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Historical Forest Cover Interpretation from 3D Digital Stereoscopic Air Photos 

by Marguerite Forest, Nick Reynolds, Lana Wilhelm, Jean-Marc Fortier, and Roy Kregosky 

 

 

 

Background 

 

Very large, high quality western red cedar are essential for many Haida cultural uses, including 

canoes, totem poles, and longhouses. Historic photos of Haida settlements from the late 1800s 

show numerous examples of these artifacts (for example, see http://www.bcarchives.gov.bc.ca/ 

cgi-bin/www2i/.visual/img_med/dir_105/b_03830.gif). A cultural renaissance is now under way 

that requires increasing numbers of monumental cedar, but serious concerns have been expressed 

about the lack of suitable cedar for current uses and about the poor regeneration of cedar in 

second growth areas. Unfortunately, there is no quantitative understanding of what the pre-

industrial forests of Haida Gwaii were like when they supported the extensive use of cedar 

documented in the historical record. 

 

In the late 1800s and early 1900s, the first European settlers on Haida Gwaii began to clear the 

forests for mines, homesteads, and town sites. World War I brought a brief but spectacular boom 

in spruce harvests. Several mills were constructed at different locations around the islands such 

as Buckley Bay, but few lasted until the mid 1920s. Floating logging camps operated through the 

1920s and 1930s, moving from one location to another as each area was harvested. World War II 

brought another export boom. From then on, logging accelerated rapidly through the 1980s and 

early 1990s. Harvest rates began to decline in the late 1990s, but they are still much higher than 

in the first half of the century. Cedar is now the primary target, and it is being harvested at much 

higher rates than it occurs in the inventory. 

 

In 2004, the Gowgaia Institute analyzed LandSat imagery and historical harvest information to 

develop a logging history for Haida Gwaii (http://www.spruceroots.org/Maps/Logging05-

BG.html). This study focused only on logged areas and did not analyze forest cover. Their results 

show that after 100 years of harvests, over 17% of the total land area, excluding lakes and 

wetlands, and 50% of the contributing or partially contributing timber harvest land base on Haida 

Gwaii had been logged. Most of this logging occurred in the more productive CWH wh1 and 

CWH wh2 BEC variants on the islands. 

 

Timber cruising and forest cover maps became common only in the 1960s. Much of this data 

was converted to digital format for the Land Use Planning process on Haida Gwaii. However, 

the information is not readily available for analyses, and the data have not been independently 

assessed for accuracy. More importantly, when areas were logged, the original forest cover 

information was deleted from the database. As a result, there is no reliable information about the 

original forest cover in the most productive areas of Haida Gwaii. 

 

Haida Mapping began to tackle this problem as part of a FIA-FSP funded project on Integrating 

Historical Air Photo Data for Cedar Analyses on Haida Gwaii (2007-9). 

 

 

http://www.bcarchives.gov.bc.ca/%20cgi-bin/www2i/.visual/img_med/dir_105/b_03830.gif
http://www.bcarchives.gov.bc.ca/%20cgi-bin/www2i/.visual/img_med/dir_105/b_03830.gif
http://www.spruceroots.org/Maps/Logging05-BG.html
http://www.spruceroots.org/Maps/Logging05-BG.html
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Historical Air Photos 

 

Fortunately, there may be ways to generate historical forest cover data quickly and effectively to 

provide a baseline for future management decisions on Haida Gwaii. In the 1930s, air photos 

were flown for most of the islands. The southern end of the islands and the west coast (except for 

a gap near Bottle Inlet) are covered by 2,888 federal photos from 1933. The central area and 

northern coasts of the islands are covered by 2,538 provincial photos from 1937. Generally, the 

federal photos are of better quality than the provincial photos. 

