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ABSTRACT

The design of an automated radiometer traversing system used to measure nocturnal longwave surface radiative
budgets in a model urban canyon is described. The system allows two net radiometers to be traversed around
the perimeter of a canyon cross section in order to resolve the spatial distribution of net radiation without
necessitating extensive arrays of instruments. The system has been used to study the temporal and spatial
variations of radiation and near surface air temperature within a model urban canyon and to validate a numerical
canyon radiation model. Considerations affecting the placement of the sensors with respect to the canyon
surfaces are detailed. The traversing speed is determined using an analysis of sensor response to anticipated
spatial changes in radiation across canyon surfaces. Test results confirm the design parameters.

1. Intreduction

Field observation programs designed to study the
microscale meteorology of urban canyons are faced
with the difficulty of selecting an appropriate, repre-
sentative location at which observations may be made,
and are often limited by numerous logistical con-
straints. Substantial spatial variations in meteorological
variables often occur within urban canyons, necessi-
tating extensive arrays of instrumentation (e.g., Nunez
and Oke 1977, Nakamura and Oke 1988). One alter-
native that has been used to overcome some of the
real-world restrictions inherent in the study of urban
canopy-layer climate is the use of scale models. Oke
(1981) and Johnson and Watson (1987) have used
scale models to study the influence of canyon geometry
upon surface radiative cooling, and Aida (1982) ex-
amined the albedo of canyon systems. The instrumen-
tation used in those studies was very simple, in part
owing to the much reduced scale of the models, and
consisted of single (Oke 1981) or multiple (Johnson
and Watson 1987) thermocouples and one upright and
one inverted pyranometer (Aida 1982). The measure-
ments obtained were thus an integrated value over the
entire model surface and do not address the subcanyon-
scale variability within individual canyons. The use of
a larger scale model in which more extensive within-
canyon instrumentation could be employed would al-
low the microscale variation of climate elements within
canyons to be studied.
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Recently, such a model has been constructed (Voogt
1989). It incorporates an automated canyon traversing
system (CTS), an apparatus used to traverse radiome-
ters around a model urban canyon cross section in or-
der to obtain spatially resolved radiation measurements
on each of the canyon facets (walls, floor, and top).
The use of the CTS allows the spatial and temporal
variations of the nocturnal longwave radiation balance
to be resolved in a reduced-scale canyon without the
need for multiple instruments that are prohibitive in
cost and the space they would occupy in the scale
model. It also eliminates the need to match instru-
ments. The model canyon and CTS have been used to
perform a validation test of the Arnfield (1976, 1982)
numerical urban-canyon radiation model (Voogt 1989;
Voogt and Oke 1990) for nocturnal longwave fluxes
and to investigate the spatial and temporal variations
of the nocturnal cooling of canyon surfaces (Voogt
1989). Further development of the CTS to carry a va-
riety of sensors for investigating other processes of in-
terest in the urban canopy layer is possible.

This paper describes the design of the automated
traversing system and the scale canyon in which it was
used. Test results from the CTS are presented.

2. A simple model urban canyon
a. Description

The model canyon was constructed outdoors and
comprised two identical walls approximately 10 m long
with a maximum height of 1 m oriented north—south
on an existing base of poured concrete. Each wall was
constructed using a stack of between three and five
overlapping layers of 200 X 200 X 400 mm? two-cell,
hollow concrete blocks, capped by a single layer of 200
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X 200 X 50 mm? solid concrete slabs, depending upon
the desired height to width ratio (H/W). Standard
overlapping brick construction was used to build the
walls. That a wall length of 10 m was an adequate
representation of an “infinitely long” wall is justified
in Fig. 1. The maximum canyon width that could be
used with the CTS was 1.9 m; the minimum width was
approximately 0.5 m. Canyon H/W was varied in all
but one case (0.41) by varying the width rather than
the height. This method was adopted because the CTS
allowed more variability in the length of the traverse
than in the height.

