
Abstract
“A Trip Down Market Street” is an undated film portraying
San Francisco before it was largely destroyed in the earth-
quake and fire of 18 April 1906. Dates for its filming as
early as September 1905 have been proposed, and the goal
of this work was to determine a more precise date within
that range, without reliance on historical records beyond the
film itself. The time of day is indicated by the filmed images
of clocks. Measurements of a surviving building and of its
shadows within the film, along with a solar position calcula-
tor, indicate the time of year was early spring. A different
shadow feature, independent of the building’s current
measurements (other than its orientation), indicates that the
film was most likely shot between 24 March and 30 March
1906.

Introduction
The film “A Trip Down Market Street” is a rare and historic
record of San Francisco as it existed before the earthquake
of 18 April 1906. It was shot from a camera mounted on a
cable car traveling along Market Street to the Ferry Building.
The earthquake and subsequent fire destroyed most of the
city, and it would never again be as it is seen in this film.
Since there is no date on the film itself, there has been some
question about exactly when these haunting images were
captured.

According to the Library of Congress (2010), the state of
completion of various buildings, along with the position of
the Sun and the time shown on the Ferry Building clock,
indicate that it was filmed in early-September 1905. How-
ever, they now also cite the work of film historian David
Kiehn (Garrone, 2010; Browning, 2010a), who determined
from rainfall and license plate records that the film must
have been made in the spring of 1906. They also cite the
Internet Movie Database (2011) which dates the film to 14
April 1906. No reason is given for that date, but it may have
been based on Kiehn’s discovery of a 28 April 1906 adver-
tisement stating that “this film was made just one week
before the complete destruction of every building shown in
the picture” (Browning, 2010a). He has also found a newspa-
per article from 29 March 1906 stating that the filmmakers
had requested the use of a cable car for the Market Street
run (Kiehn, personal communication, 2010).

The purpose of this study was to see if a more precise
date could be established for the filming, within the time
period from late-1905 through April 1906, based on an
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analysis of the film itself, independent of any other histori-
cal records. As the Library of Congress suggested, given the
time of day and the solar angle shown in the film, it is
indeed possible to determine the approximate date at which
it was filmed. However, those features are inconsistent with
any date in late-1905.

Determining the Time of Day
This study is based on digitized versions of the film, on DVD
(Prelinger and Laubscher, 2010) and in an mp4 file (Brown-
ing, 2010b). There are at least three large clocks that appear
in the film, as shown in Figure 1.

According to the timing of the digitized film, the first
clock appears 5 min 18 sec before the second, and the third
appears 1 min 10 sec after that. All three show a hand or
hands in the vicinity of the 3 o’clock position, but more
than that is difficult to say, at least from these digitized
images.

Only in the images of the Ferry Building tower clock
can we distinctly see the position of the minute hand, at a
position between the 3 and the 4. That this is the pointer of
the minute hand, and not the hour hand, is indicated by
Figure 2, a nearly contemporary photograph of the Ferry
Building (Detroit Publishing, 1906), taken after the earth-
quake. The much larger photograph shows that only the
minute hand extends into the outer dial. It also shows that
the hour hand is not much wider than the minute hand, so
that at 3:16:22, when both hands would be at the same
angle, the hour hand would be almost completely obscured.

In the digitized images of the Market St. film, no hour
hand is apparent. It must also have been between the 3 and
the 4, largely hidden by the minute hand. The Library of
Congress (2010) description of the film identifies the time as
3:17. Measurements of the angle of the minute hand show it
to be at 101.6° � 2° from the 12 o’clock position; that would
indicate a time of 3:16:56 � 20 sec, which is consistent with
the Library of Congress description.

According to Dorian Clair, who restored the Ferry
Building’s tower clock in 2002, it is known to have kept
accurate Pacific Standard Time (PST) before the earthquake
(Clair, personal communication, 2010). However, he has also
noted that that same clock today may be off by as much as
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three minutes, due to wind (Adams, 2003). That the film
was made on a windy day is evident from the flapping of
awnings and peoples’ clothes at street level, as well as from
the flags flying high above. Therefore, we will assume below
that the time of day at which the frame of Figure 1b was
exposed was 3:16:56 PM PST � 3 min 20 sec.

