
FOREST

DETECTIVES

HÅKAN BERGSTEDT EXPLAINS HOW HE USES MOBILE GIS TO HELP FOREST
LANDOWNERS IN SWEDEN TO WORK OUT WHERE THEIR LAND ACTUALLY IS

Together with a partner, I run a consultancy
firm, MittNorr Skog & Fastighet AB, in Östersund,
mid-Sweden.We offer a full service for forest
owners, helping them to plan and implement
their forestry in an economical way that
complies with biological conditions, regulations
and their own goals.We also offer services for
investors by finding, controlling and evaluating
forest properties. Visible and precise boundaries
are essential for our business.We simply
must knowwhich landwe aremanaging.

Bad boundaries are a never-ending issue
in mid Swedish forestry. In 1628, Sweden
started to build a register of landowners and
to mark up their properties in the country.

Since then, many of the old boundaries
and properties have been altered for various
reasons. That means the register of today
has become a puzzle – it is sometimes
necessary to go back to the 17th century
to find information about what is legally
correct. Digital boundary maps available
are approximate and the boundaries
are normally only accurate to 20m.

There are legally binding boundary
markings in the forest consisting of stone-
piles. However, many landowners have not
maintained these physical boundaries, which
are often overgrown by vegetation and so
not visible. Many markings have also been
destroyed by machines when logging, and

if the forests are at a similar age on both
sides of the boundary, it truly becomes
a challenge to identify the boundary.

Previously, the Swedish Land Registry
offered a service to help landowners detect
and mark their boundaries, but this service
was shut down in 2017. This has opened
a new market for private companies such
as ours. In the beginning, we used simple
methods to establish the position of the
boundaries. With compass, low-precision
GPS and a lot of experience, we could
manage most boundaries, but pretty soon
we got stuck. We solved the problem with
a rented Network RTK-GPS (Satlab 300) with
centimetre accuracy. However, we were
not satisfied with the way we had to work
with the GPS since we had to spend a lot
of time to get a positional fix in the woods;
the user interface was also outdated.

Our replacements
After some research – with expert assistance
from the Swedish GIS-supplier Forest IT Design
AB – we chose EOS Arrow 100, which uses
all the available GNSS satellite constellations:
GPS, Gallileo, Glonass and BeiDou.

We primarily using the Arrow with
DGNSS-corrections via LTE from SWEPOS,
to provide sub-metre accuracy even under
heavy canopy and in hilly terrain. SWEPOS

is the Swedish Land Registry’s satellite
positioning support system, which provides
corrections for DGNSS and Network RTK.
An option when LTE coverage is poor is
to use DGNSS corrections from EGNOS, a
European support system via geostationary
satellites. This provides sufficient accuracy,
but as the satellites are so far south of
our work area, a clear view of the south
is required to receive the signals well.

We scanned the market for available
apps to run on the iPads we already had.
We looked closely at ArcGIS, TerraGo and
iCMTGIS Pro. Our survey is primarily based
on establishing a straight line between two
fixed points and extending the line beyond
the points. That could easily be done in all
three apps, but in the end, we chose iCMTGIS
Pro as we found it straightforward to use and
it only requires a one-off purchase rather
than a subscription. Also worth mentioning
is the good help we received during this
process from Corvallis Microtechnology.

We are using the app in an iPad Air
protected by a LifeProof Fré case. The
battery consumption using EOS Tools
Pro and iCMTGIS Pro is rather high, the
built-in battery lasting for about 4-5 hours
at 10-15°C. To use the iPad for a full-day,
we use a power bank, which works well
down to -15°C if constantly charged.
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TO GET STARTED WITH
A BOUNDARY SURVEY
REQUIRES A LITTLE
SLEUTHING

In the field
A mid-Swedish forest property can have
many different shapes, but an average is
about 200m wide and 2,500m long, with
four or more corners. In the corners and
at every 100m along the straight lines,
there are the same type of markings.
Older boundaries created before the
metric system was adopted have markings
located at other distances. Normally each
marking consists of a standing tongue-
shaped stone supported by two or more
other stones around it. However, there are
also other types of markings. Therefore
it’s sometimes hard to know if a stone
pile we've found really is a marking. The
distance between markings is the only way

to make sure it is indeed a legal marking.
Another complication is that sometimes
landowners have illegally expanded
their properties by moving the markings.
Therefore, it is absolutely necessary to
make accurate measurements to determine
the actual location of the boundary.