A supporting framework was not used in the canyon
construction and the blocks were not joined by any
bonding material. No adhesives were used because tear
down and rebuilding of the wall was necessary to gen-
erate new values of H/W. A 25-mm layer of extruded
polystyrene insulation was taped to the exterior of the
walls to aid in isolating the inner, active canyon surfaces
by reducing heat loss through the backs of the canyon
walls and by reflecting incident shortwave radiation on
the outside of the walls.

b. Similarity

Similarity with real-world canyons is limited to the
geometric similarity obtained through the use of
H/W. Canyon materials and construction techniques
have not been explicitly scaled, although they bear
some resemblance to those found in real deep urban
canyons where the surrounding buildings are largely
made up of concrete or other materials with high ther-
mal admittance. Processes governing radiative transfer
have not been scaled in any way. As in Oke (1981),
the characteristic length scale of radiative transmission
may be considered to be negligible compared to the
length scales of the model. The path length available
for gaseous absorption and reemission of radiation
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FIG. 1. The increase in wall view factor calculated for a point
located midway up the opposite canyon wall at midcanyon for in-
creasing lengths of wall.
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within the canyon is less than that available in the real
world and is not scaled. The time available for canyon
heating and cooling is governed by natural factors.

¢. Restriction of results

In addition to the scaling limitations discussed pre-
viously, there are other restrictions inherent in the use
of the selected methodology, which may limit the ex-
tension of the scale model canyon results to full-size
urban canyons. The scale model canyon does not in-
clude any interior heat source, so that results are limited
to periods when canyon surface temperatures are not
greatly affected by internal heat sources such as space
heating. The current use of net radiometers with the
CTS has been limited to nocturnal periods in which
shading of directly irradiated surfaces by the sensors is
not a problem. It is not expected that turbulent fluxes
from this canyon would be comparable to those in the
real world due to the dependence of the laminar
boundary layer thickness upon the distance from the
leading edge. The determination of CTS operating pa-
rameters was based on modeled longwave distributions
characteristic of stable, clear, and light wind conditions
in a symmetric canyon with H/W = 1.0. Those con-
ditions were shown to generate large spatial differences
of longwave radiation in the H/W = 1.0 canyon.

3. The canyon traversing system
a. Description

Figure 2 shows a generalized side view of the CTS
as mounted in the model canyon and an end view of
the vertical traversing assembly. The numbered labels
correspond to those used in the following description.

The CTS uses two electric motors 1) and 2) to pro-
vide power for horizontal 3) and vertical 4) precision
ball screws that drive an instrument carriage 5) around
the canyon cross section. The length of the horizontal
ball screw 3), limits the maximum canyon width,
which may be used with the CTS. A third motor 6),
mounted on the carriage, is used to rotate the two min-
iature radiometers 7). The arc of rotation required by
the traversing instruments limits the minimum useful
canyon width to approximately 0.5 m. Control and
power are provided via a panel mounted behind the
east wall of the canyon. The ball screws are mounted
in a framework 8) bolted to the ground outside the
canyon and stiffened by a guide wire 9) running
through the walls across the bottom of the canyon.
Electromechanical limit switches 10) govern the length
of travel of the instrument carriage and are used to trip
the rotation and delay sequence of the instruments.
The traverse path for the instruments was: up the east
wall; across the canyon top from east to west; down
the west canyon wall; and across the canyon floor to
the east wall. Upon reaching the end of each facet tra-
verse, the instrument carriage trips a limit switch that
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F1G. 2. Generalized drawing of the CTS. Top: side view; bottom: end view of the vertical traversing assembly. The
numbered labels correspond to those used in the text description: 1) horizontal drive motor, 2) vertical drive motor,
3) horizontal drive screw, 4) vertical drive screw, 5) instrument carriage, 6) instrument rotation motor, 7) miniature
radiometers, 8) support frame, 9) guidewire, 10) limit switches, 11) instrument carriage arm.