Determining the Solar Position
The filmed images of shadows and the objects that cast them
provide a method to find the position of the Sun. There are
many clear shadows in the film, and in principle, it should
be possible to use almost any of them to determine the solar
angle. Given the relative position of the camera’s center of
projection, the relative dimensions of an imaged object can
be determined in three dimensions. The vanishing point of
the cable car tracks gives the horizontal and vertical position
of that projection center, and its relative distance from the
film plane can be determined from the circular cable car
turntable shown near the end of the film (Greene, 1983). No
absolute dimensions would then be required to find shadow
angles, which depend only on relative positions.

Unfortunately, in practice there are many things that
conspire to make such shadow measurements inaccurate
(Paine and Kiser, 2003). The unevenness of the cobblestoned
street, the fuzziness of the images, the rounded profiles of
the objects and their unknown inclinations all contribute a
degree of uncertainty. We could not find a consistent solar

angle using that approach, even with the change in the
Sun’s position over the course of the film taken into
account.

However, there is at least one object that appears near
the end of the film with well-defined points casting clear
shadows on a smooth surface. It also exists to this day and
so is available for direct measurement. That object is the
Ferry Building itself, and in particular, the architectural
elements surrounding its cornerstone.

As may be seen in film frames such as Figure 3a, the
cornice and molding above the cornerstone have sharp
corners whose shadows fall to the right on the building’s
façade. In Figure 3b those same points may be seen in a
recent photograph of the cornerstone, which also shows
their measured locations (in cm) with respect to the bottom
left corner of the façade. Except for the windows that appear
in the film but have since been removed, and the spotlights
added to the pilaster above it, the cornerstone and the
adjacent façade are remarkably unchanged.

The horizontal seams in the facing material are also
visible in the film, and their regular 48.3 cm vertical
separation provides a convenient “yardstick” for measuring
the locations of image points in the plane of the façade.
Assuming that that plane is parallel to the camera’s film
plane, that yardstick can be used in the horizontal direction
as well. (In fact those planes are not exactly parallel, as
indicated by the horizontal lines in the cornerstone, which
converge to a vanishing point far to the left of the frame.

840 Augu s t  2011 PHOTOGRAMMETRIC ENGINEER ING & REMOTE SENS ING

Figure 1. Clocks shown in the film: (a) on the north side of Market at 3rd Street, (b) in the Ferry Building
tower, and (c) on the cable car booth at the Ferry Building.

Figure 2. (a) Ferry building after the earthquake, and (b) detail of its clock. The clock was stopped at 5:16
AM by the earthquake itself (which occurred at 5:12 AM) or its aftershocks.
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Figure 3. (a) Ferry Building cornerstone as seen at the end of the film, and (b) on a cloudy day in 2010 (dimensions in cm).
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However, corrections for the �9.5° angle between them were
found to amount to a small fraction of a pixel in the digi-
tized images, which is insignificant compared to measure-
ment error. The effects of that angle are therefore regarded
as negligible in this study.)

So then, in order to find the solar angle, we must first
measure the location of the shadow of a corner in a frame
from the film. That location in pixels is then converted into
real-world units, using the conversion factor determined by
the seams in the facing material. The angle to the Sun is
then just the angle in three dimensions between that shadow
and the corner from which it was cast. Note that the only
measurements needed from the filmed image are the offsets
of the shadow points from the lower left corner of the
façade and the height of the facing seams.

Solar angles are conventionally described in terms of
two two-dimensional angles: azimuth and elevation. As
shown in Figure 4, azimuth is the angle clockwise from
north to the point on the horizon directly below the Sun.
Elevation is the angle upwards from that point to the Sun.
For things like lampposts and people standing vertically on
flat ground, their shadows will point 180° from the azimuth,
and the length of their shadow depends on their height and
the solar elevation.