To get started with a boundary survey
requires a little sleuthing. First, we look
through the Land Registry archives to see
what has transpired at the actual boundary
through the years. It is also important to get
information about the neighbouring properties
to avoid making unnecessary mistakes.

Satellite maps that includes boundary
lines are downloaded from the Land Registry
using a web service provider Timmerweb
as georeferenced JPEGs. We convert the
JPEG to GeoTIFF and create SHP files from
the boundaries we need as guide lines,
using a Mac, running QGIS. We then export
these to iCMTGIS Pro using iTunes.

In the forest, we first have to find at least
twomarkings to get a starting point and to
confirm the distance between the markings.
When a line is digitally created, it is simple to
follow, even if invisible, when using an accurate
positioning instrument like the EOS Arrow

and the iCMTGIS Pro. A time-saving function
in the app is the ability to set it to beep if you
deviate more than 1m from the line, so it is
only necessary to look at the display when
fine-tuning the boundary.When following the
line, more markings are searched to continue
the work. Ribbons are used to mark along the
identified line so that contractors later can clear
and paint the boundary to make it visible.

If a corner marking is not to be found,
there are two possible solutions. You can
let the Land Registry make a cadastral to
establish a legal marking. This is a really
expensive procedure, so the most common
solution is instead for a company like MittNorr
to accurately measure the corner, which
the landowners then agree to in writing.

With its know-how and the appropriate
equipment MittNorr is proud to be part
of the important process of cleaning up
the boundary surveys in Sweden.

Håkan Bergstedt is co-founder of MittNorr
Skog & Fastighet AB (www.mittnorr.se)

Clearing the boundary with a special saw – a hybrid
between a brush cutter and a pole saw

Sometimes it is not easy to sort out which markings are the real ones.

Typical satellite view using EOS 100
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PPPRRREEEVVVIIIOOOUUUSSSLLLYYY,,, OOONNN---SSSIIITTTEEE IIINNNVVVEEESSSTTTIIIGGGAAATTTIIIOOONNN TTTOOOOOOKKK MMMOOORRREEE TTTHHHAAANNN
OOONNNEEE WWWOOORRRKKKIIINNNGGG DDDAAAYYY;;; NNNOOOWWW,,, IIITTT TTTAAAKKKEEESSS OOONNNLLLYYY HHHAAALLLFFF DDDAAAYYY OOORRR LLLEEESSSSSS

OOOnnneee ooofff ttthhheee mmmooosssttt iiimmmpppooorrrtttaaannnttt iiinnnddduuussstttrrriiieeesss iiinnn
TTTaaaiiiwwwaaannn fffooorrr ccceeennntttuuurrriiieeesss,,, aaagggrrriiicccuuullltttuuurrreee iiisss nnnooowww
fffaaaccciiinnnggg eeexxxtttrrreeemmmeee ccchhhaaalllllleeennngggeeesss fffrrrooommm aaagggiiinnnggg
fffaaarrrmmmeeerrrsss,,, llliiimmmiiittteeeddd wwwaaattteeerrr rrreeesssooouuurrrccceeesss aaannnddd fffooorrreeeiiigggnnn
cccooommmpppeeetttiiitttiiiooonnn... TTThhheee gggooovvveeerrrnnnmmmeeennnttt ooofff TTTaaaiiiwwwaaannn iiisss
ttthhheeerrreeefffooorrreee aaaccctttiiivvveeelllyyy lllooooookkkiiinnnggg fffooorrr dddiiiffffffeeerrreeennnttt wwwaaayyysss tttooo
eeennnhhhaaannnccceee aaagggrrriiicccuuullltttuuurrraaalll ppprrroooddduuuccctttiiivvviiitttyyy...