rotates the radiometers to face the new facet. The in-
strument carriage then remains stationary for a set pe-
riod (the delay) prior to the commencement of tra-
versing in order to allow the instruments to equilibrate
to the new radiation balance. The radiometers are
mounted on an arm 1) extending outward from the
traversing carriage to reduce obstruction of the instru-
ment’s view factor by the CTS. Figure 3 shows the CTS
mounted in the model canyon at the field site.
Manual and automatic modes of operation are
available. Manual operation provides individual con-
trol over each motor so that the instrument carriage
may be placed anywhere within the canyon cross-sec-
tion boundaries defined by the limit switches. During
automatic operation, the instruments traverse around
the canyon cross section, while automatic instrument
rotation and delays are engaged via the limit switches.
This was the primary mode used for data collection.
The sensor position may be determined at any point

through knowledge of three parameters: traverse speed,
state of the traverse (delay or traversing), and start
location. The state of the traverse is indicated by a
voltage at the control panel (high when the traversing
system is in a delay and low otherwise), which is re-
corded to indicate the state of the traverse.

The distance between the radiometer sensing surface
and the canyon facet being traversed averages 30-40
mm for the walls and 20 mm for the canyon floor. The
instruments are set coincident with the plane across
the canyon top.

b. Traversed instruments

In the configuration employed, the traversed sensors
include two miniature net radiometers (Swissteco
Model S1 Minor Mk 2) and a 30 awg type-T unshielded
thermocouple for monitoring air temperature.

One of the radiometers was equipped with a black-
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HG. 3. The CTS as mounted in the model canyon.

body cavity in order to measure the outgoing longwave
radiation (L,) from the canyon walls and floor. The
second was operated in a net radiation configuration
to measure L*. The outgoing longwave radiation L,
was measured in preference to the incoming longwave
flux (L;) because the height of the instrument dome is
less than that of the blackbody cavity and therefore
allows the instrument to be located closer to the canyon
surface. ‘
Table 1 compares the instrument specifications of
the more commonly used full-size Swissteco S1 net
radiometers with those of the miniature version. Ad-
vantages of using the miniature radiometers include:
reduced power and strength requirements for the CTS,
a reduction in the canyon volume taken by instru-
mentation and therefore a reduction in the view factor

TABLE 1. Miniature and full-size net radiometer specifications.
Source: Miniature (W. Beerli, personal communication), full-size
(Monteith 1972).

Miniature S1

Parameter minor Mk 2 Full size S1
Diameter of sensing
surface 16 mm 50 mm
Instrument diameter 22 mm 95 mm
Height of dome above
sensing surface 10 mm 30 mm

Sensitivity (typical) 0.006 mVW™'m? 004mVW!'m?

Accuracy of
calibration +2.5% +2.5%
Response time 98% in 22 s 98% in 25 s

of the instrumentation, and the ability to locate the
radiometers much closer to the surface due to the
smaller domes used on the instruments. As the radi-
ometers are positioned closer to the surface of mea-
surement, errors due to emission by the intervening
air layer are reduced (Idso and Cooley 1971). In the
nocturnal urban-canyon environment, this is of im-
portance in the early evening when surface tempera-
tures can be significantly different from air tempera-
tures.

c. Specification of the traverse separation distance

The design of the traverse separation distance (dis-
tance separating the sensor from the surface to be mea-
sured) is based upon view factor considerations and
the height of the canyon wall. The radius of the area
seen by a radiometer at a separation distance necessary
to achieve a given view factor is shown graphically in
Fig. 4. It emphasizes that as the instrument separation
distance above the surface decreases, a smaller area
provides a given view factor. This is an important con-
sideration when using the CTS for numerical model
validation because models such as Arnfield (1982)
predict the flux density for a specific point on the sur-
face, while a radiometer measures the average flux
density for the area viewed.

The view factor of the surface becomes critical near
the ends of the facets, particularly the tops of the canyon
walls. With increasing separation distances in these re-
gions, an increasing proportion-of the instrument’s view
factor will be occupied by a facet other than that being
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FI1G. 4. Radius of the area seen by a radiometer necessary to achieve
a given view factor for different separation distances from the surface.

traversed, or, in the case of the tops of the walls, the
night sky. Figure 5 illustrates this “end effect” as a
traversing radiometer approaches the end of a 1.0-m
canyon wall.

