The profile of the horizon: computation and ussundials

Gianpiero Casalegno (Castellamonte, Italy)

The profile of the horizon, obtained through expental measurements or computed from altitude data
available on the web, can be used to compute d@ihéirlig conditions of the dial and to draw the lifethe
horizon and the lines of the remaining hours diitig

I ntroduction

| suggested in a previous article [1] how to eveduae lighting conditions of a place in order &ttbr
identify the best location where to install a namdial.

In that article the following elements where tak&io account:

the latitude of the place

the declination and the inclination of the dialn#a

the presence of balconies, roofs etc.

» the presence of nearby buildings.

Actually there is one more element that can heanmflyence the hours of light of the dial: the plefof
the horizon. If a sundial is built in a valley beswn the mountains, all the theoretical computataribe
time of sunrise and sunset have no meaning andecamerror even of hours.

This same error applies to the horizon line thabfiten traced on a vertical dial. This is a horiabn
straight line drawn through the base of the ortiytesand it represents the position of the sun witen
height is 0 degrees above the horizon. Becauskeoptesence of mountains this line is just thecakti
and it is not correct: sunrise will happen lated annset will happen earlier than what represeatethe
dial.

These both problems (to evaluate the lighting dioh of the dial and to correctly trace the hanilioe)
require the knowledge of the azimuth/height proéifethe horizon. This information can be obtained
through experimental measurements by means of @ldkiee. However this instrument is not easily
available to everyone, moreover it is not alwayssilale to go to the dial place to take measurements

A numerical method is here presented that allowsktimin, with an acceptable level of accuracy, the
profile of the horizon for whichever place in thend. This method makes use of an altimetry datbas
that is freely accessible on the Veb

It is then shown how to use this profile in orderobtain the lighting conditions of the dial, tcadr the
true horizon lingand also to add a new type of hour lines to taé di

! This same method was presented in [2] where itugesl in addition to experimental measurements.
2 One experimental method to draw the horizon lineodly on the wall was shown in [3].
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F'ig. 1 — Evaluation of error in the height
The DEM database

One of the missions of the space shuttle (the BhRtdar Topography Mission - SRTM) was used to
collect elevation measurements for all the worldntdes between -60 and + 60 degrees of latitude. T
resulting map, named Digital Elevation Model - DEM, available from the CGIAR-CSI web site

(http://srtm.csi.cqgiar.ordy/

The horizontal resolution is 3 seconds of arc tleatespond to about 90 m (98.4 yards) at the equato
The declared vertical accuracy is + 16 m (52.5)feet

Data are available in 5° x 5° files having an agprate size of 150 MB (40 MB compressed).
Five degrees in latitude correspond to about 540(836.5 miles) while five degrees in longitude degpe
on the latitude and vary between 540 Km at the teqend 270 Km (167.8 miles) at £60° of latitude.

Data are available in two different formats. Irsthiork the .asc (arc-formatted ASCII) format wasdis
Computation of the horizon profile

By means of the elevation data it is possible tmmate the horizon profile as seen from the observer
positioned in a known place by applying the follogiprocedure.

Starting from the observer place proceed alongnateat azimuth straight line and evaluate the hdigh
each of the encountered points: the largest fowighhvalue is the height of the horizon for thalse of
azimuth. If this procedure is repeated at a comstaimuth step, the azimuth/height horizon profile
obtained.

Both the error contained in every altitude valud #re resolution of 90 m limit the accuracy of tksult.
The precision that can be obtained when computiadheight of the horizon depends on (fig. 1):

» error in altitude of the observer place (+ 16 m)

e error in altitude of the horizon point (x 16 m)

» error in the evaluation of the distance of the Zumipoint (90 m)

» distancead of the horizon point

and it is shown in fig. 2.

It is evident from the graph (and it is also easyderstand) that the error is inversely propogido the
distanced of the horizon: at 1 Km of distance the errorbsat + 4° , at 2 Km it is + 2°.



200 + height

[am]
=
=1

=

-
=

=2

] =

= —_—
=

=

]

2

=

]

1000 2000 3000 4000 A000

distance

-2.,00 A

-400 {

6,00

Fig. 2 — Maximum error in the evaluation of height

Resolution in azimuth depends on:

» horizontal resolution (90 m)

» distancead of the horizon point

and it is shown in fig. 3.

Again as expected the obtained result is bettegteater the distance of the horizon is.

Results and comparisons .

Some friends kindly gave me th s
measurements they made with
theodolite in several places in the nor
of Italy. In the following graphs their
measurements are compared to t
results obtained from DEM data witl
the method described above.
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Fig. 4 shows the comparison of th
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the measurements used by Ghia a distance

Tasselli in [2]. The error in is less tha

1°. The maximum error is mainly Fig. 3— Azimuth resolutio

found around the profile peaks: this is

a characteristic of DEM data that is remarked @nliferature.
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Fig. 4 — Comparison with data for Monclassico (nueesients by L. Ghia and T. Tasselli)
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Fig. 5 contains measurements taken by L. Ghiarbeee is as high as 4° but it should be notedttieat
distance of the horizon in these points is lesa #00 m and so the results of fig. 2 and 3 ardéiroed.

Fig. 6 shows the comparison with measurements bp@&. The maximum error is smaller than 4° and
it is again related to peaks that are about 10@bstant. Low azimuth resolution areas are alsdlésin
correspondence of near points and in accordante teesults of fig. 3.

Results in fig. 7 are again by De Dona. Maximunoerrare again concentrated around peaks that are
under estimated.