TTThhheee AAAgggrrriiicccuuullltttuuurrraaalll EEEcccooonnnooommmyyy SSSeeeccctttiiiooonnn,,, CCCiiivvviiilll
AAAffffffaaaiiirrr OOOffiffifficcceee ooofff GGGuuuaaannnyyyiiinnn DDDiiissstttrrriiicccttt,,, TTTaaaoooyyyuuuaaannn CCCiiitttyyy,,,
iiisss ttthhheee iiinnnttteeerrrfffaaaccceee bbbeeetttwwweeeeeennn ttthhheee gggooovvveeerrrnnnmmmeeennnttt
aaannnddd lllooocccaaalll fffaaarrrmmmeeerrrsss... IIItttsss mmmaaaiiinnn jjjooobbbsss aaarrreee aaassssssiiissstttiiinnnggg
fffaaarrrmmmeeerrrsss tttooo ppprrreeevvveeennnttt ppplllaaannnttt dddiiissseeeaaassseee aaannnddd iiinnnssseeecccttt
pppeeessstttsss,,, aaannnddd mmmaaannnaaagggiiinnnggg pppeeerrrmmmiiissssssiiiooonnnsss fffooorrr fffaaarrrmmmiiinnnggg,,,
mmmaaaccchhhiiinnneee---uuussseee aaannnddd sssooo ooonnn... IIIttt aaalllsssooo tttaaakkkeeesss cccaaarrreee ooofff
pppooolllllluuutttiiiooonnn---ppprrreeevvveeennntttiiiooonnn aaannnddd bbbeeeaaauuutttiiififificccaaatttiiiooonnn,,, tttooo
bbbuuuiiilllddd aaa sssuuussstttaaaiiinnnaaabbbllleee eeennnvvviiirrrooonnnmmmeeennnttt... IIIfff ttthhheeerrreee iiisss
aaa nnnaaatttuuurrraaalll dddiiisssaaasssttteeerrr,,, fffaaarrrmmmeeerrrsss cccaaannn aaalllsssooo sssuuubbbmmmiiittt
sssuuubbbsssiiidddyyy aaappppppllliiicccaaatttiiiooonnnsss tttooo rrreeeccceeeiiivvveee rrreeecccooommmpppeeennnssseee...

TTThhheee ssseeeccctttiiiooonnn sssooouuuggghhhttt nnneeewww tttoooooolllsss tttooo aaassssssiiisssttt
ttthhheeemmm iiinnn ttthhheeeiiirrr wwwooorrrkkk... IIIttt ccchhhooossseee mmmooobbbiiillleee GGGIIISSS tttooo
sssiiimmmpppllliiifffyyy iiitttsss fffaaarrrmmmlllaaannnddd mmmaaaiiinnnttteeennnaaannnccceee wwwooorrrkkkflflflooowww,,,
bbbeeecccaaauuussseee ttthhhiiisss cccaaannn sssyyysssttteeemmmiiicccaaallllllyyy cccooolllllleeecccttt aaannnddd
ooorrrgggaaannniiissseee lllaaannnddd iiinnnfffooorrrmmmaaatttiiiooonnn,,, aaannnddd ttthhheee mmmooobbbiiillleee
cccooosssttt iiisss rrreeelllaaatttiiivvveeelllyyy lllooowww...

TTThhheee iiidddeeeaaalll sssccceeennnaaarrriiiooo wwwaaasss ttthhhaaattt ccciiivvviiilll ssseeerrrvvvaaannntttsss
wwwooouuulllddd bbbeee aaabbbllleee tttooo hhhaaavvveee aaannn uuuppp---tttooo---dddaaattteee
bbbaaassseeemmmaaappp,,, sssaaattteeelllllliiittteee iiimmmaaagggeeerrryyy aaannnddd lllaaannnddd pppaaarrrccceeelll

AAAGGGRRRIIICCCUUULLLTTTUUURRREEE HHHAAASSS BBBEEEEEENNN IIIMMMPPPOOORRRTTTAAANNNTTT TTTOOO TTTAAAIIIWWWAAANNN FFFOOORRR CCCEEENNNTTTUUURRRIIIEEESSS...
NNNOOOWWW MMMOOODDDEEERRRNNN DDDEEEMMMAAANNNDDDSSS MMMEEEAAANNN IIITTT IIISSS AAADDDOOOPPPTTTIIINNNGGG MMMOOOBBBIIILLLEEE GGGIIISSS...
PPPAAATTTTTTYYY CCCHHHEEENNN EEEXXXPPPLLLAAAIIINNNSSS