 

An initial assessment of these historical air photos for timber inventory and other purposes was 

conducted in 2004 by Audrey Pearson, then a Research Associate in the Department of Forest 

Sciences, and Assistant Professor Sarah Gergel, from the Centre for Applied Conservation 

Research (CACR), Forest Sciences, at the University of British Columbia 

(http://farpoint.forestry.ubc.ca/FP/search/Faculty_View.aspx?FAC_ID=3227). The study focused 

on Lyell Island, in the southeast area of Haida Gwaii now encompassed by Gwaii Haanas 

National Park and Haida Heritage Reserve. This 17,301 ha island is covered entirely by federal 

air photos. It falls within the CWH wh1 variant, with some patches of CWH wh2 at higher 

elevations. The study confirmed that the federal 1930s air photos can be used to interpret 

historical forest cover and can provide better information than the earliest forest cover maps from 

the 1960s. The initial results, not checked against field samples, which is standard for air photo 

interpretation, suggest that productive cedar leading forests were more extensive on Lyell Island 

than they are now (http://www.forrex.org/publications/link/ISS37/vol8_no1_art2.pdf). 

 

 

Air Photo Processing and Interpretation Methods 

 

The Lyell Island pilot study was conducted using conventional air photo interpretation methods. 

Historical air photo pairs were overlaid with mylar and examined using a desktop stereoscope. 

Forest stands were hand-drawn on the mylar, and attributes such as species composition and tree 

heights were noted for each stand. The annotated mylar covered air photos were then scanned 

and georeferenced. Stand boundaries were digitized into a GIS file, and the stand characteristics 

were entered into the attribute table. Forest cover maps from the 1960s also were scanned, 

georeferenced, digitized, and attributed for comparison. 

 

One key focus of the Haida Mapping FIA-FSP funded project on Integrating Historical Air 

Photo Data for Cedar Analyses on Haida Gwaii (2007-9) was to improve the processing speed 

and quality of air photo interpretation by using more modern techniques, specifically 3D digital 

stereo interpretation. 

 

The 1930s historical air photos for Haida Gwaii were scanned at UBC, mostly by Sam Coggins, 

a student of Dr. Sarah Gergel. An Epson Expression 1640 XL scanner was used, set to 8 bit grey 

scale and 1200 dots per inch (dpi), with no colour correction. According to Dr. Gergel and Mr. 

Coggins: “Default settings for most scanners often include some form of autocorrection to even 

out contrasts and tones in the image, such as shadows. If the scans are automatically corrected, 

this interferes with orthorectification. Thus, the air photos must be scanned with no automatic 

http://farpoint.forestry.ubc.ca/FP/search/Faculty_View.aspx?FAC_ID=3227
http://www.forrex.org/publications/link/ISS37/vol8_no1_art2.pdf
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correction.” The scanned images were saved in Tagged Image File Format (TIFF) format, with 

each image being about 109,000 kb in size, and labeled by flightline and air photo number. 

 

Dr. Gergel also researched the Federal Camera Calibration and Film Reports at the National Air 

Photo Library in Ottawa and the BC Film Reports. However, very little data was available for the 

historical photos regarding flight altitude, photo centre coordinates, and the roll, pitch, and yaw 

of the airplane (see http://www.grc.nasa.gov/WWW/K-12/airplane/rotations.html) or for camera 

focal length, etc. These data are essential for digital air photo processing, so in some cases they 

had to be estimated and calculated by technical measurements from the air photos themselves. 

 

Digital stereo images and software require special hardware, including a 1024x768 monitor with 

a 100Hz refresh rate. Adaptors are available, for example MacNaughton’s NuVision stereoscopic 

panel upgrades an existing 17” or 21” CRT monitor for 3D viewing with polarized glasses (see 

http://www.nuvision3d.com/download/17-21SX.pdf). 

 

The software program used for this project was the Alta Photogrammetry Suite (APS) from 

Groupe Alta. The product suite includes Image Batch Processing Orientation, Vectorization, 

OrthoMosaic, and AeroTriangulation (email correspondence from B. Lakeland, Groupe Alta, 

Vancouver and http://www.groupealta.com/en/products/aps.aspx). The company website 

explains:  

 

 Image Batch Processing is used for image format conversion, rotation, resampling, and 

enhancement in preparation for the digital photogrammetry; 

 Orientation is a systematic tool for aerial triangulation of imagery using a graphical index; 

 Vectorization (DVP) is for precise data extraction from stereoscopic/monoscopic imagery 

using customized tools, with options to collect vector information using plugins for popular 

CAD/GIS applications; and 

 OrthoMosaic is for the assembly of images into a uniform, distortion free mosaic using 

digital imagery and terrain information for use in GIS and other mapping applications. 