As illustrated in Figure 5, given a point P on a protrud-
ing corner with x, y, z coordinates (Px, Py, Pz) and given its
shadow S on a west-facing wall (in the Z = 0 plane) at (Sx,
Sy, 0), the solar azimuth would be 360° less a, where a is
the angle whose tangent is the Z depth of the protrusion
divided by the length of the shadow in the X direction. In
other words:

(1)azimuth � 360� �  arctan (Pz/(Px � Sx)).

A satellite image (Google Maps, 2011) indicates that the
Ferry Building façade shown in the film actually faces 36.3°
to the south of due west. Thus, to get the azimuth from
shadow measurements in the plane of that façade we need
to subtract 36.3°, and so we have:

(2)

To find the elevation, we first find the radial distance r
in the X-Z plane between P and S:

(3)

The elevation is then simply the angle whose tangent is the
height of the shadow (in the Y direction) divided by that
radius:

(4)

So for example, Figure 6 shows a detail of the same
frame as in Figure 3a. The offset in pixels of the shadow of
the lower corner of the cornice is shown relative to the
lower left corner of the façade which serves as the origin.
The height in pixels of four facing panels is also shown.
This image has been rotated clockwise by 1° in order to
bring the images of the vertical members vertical, in com-
pensation for an apparent slight rotation of the camera (or of
the cable car on which it’s mounted) about its optical axis.
Such rotations, of 1° or less, were applied to all the images
of the cornerstone before measuring the shadow point
locations.

Thus, this shadow point S is given by Sx = 8 pixels and
Sy = 127 pixels. Since the four facing blocks that span 167
pixels are known to extend 4 � 48.3 cm = 193.2 cm in
height, each pixel represents 193.2 cm / 167 = 1.157 cm.

elevation �  arctan ((Py � Sy)/r)

r � 3(Pz)2                   � (Px � Sx)2

azimuth � 323.7 � �  arctan (Pz/(Px � Sx)).
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Figure 4. Azimuth and elevation of Sun.

Figure 5. Plan view of shadow on west-
facing wall.

Figure 6. Cornice shadow location
and height of four facing blocks,
measured in pixels.

11-022A.qxd  7/15/11  6:17 PM  Page 842



Thus, the shadow position in real-world units is Sx = 9.3
cm and Sy = 146.9 cm. From the measurements shown in
Figure 3b, we know that the lower corner of the cornice is
located at Px = 21.9, Py = 217.2, and Pz = 94.9 cm. Entering
these values into Equations 2 and 4 above we have:

(5)

(6)

(7)

Theoretically, this process should be enough to deter-
mine the time of year at which the Sun was at that azimuth
and elevation, at shortly after 3:17 on a sunny San Francisco
afternoon. However, there is still the possibility of signifi-
cant measurement error, as we can see by taking more
measurements.

Figure 7 shows the results from measurements of several
frames (all of which were exposed within seven seconds of
each other, so that any movement of the Sun between
frames is negligible). In addition to the four corner points
marked in Figure 3, the azimuth was also calculated from
the shadow of the vertical edge of the cornerstone itself.
That azimuth was then used in combination with the
shadow of the horizontal edge of the bottom of the cornice,
so as to provide a fifth data point for each image.

Some of those digitized frames were taken from the DVD,
with a resolution of 706 pixels � 531 pixels, and some from
the mp4 file, with a resolution of 480 pixels � 360 pixels.
Although the DVD images are nominally higher in resolution
and cover a smaller field of view, they also show more noise
and compression artifacts. In order to provide for greater
precision in locating shadow positions in the mp4 frames,
they were scaled up by interpolation. In one case, several
mp4 frames were averaged together in an attempt to obtain a
higher resolution image. But. the precision of the solar angle
measurements does not appear to depend on the particular
source image. The only apparent systematic error is that the

elevation �  arctan ((217.2 � 146.9)/95.7) � 36.3�

r � 394.92 � (21.9 � 9.3)2 � 95.7

azimuth � 323.7o �  arctan (94.9/(21.9 � 9.3)) � 241.3�

shadows from lower and less prominent features tended to
yield lower values of both azimuth and elevation, for
unknown reasons.

Taking the average of all the measurements shown in
Figure 7, plus or minus twice their standard deviation (2s),
we arrive at the following estimates for solar position:

In other words, based on this data, the azimuth most likely
lies between 239.7° and 242.1° and the elevation between
35.43° and 38.0°.