lllaaayyyeeerrrsss tttooogggeeettthhheeerrr ooonnn sssiiinnngggllleee ppplllaaatttfffooorrrmmm... TTThhhiiisss
ppplllaaatttfffooorrrmmm ssshhhooouuulllddd iiinnnttteeegggrrraaattteee aaallllll ttthhheee rrreeesssooouuurrrccceeesss
aaannnddd aaallllllooowww iiinnnvvveeessstttiiigggaaatttooorrrsss tttooo mmmaaakkkeee nnnooottteeesss,,, ccchhhaaannngggeee
fffaaarrrmmm ssstttaaatttuuussseeesss aaannnddd bbbooouuunnndddaaarrriiieeesss,,, tttaaakkkeee ppphhhoootttooosss,,,
aaannnddd sssyyynnnccc tttooo ttthhheee oooffiffifficcceee’’’sss sssyyysssttteeemmmsss...

TTThhheeerrreee wwweeerrreee mmmaaannnyyy mmmooobbbiiillleee GGGIIISSS sssooollluuutttiiiooonnnsss
aaavvvaaaiiilllaaabbbllleee fffrrrooommm lllooocccaaalll gggeeeooossspppaaatttiiiaaalll cccooonnnsssuuullltttaaannntttsss iiinnn
TTTaaaiiiwwwaaannn... OOOnnneee ppprrrooovvviiidddeeeddd sssaaattteeelllllliiittteee iiimmmaaagggeeerrryyy aaannnddd
cccaaadddaaassstttrrraaalll dddaaatttaaa iiinnn mmmaaappp tttiiillleee fffooorrrmmmaaattt ––– aaa llliiiggghhhttt rrraaasssttteeerrr
fffooorrrmmmaaattt ttthhhaaattt yyyooouuu cccaaannn uuussseee aaasss aaa bbbaaassseeemmmaaappp bbbuuuttt
iiisss uuunnneeedddiiitttaaabbbllleee aaannnddd dddoooeeesss nnnooottt cccooonnntttaaaiiinnn dddeeetttaaaiiillleeeddd
pppoooiiinnnttt,,, llliiinnneee ooorrr pppooolllyyygggooonnn fffeeeaaatttuuurrreeesss ooonnn... HHHeeennnccceee,,, aaasss
ttthhheeerrreee wwweeerrreee pppllleeennntttyyy ooofff aaarrreeeaaasss ttthhhaaattt nnneeeeeedddeeeddd ttthhheeeiiirrr
cccaaadddaaassstttrrraaalll bbbooouuunnndddaaarrriiieeesss rrreeeiiinnnvvveeessstttiiigggaaatttiiinnnggg,,, tttooo mmmaaakkkeee
sssuuurrreee oooffiffifficcceeerrrsss cccaaannn fififinnnddd ttthhheee rrriiiggghhhttt pppeeerrrsssooonnn tttooo pppaaayyy
fffeeeeeesss,,, dddaaatttaaa ssseeellleeeccctttiiiooonnn nnneeeeeedddeeeddd tttooo bbbeee mmmooorrreee flflfleeexxxiiibbbllleee
aaannnddd eeedddiiitttaaabbbllleee,,, sssooo ttthhheee oooffiffifficcceee dddeeeccciiidddeeeddd nnnooottt tttooo uuussseee
ttthhhiiisss sssooollluuutttiiiooonnn...

WWWooorrrddd ooofff mmmooouuuttthhh
WWWhhhiiillleee GGGuuuaaannnyyyiiinnn DDDiiissstttrrriiicccttt wwwaaasss ssseeeaaarrrccchhhiiinnnggg fffooorrr aaa
sssuuuiiitttaaabbbllleee mmmooobbbiiillleee GGGIIISSS sssooollluuutttiiiooonnn,,, aaattt aaa mmmeeeeeetttiiinnnggg ooofff
lllooocccaaalll ssseeeccctttooorrrsss,,, iiittt rrreeeccceeeiiivvveeeddd aaa rrreeecccooommmmmmeeennndddaaatttiiiooonnn