 

This combination of tools greatly enhances the processing and interpretation of digital air photos. 

 

For example, with historical air photos more so than modern air photos, image enhancement is 

often necessary to deal with tonal imbalances between photos. According to Gary S. Smith, 

“Examples of natural quality reducing factors are specular reflectance from waterbodies and 

deep shadows caused by low sun angles.” 

 

http://www.grc.nasa.gov/WWW/K-12/airplane/rotations.html
http://www.nuvision3d.com/download/17-21SX.pdf
http://www.groupealta.com/en/products/aps.aspx
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“The bright spot on the upper image in [the figure on the 

left] is caused by specular reflectance from a body of 

water. This natural occurring phenomenon occurs when the 

angle of incidence of the sun light striking the smooth 

water surface equals the angle of reflection up to the 

camera. The tonal differences between the images are 

fairly minimal, but can be reduced. The thick black line 

between the images illustrates a lack of data and would be 

the result of operator error.” 

http://gis.esri.com/library/userconf/proc95/to150/p124.html 

 

This problem of one photo being darker or lighter than the adjacent photo is caused by different 

light angles at different times of day or along different flightlines. Correcting these differences is 

simply not possible with air photos that have been printed already. 

 

Another example is that direct 

measurements can be made of tree 

heights or elevation points. Base 

elevation is determined from known 

features such as shoreline, then the 

heights of individual trees or elevation 

points can be calculated automatically 

simply by pointing and clicking. The 

digital results are recorded automatically 

in formats such as GIS or CAD. 

 

See illustration on the right, displaying 

DVP in Anaglyph Stereo mode, courtesy 

of Groupe ALTA, Vancouver.  

 

Most importantly, if the stereo pairs are prepared properly, delineation of forest stands or other 

features can proceed smoothly from one stereo model to another. In DVP, hundreds of stereo 

models can be opened at once and users can navigate smoothly from one to another. Once stereo 

models are ready, it is a very quick and easy step to create orthophoto mosaics. 

 

http://gis.esri.com/library/userconf/proc95/to150/p124.html
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In addition to the DVP 

technology suite, Groupe 

ALTA also provides free 

viewing software 

(http://www.groupealta.com

/en/products/altavu.aspx) for 

prepared stereo or other 

imagery. 

 

See the sample screen shot 

on the left. 

 

 

For more information on the DVP technology suite, contact Vancouver branch manager Bill 

Lakeland at (604) 303-7477 or bill.lakeland@GROUPEALTA.com. 

 

The advantages of 3D digital stereo interpretation are summarized in the table below. 

 

Desktop Hardcopy Interpretation Digital Softcopy Interpretation 

Cheaper equipment and no software costs Expensive equipment and software licences 

 Requires prior scanning of photographs or 

negatives 

Ease of initial set-up Ease of data capture and manipulation  

Limitation of zoom scales Multiple zoom scales for tree identification 

 Ability to enhance air photographs for optimum 

viewing, e.g. brightness and contrast 

 Ability to make direct measurements,  

e.g. tree heights 

Difficult to manage data capture between a 

large number stereo pairs on multiple lines 

Smooth transitions among multiple stereo pairs 

Difficulty of reviewing previous work on 

another stereo pair 

 

Captured data requires digitization, often in 

several steps 

Ease of translation of captured data to other 

software packages, i.e. ArcInfo, MicroStation 

 Subsequent creation of ortho photographs 

Work flow less cohesive and more error 

prone 

Stereo models provide for other uses,  

e.g. planimetric and/or contour mapping 

 