According to the timing of the mp4 file, the frames used
to arrive at this estimate were exposed (on average) 1 minute
22 seconds after the one in Figure 1b that shows the clock at
3:16:56. So, the time of day portrayed in those frames is
estimated to be 3:18:18 PST ( � 3 min 20 sec, allowing for
wind and measurement error).

Determining the Time of Year
The position of the Sun for a given time of day at a given
location is known with high precision and generally does
not repeat itself within a year. The above estimates of the
time of day and solar angle shown in “A Trip Down Market
Street” therefore offer a way to determine the time of year at
which it was filmed.

The National Oceanic and Atmospheric Administration
(NOAA) provides a spreadsheet (Cornwall, 2010) based on
equations from Meeus (1991) that calculates the solar angle
(corrected for atmospheric refraction) for any time of any
year since 1901 and any location within � 72° latitude. The
cornerstone of the Ferry Building is at latitude 37.795337,
longitude –122.39367. Figure 8 shows the solar azimuth and
elevation generated by that spreadsheet for that location at
3:18:18 PM PST (i.e., GMT –8 hours) � 3 min 20 sec, for
every day from 01 May 1905 through 30 April 1906. The
thickness of these curves is not an arbitrary graphical

elevation � 36.7� ; 1.3�.
azimuth � 240.9� ; 1.2�
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Figure 7. Solar azimuth and elevation calculated from shadow positions.
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element, but rather represents the difference in solar angle
over that 6 min 40 sec time span. The later time (3:21:38)
corresponds to the lower edge of the elevation curve and the
upper edge of the azimuth curve (since in the afternoon, as
the Sun moves westward and begins to set, its azimuth
increases while its elevation decreases.)

Figure 8 also includes horizontal lines that mark the
possible range of solar angles determined above. The
intersections of those lines with the curves indicate the
dates at which there is a possible match for azimuth or
elevation.

As shown by the outer light gray bars, the elevation is
in range from 31/08/1905 to 12/09/05 and from 25/03/06 to
11/04/06. The inner gray bars show that the azimuth is
within range from 20/09/05 to 05/10/05 and from 21/03/06
to 30/03/06. The only dates at which the bars overlap,
indicating a possible match for both azimuth and elevation,
is from 25/03/06 to 30/03/06.

The Library of Congress (2010) states that the clock time
and solar position “point to early September as the month.”
While there is indeed a match for solar elevation in early
September 1905, its azimuth is then at least 1.9° to 3.3°
greater than the largest possible value for azimuth found
above. What that means is best understood by the shadows
of people, etc. seen cast upon the ground in the film. While
there would be a match in early-September for the lengths of
those shadows, the direction in which the shadows literally
point would then be about 2° to the south (the Sun then
being 2° further north) of where they are shown in the film.
Similarly, there is a match in late-September for the shadow
direction, but they would then have appeared considerably
longer, the Sun being at least 2.7° to 3.8° lower in the sky at
that time.

We conclude therefore that “A Trip Down Market
Street” was filmed in the early-spring of 1906, and could not
have been filmed in late-1905, because there is no match for
both the azimuth and elevation at that time.

Determining the Date
Now that we have excluded late-1905, we can get a better
estimate of the specific date of the film by looking at the
shadows in a new way. In particular, the angle of the long

shadow of the right top edge of the cornice, as shown in
Figure 9, limits the relationship between solar azimuth and
elevation, even though it does not determine either of them
individually. That is because the line of that edge and the
line of its shadow define a plane in which the Sun must lie.
So for any azimuth, if we know that shadow angle as well
as the orientation of the wall on which it lies, then we can
determine the elevation.

One of the advantages of using this shadow angle is that
it does not require any knowledge of the actual dimensions
of the cornice, so we do not need to rely on any of the
measurements in Figure 3b of the cornerstone as it exists
today. In fact, we need only assume that the façade is a
vertical plane, at a known angle (36.3°) from north, and that
the edge whose shadow is being cast upon it is perpendicu-
lar to that plane.