fffrrrooommm iiitttsss nnneeeiiiggghhhbbbooouuurrr,,, DDDaaaxxxiii DDDiiissstttrrriiicccttt,,, wwwhhhiiiccchhh hhhaaasss
iiimmmpppllleeemmmeeennnttteeeddd SSSuuupppeeerrrGGGIIISSS sssooollluuutttiiiooonnnsss fffooorrr 111000 yyyeeeaaarrrsss...
TTThhheee tttwwwooo ssseeeccctttiiiooonnnsss hhhaaannndddllleee sssiiimmmiiilllaaarrr tttaaakkksss,,, sssooo
GGGuuuaaannnyyyiiinnn DDDiiissstttrrriiicccttt bbbeeegggaaannn tttooo rrreeessseeeaaarrrccchhh tttooo ssseeeeee iiifff
ttthhheeeyyy cccaaannn ddduuupppllliiicccaaattteee DDDaaaxxxiii DDDiiissstttrrriiicccttt’’’sss sssooollluuutttiiiooonnn iiinnn iiitttsss
ooowwwnnn rrreeegggiiiooonnn...

SSSiiinnnccceee GGGuuuaaannnyyyiiinnn dddiiiddd nnnooottt hhhaaavvveee eeexxxtttrrraaa bbbuuudddgggeeettt
tttooo pppuuurrrccchhhaaassseee nnneeewwwdddeeevvviiiccceeesss,,, iiittt wwwaaasss lllooooookkkiiinnnggg fffooorrr
sssoooffftttwwwaaarrreee ttthhhaaattt iiittt cccooouuulllddd iiinnnssstttaaallllll ooonnn aaa cccooommmmmmooonnnlllyyy
uuussseeedddOOOSSS bbbuuuttt ttthhhaaattt wwwaaasss eeeqqquuuiiippppppeeedddwwwiiittthhh ttthhheeemmmooosssttt---
uuussseeeddd GGGIIISSS fffuuunnnccctttiiiooonnnsss... SSSuuupppeeerrrSSSuuurrrvvv 111000 fffooorrr AAAnnndddrrroooiiiddd
mmmeeettt aaallllll ttthhheeeiiirrr rrreeeqqquuuiiirrreeemmmeeennntttsss,,, aaasss iiittt iiisss eeeaaasssyyy tttooo uuussseee aaannnddd
oooffffffeeerrrsss aaannn ooofflfflffliiinnneeemmmooodddeee,,, sssuuuppppppooorrrtttsss mmmuuullltttiiipppllleee dddaaatttaaa
fffooorrrmmmaaatttsss,,, cccaaannn cccooonnnnnneeecccttt wwwiiittthhh ccclllooouuuddd dddrrriiivvveeesss aaannnddd cccaaannn
iiimmmpppooorrrttt rrraaasssttteeerrr dddaaatttaaa aaasss aaa bbbaaassseeemmmaaappp...

SSStttaaarrrtttiiinnnggg iiinnn MMMaaayyy 222000111777,,, GGGuuuaaannnyyyiiinnn DDDiiissstttrrriiicccttt
bbbeeegggaaannn tttooo uuussseee SSSuuupppeeerrrSSSuuurrrvvv tttooo aaauuudddiiittt fffaaarrrmmmsss,,, tttooo
iiinnnvvveeessstttiiigggaaattteee iiifff ccceeerrrtttaaaiiinnn fffaaarrrmmmlllaaannnddd wwwaaasss eeellliiigggiiibbbllleee
fffooorrr dddiiisssaaasssttteeerrr sssuuubbbsssiiidddyyy aaannnddd uuupppdddaaattteee aaannnyyy lllaaannnddd
pppaaarrrccceeelllsss aaasss nnneeeccceeessssssaaarrryyy... TTThhheee oooffiffifficcciiiaaalllsss ppprrreee---llloooaaadddeeeddd
cccaaadddaaassstttrrraaalll mmmaaapppsss aaannnddd sssaaattteeelllllliiittteee iiimmmaaagggeeerrryyy uuusssiiinnnggg
DDDrrrooopppbbboooxxx ooorrr GGGoooooogggllleeeDDDrrriiivvveee sssooo ttthhheeeyyy cccooouuulllddd
dddiiisssppplllaaayyy aaallllll ttthhheee dddaaatttaaa iiinnn ooonnneee aaapppppp... TTThhheee mmmooobbbiiillleee GGGIIISSS

BBBUUUTTT PPPRRRAAACCCTTTIIICCCAAALLL
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