The digital air photo processing and forest cover interpretation was conducted by Mr. Jean-Marc 

Fortier and Mr. Roy Kregosky from Global Geomatics, Ltd. in Qualicum Beach 

http://www.groupealta.com/en/products/altavu.aspx
http://www.groupealta.com/en/products/altavu.aspx
mailto:bill.lakeland@GROUPEALTA.com
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(http://www.globalgeomaticsltd.com/aboutus/thegglteam.htm). Mr. Fortier’s expertise includes 

aerial triangulation, stereo compilation, and digital orthophotos, while Mr. Kregosky has more 

than 29 years in the mapping and resource industry and a diploma in Vegetation Resource 

Inventory (VRI) Air Photo Interpretation for British Columbia (see 

http://ilmbwww.gov.bc.ca/risc/pubs/teveg/vri_qa_photointerp_2k6/qa_photointerp_2k6.pdf). 

 

 

Results 

 

Historical forest cover was interpreted for 22 different areas encompassing zonal sites in the 

CWH wh1, wh2, and vh2 BEC variants in widely dispersed locations on central Haida Gwaii. 

Sites also were selected based on locations where existing field data from a variety of sources 

such as BEC mensuration plots and PSP growth and yield plots were available to help with the 

air photo interpretation. In certain locations, stump survey and back-casting techniques, 

developed by Kevin Hardy from the Ministry of Forests and Range Research & Inventory 

Branch in Nanaimo, were used estimate original forest cover in areas that had been logged. 

 

Only five stereo models used federal photos; the rest used provincial photos, showing that digital 

processing and interpretation techniques could be used on historical air photos of slightly poorer 

quality. 

 

 

A sample provincial 

1930s air photo, with 

leading species and 

percent, is shown in 

the illustration on the 

left. 

 

The total area interpreted in this FIA-FSP funded project was just under 9,588 ha. Of these, 

2,047 ha had western red cedar as the leading species averaging 57.6% and another 2,472 ha had 

western red cedar as the secondary species averaging 28.8% 

 

The total cost for the historical air photo processing and interpretation (excluding scanning at 

UBC) was $15,439.10. This worked out to $1.61/ha. For comparison, the cost of new Phase I 

VRI air photo interpretation is around $1.60/ha (for example, see footnote 12 on p. 17 of 

http://www.for.gov.bc.ca/hts/vri/reports&pub/tsa_vsips/mackenziefd_vri_vsip.pdf). 

 

http://www.globalgeomaticsltd.com/aboutus/thegglteam.htm
http://ilmbwww.gov.bc.ca/risc/pubs/teveg/vri_qa_photointerp_2k6/qa_photointerp_2k6.pdf
http://www.for.gov.bc.ca/hts/vri/reports&pub/tsa_vsips/mackenziefd_vri_vsip.pdf
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The project cost included three weeks of intense one-on-one training for a Haida Mapping 

GIS/RS Analyst at the Global Geomatics, Ltd. office in Qualicum Beach. In addition, Mr. Fortier 

made an on-site visit to Haida Mapping to ensure that the DVP stereo models could be used with 

the free AltaVu viewing software. Some pathname repair is necessary when moving the stereo 

models from one computer to another, but it is a very straightforward interactive process in the 

viewing software or a find-and-replace process in a text editor such as Notepad. 

 

 

Conclusion 

 

Thanks to 3D digital stereo processing and interpretation, using the Groupe Alta DVP suite of 

software, the Haida Mapping FIA-FSP funded project on Integrating Historical Air Photo Data 

for Cedar Analyses on Haida Gwaii (2007-9) got off to a very good start. Much misinformation 

about the limitations of what could not be accomplished with historical air photos was cleared 

up. Modern 3D digital stereo techniques were shown to be far superior to traditional desktop 

print air photo interpretation. 

 

The focus for Year 2 of the FIA-FSP project in 2008-9 is to use the same 3D digital stereo 

techniques to interpret modern forest cover at the same locations, and to analyze the change in 

cedar distribution and composition for these selected locations on Haida Gwaii. 


