roughness 
profile. Bottom right: close of the windward edge composed gaps within mostly tall evergreen 
shrubs to dampen the height to which turbulence lifts the snow up and over leading edge.  Bottom 
left: diagram showing the general pattern of group planting and the main areas where snow 
collects.                                                                     Photos and Graph: Alexander Robertson 



 
the Agricultural research Institute (RALA) in Reykjavik.  At least four Icelandic Knots have been 
planted in southern Iceland. In the Westfjords at least three are scheduled for planting in 2002.  
 
 
 

 
1 

 
The curved edge of this 

field at RALA in a windy location 
would be a perfect site to 
demonstrate the Icelandic Knot  
 
 
 
 
 

2 
The first step is to plant a 

‘strand’  of 2-3 rows of Alaska 
poplars (or Lutzii spruce if one 
wishes) 
 
 
 
 

3 
The second step is add an 

opposite ‘strand’ the Lutzii spruce 
(or Alaska poplar if spruce was 
planted first) 
 

 

4 
The last step is to infill 

with ornamental trees and low 
deciduous shrubs (Icelandic 
willow) and tall and medium 
shrubs Viði and Alaska willow on 
the inside and on the outside 
various deciduous shrubs and 
small trees (birch, rowan, larch) 
and few conifers scattered among 
them ornamentation. 



 
 

 

 

 

 

 

 
 