Also, while the previous approach relied upon the
precise location of a single shadow point for each corner in
each frame, in this case we have many pixels available along
the whole shadow line, which can therefore provide a more
precise measurement. Since we only care about the angle of
that line, and not its exact location, it doesn’t matter
whether we use the umbra, penumbra, or somewhere in
between, as long as we measure parallel to that shadow.
That allows us to simply threshold the image to find the set
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Figure 8. Solar angle at the Ferry Building at 3:18:18 PM � 3 min 20 sec, 1905 to 1906.

Figure 9. Shadow angle of the top edge of the cornice.
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of pixels along the shadow edge. That thresholding also
makes the pixels along the building verticals stand out,
which allows us to accurately measure and compensate for
the camera’s rotation.

For example, Figure 10a shows the same frame as in
Figure 3a, but with all pixels brighter than a threshold (in
this case, 40 percent of maximum brightness) set to white
and all those darker set to black.

This clearly isolates the pixels along the shadow edge, as
well as the vertical edges on the left and right sides of the
façade. By sampling those pixels, and fitting a line to their
locations using Excel®, we get the linear equations describing
each edge shown in Figure 10b. (R2 values close to 1 indicate a
good fit.) The slope of �65.75 of the lines fitted to the vertical
members indicates that they are at an angle of arctan (65.75) =
89.13°. In other words, the camera was rotated by 0.87°. The
slope of the line fitted to the shadow is 4.969, corresponding to
an angle of arctan (4.969) = 78.62°. Adding the 0.87° offset
gives us angle b = 79.49° for this frame. By following that same
procedure on the multiple frames examined in the previous
section, we can say more precisely that b = 79.4° � 0.3°.

In order to find the relationship between azimuth and
elevation determined by this shadow angle, suppose again
that the wall on which the shadow is cast was facing due
west, as shown in Figure 11.

When the Sun is at position A, at an azimuth of 360°
(i.e., due north), shadow angle b is the same as the solar
elevation. If the Sun was at position C, azimuth = 270° (due
west), its rays would be parallel to the edge of the object, so
it would cast no shadow at all. At intermediate positions
such as B, the elevation must be between those extremes, in
order for the Sun to stay in that same plane with a constant
shadow angle b. We just need an equation that will provide
the particular elevation for any given intermediate azimuth.

We begin by noting that the slope of the shadow edge is
just tan b, so with the origin at the point where the object’s
edge meets its shadow, the equation of that shadow line in
the z = 0 plane is just:

(8)

Since the plane that contains this line and the edge of the
object is parallel to the Z-axis, that then is the equation of
this plane as well.

y �  tan b * x.

The Sun’s elevation at position B is given by:

(9)

where r is the distance, projected in a horizontal plane, of
the Sun from the origin. If the Sun has moved to an angle a
from north, that radius is:

(10)

Substituting Equations 10 and 8 into Equation 9 we have:

(11)
(12)
(13)

The angle a is the difference between 360° and the
azimuth, so in place of cos a we can simply use cos
(azimuth). But for the Ferry Building, whose façade faces
36.3° south of due west, we need to add in that offset, so
the relationship is then:

(14)

If we add a plot of that predicted elevation to Figure 8,
for the known azimuth values from 3:14:58 PM to 3:21:38
PM each day, and � = 79.4° � 0.3°, then we get the black
curve shown in Figure 12. Here again, the width of that
curve is due to the difference in azimuth between those two
times and to a lesser extent, the � 0.3° uncertainty in that
angle. (There is a break in the curve between October 1905
and March 1906, when the Sun is to the right of the cornice
edge, i.e. the same side on which the shadow lies. There is
no way to produce such a shadow at those times, regardless
of the elevation.)