The computation with Orologi Solari

Starting from rev. 25.0 the program Orologi Soladludes the possibility to compute the profiletio¢
horizon for every place in the world where DEM datea available.

This new tool is run with the menu commar
“Tools” — “Evaluate skyline profile”.

In the dialog window (fig. 8) click “load a DEM
file”: the DEM file is read and loaded into th
program. Altimetry data are then shown in the m
with arbitrary colors.

Lacal skyline evaluation

" loadsDEM fle..

http:/sitm. csi.cgiar.ong/

compute the profile

height above ground [m]
5

ignore a circle with ray [m]
180

Note that if dial coordinates are near the borc

&
between different 5° x 5° tiles, the upload proce . ;
needs to be repeated for each different DEM file. i Bt J

Clicking the “compute the profile” button the -

evaluation of the horizon profile will then start.

The dialog window contains two parameters:

* height of the dial above the ground

» radius of the circle around the dial that will gndred when computing the profile (in order to
exclude from the computation the nearest pointssehmcertainty could have a strong influence on
the result).

Fig. 8 — Computation of the horizon profile
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Resulting profile is then shown in a polar scale

— graph (fig. 9) together with the distance of the
\\ horizon from the dial place.

Results can then be saved to a .ele file with the

following format:

Fig. 9 — Computed profile of the horizon

46.32416667 = Latitude
-12.09611111 = Longitude
720 = NPoints (min 2, max 3600)
-180.000000 3.024920  37006.500508
\ -179.500000 3.270936  3707.052511
N -179.000000 3.270936  3707.052511
\\J‘ -178.500000 3.623392  3708.708029



The first two lines contain the decimal value o tieographic coordinates and the third line conttia
number of points of the profile (minimum is 2, maxim is 3600).

The following lines contain the values of:

e azimuth (with respect to south, positive to west)

» horizon height angle

« distance of the horizon from the dial (in meters)

where the distance value is saved for documentatibnand it is not used later.

Of course the .ele file can be prepared startioghfexperimental results and all the features of the
program, as explained in the following paragraphs, still be used.

How to usethe profile of the horizon fun d parpmcers ]

Twpe |  Geographicalcoordinates | Dial | Stle | Howlnes | Daylines |
Options |  Backgioundimage | Foofandbalcony | Map | Buidings Horizon

In addition to the methods described in [1] for tl :
evaluation of the lighting conditions of the ditde [orosetie. | doliere
information contained in the .ele file, both comir e

from a computation or from experiment: TSR
measurements, can be added to the lighting grap

[ use this profile in any computation

The .ele file must first be loaded into the C
program by means of the dialog shown in fig. 10.

If now the lighting diagram of the dial is displalye
the profile of the horizon is shown in a - =
azimuth/height diagram together with the hour a
declination lines (fig. 11) and added to the effafct
roofs, balconies and buildings (if defined in tf._
program).

Al | |

Fig. 10 — Loading the .ele file in OS
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Fig. 11 — Lighting conditions of the dial



Fig. 12 — True horizon lines on a vertical dial Fig. 13 — True horizon lines on a horizontal dial

The profile of the horizon can also be used to diteavine of the true horizon on the dial in platehe
usual theoretical horizontal line (fig. 12).

This true horizon line can even be drawn on hotilotials (fig. 13) where the theoretical horizarelis
at an infinite distance from the dial.

These last two graphs suggest the possibility &wvdhe lines of the hours that are left beforetthe
sunset (a sort of ltalic lines referred to the ingtead of the theoretical sunset).
This can be obtained with OS as shown in fig. ¥afgertical dial and in fig. 15 for an azimuthldia

Finally the program takes into account the pradilehe horizon when in simulation mode, evaluating
each instant the position of the sun with respzthé profile of the horizon.

Conclusion

The knowledge of the profile of the horizon can used in Orologi Solari to evaluate the lighting
conditions of the dial together with all the otlrgftuencing parameters:

e latitude

» declination and inclination of the dial

» roofs or balconies

* buildings.

When an experimental measurement is n(
available, OS can estimate the profile of the
horizon starting from the DEM dataset that ig
available on the web.

Fig. 14 — Hours left to true sunset on a vertigal d Fig. 15 — Hours left to true sunset on an azimigh d



Formulae

Points 1 and 2 in the spherical triangle showngnX6 are the observer point and a point of thézba.
The azimuthA of point 2 on the horizon as seen from point 1lmamcomputed as:

tan(A) = sinf;-A,) / [ sin(®;) cosdi-A,) - cos,) tan(@,)]
and the angular distanébetween the two points is:

sin(@) = sin(A;-A,) cos@y) / sin(A)

To compute the heigletconsider fig. 17.

Point 1 at heighlh, is the observer point.

Point 2 is on the horizon at a distamtc@listanceD on a straight line) and height
D=sqrt((R+hy)*+(R+h;)*2*(R+hy)*(R+h,)*cos(6))
cos(e) = (R+h) sin(6) / D
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Fig. 16

References
[1] CASALEGNO G. , “Methods And Tools For Sundiati®g”, The Compendium 17-1, March 2010

[2] GHIA L., TASSELLI T. , “Orologio Panoramico”, X Seminario Nazionale di Gnomonica,
Monclassico 2008

[3] ANSELMI R. , “La linea di occultamento del sdl&snomonica Italiana n. 7, Novembre 2004

Casalegno Gianpiero - Via M. D’Azeglio 179 — 10@&stellamonte (TO) — Italy
sun.dials@libero.it