Here we see that the elevation predicted based on the
angle of the shadow crosses the actual elevation at two time
periods: from 27/09/05 to 11/10/05 and from 24/03/06 to
30/03/06. This confirms that the shadows in the film could
not possibly have been seen at that time of day in early-
September 1905. And since we’ve already ruled out any
time in late-1905, the actual filming must have occurred
within the second date range. That also happens to be

elevation �  arctan ( tan b *  cos (azimuth � 36.3�)).

elevation �  arctan ( tan b *  cos a)
elevation �  arctan (( tan b * x)/(x / cos a))

elevation �  arctan (y /(x / cos a))

r � x/ cos a

elevation �  arctan (y/r)
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Figure 10. (a) A thresholded frame, and (b) lines fitted to the edges of the shadow and verticals within
that frame.
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almost the exact same range (25/03/06 to 30/03/06) where
we had already found matches for both azimuth and eleva-
tion based on shadow points rather than edges.

We can get a clearer picture of what was happening at
that time by focusing in on the small patch of sky through
which the Sun was then passing. For any one azimuth and a

constant shadow angle, Equation 14 determines a single
possible elevation, as shown by the thick black line in
Figure 13, regardless of the extent to which time of day and
time of year each contribute to that azimuth. The gray bands
to either side of that line correspond to the � 0.3° uncer-
tainty in the shadow angle measurement. So even though the
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Figure 11. The plane defined by the edge of an object and the edge of its shadow.

Figure 12. Predicted elevation (black curve) based on shadow angle of 79.4° � 0.3° and known
azimuths for 3:18:18 PM � 3 min 20 sec.
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shadow angle does not determine a single location, we know
that the Sun must have lain somewhere along that black line
or within those bands when these frames were exposed.

The possible locations arrived at from shadow point
measurements, previously shown in Figure 7, are shown
again in Figure 13 in light gray for comparison. The bound-
ing box determined by the 2� uncertainty in those measure-
ments (� 1.2° of azimuth, � 1.3° of elevation) is also shown
with a dashed light gray line. Note that the gray bands
flanking the predicted elevation curve are much thinner than
the width or height of that box, indicating the increased
precision provided by the shadow angle measurements.

Figure 13 also shows the known positions of the Sun,
based on the NOAA spreadsheet, for each day from 24 March
to 30 March 1906 and the times of day of interest here. The
small circles represents the position of the Sun at 3:18:18
PM on each of those days, and the lines extending from
each circle indicate the range of possible positions each day
due to the � 3 min 20 sec uncertainty in the clock time.
(The actual angular size of the solar disc is also shown for
comparison.) Again, the azimuth increases and the elevation
decreases as each afternoon wears on. And every day in
early spring, the Sun is a bit higher in the sky and further to
the west than it was on the previous day.

The lines representing the Sun’s positions only come
within a solar radius of about a quarter of the light gray data
points we had found by measuring the shadows of corners.
Even their � 2� bounding box mostly intersects the solar
positions at the “3 min 20 sec fast” end of the range of
possible clock times.

By contrast, at 3:18:18 PM on 27/03/1906, the actual
solar position is almost exactly on the thick black line

where the shadow edge angle measurements say it must
have been, making that the most probable date for the
filming. However, due to measurement error and uncertainty
about the exact time shown on the clock, anywhere the gray
bands overlap any of the lines for the Sun’s position also
indicates a possible date consistent with this data, implying
a range of � 3 days. In other words, the shadow angle and
the time on the clock indicate that the film must have been
made between 24 March and 30 March 1906.

Conclusion
As noted above, the clocks and shadows shown in the film
are inconsistent with the date in late-1905 originally given
by the Library of Congress. Rather, “A Trip Down Market
Street” must have been filmed during the early-spring of
1906, most likely within a few days of Tuesday, 27 March,
just three weeks before the earthquake and fire on
Wednesday morning, 18 April.

These results are consistent with Kiehn’s findings based
on rainfall and license plate records. However, they are not
consistent with the Internet Movie Database’s date of 14
April, nor with the date of “one week before” the earthquake
(i.e., 11 April) given in the 1906 advertisement found by
Kiehn and quoted in the Introduction.

Of course the Ferry Building’s survival also contradicts
that advertisement’s assertion that “every building shown”
in the motion picture was completely destroyed. This was
probably not the first (nor the last) time hyperbole was used
in film advertising. An advantage of photogrammetric
analysis is that it does not depend on the accuracy of such
written records.
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Figure 13. Determining the date from the angle of the shadow edge.
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