The lower limit of the traverse separation distance
is determined by the roughness of the surface and the
height to which the instrument domes project above
the sensing surface. However, the placement of a ra-
diometer close to the surface obscures a portion of the
radiation field that would normally be viewed at that
point (Fig. 6) and replaces the L; from the sky, walls,
and floor with L; emitted from the radiometer. This
will affect the radiative balance of the surface being
measured if the temperature of the radiometer differs
from that of the surroundings and will have a larger
effect as the sensor is positioned closer to the surface;
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FIG. 5. The “end effect” for view factors of a traversed canyon
facet as a traversed radiometer approaches the end of a facet. The
effect is diminished at lower traverse separation distances.
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FIG. 6. Obstruction of the radiation field by a miniature radiometer
located above a canyon surface. View factors are calculated for a
point directly beneath the radiometer (limiting case) and for the
circular areas that make up the surface view factor of the instrument.

i.e., the view factor of the radiometer for the surface
increases.

In tests conducted by Idso and Cooley (1972), no
gradients were found in the surface temperature be-
neath a full-size radiometer located 0.2 m above a grass
surface. Similar tests were repeated in this study for
miniature and full-size radiometers mounted 50 mm
above an open asphalt surface for an extended period
of time. No discernible surface temperature changes
were detected using a narrow-view infrared radiation
thermometer (Barnes Model PRT 4A). Within a can-
yon the effect is likely to be small because the sky view
factor, ¥, for points is already very much reduced, and
the differences in radiative temperature between the
radiometer and canyon surfaces are small compared
to differences between radiometer temperatures and
the sky radiative temperature. Any change in surface
temperature occurring in the small area with a high
view factor for the radiometers, which might be sensed
by a narrow field-of-view instrument such as the PRT
4A, will be less evident in the signal from the net ra-
diometers because they have a full hemispheric field
of view. The likelihood of such changes occurring when
the instruments are traversed is small. Thus, the in-
struments were positioned as close as possible to the
canyon facet surfaces being traversed.

d. Specification of the instrument traversing speed

The sensor traversing speed was determined from
an analysis of sensor response to anticipated changes
in the outgoing and net longwave flux densities across
canyon facets. The approach is based upon the response
of a temperature sensor (first-order responder) to
changes in environmental temperature as described in
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Fritschen and Gay (1979). The time constant  of the
miniature radiometers used is 5.62 s, (22 s for 98%
response, Table 1) calculated from

[0 - O/ (Q—Q)=a=e"", (1)

where Q, is the initial radiation, Q(¢) is the radiation
at the time elapsed #, Oris the radiation following the
step change, 7 is the time constant of the instrument,
and q is defined as the adjustment remaining,.

The method described by Fritschen and Gay (1979)
assumes a stationary instrument responding to a tem-
poral change in the environmental temperature. Here
it is assumed that spatial changes in radiation occurring
over the length of a traverse are much greater than
temporal changes; i.e., the change in L, or L* across
a canyon facet is much larger than any change induced
by heating or cooling in the time it takes to traverse
the facet. The response of the instrument is, therefore,
a function of distance, but can be related to time by
the traversing speed.

The equation governing sensor response is

dQ/dt = —(Q — Qu)/, (2)

where dQ/dt is the change of measured radiation with
time (here time is the time necessary to traverse a facet
and represents spatial rather than temporal changes),
and @, is the actual or true radiation. If changes in Q,
over the facets are known, the sensor response may be
calculated for the traverses across the canyon facets.

To obtain a first-order estimate of O, and the spatial
distribution of longwave radiation over the canyon
facets, modeled distributions of L, and L* were gen-
erated using the Arnfield (1976; 1982) model and a
set of canyon temperature data collected from a canyon
with H/W = 1.0 (Fig. 7): These data represent clear,
light wind conditions in which large spatial changes
of radiation were observed. The modeled measure-
ments were substantiated by spot measurements of L,
and L* taken by a miniature radiometer. The net and
outgoing radiation distribution on the walls for most
times after sunset may be represented by a linear ramp
change and that of the top and floor by a ramp or part
of a periodic function.

With a linear ramp change of L, or L*, the change
of the radiation sensed by the radiometer over time
(i.e., distance /speed ) may be written

dQ/dt = —(Q — Bt)/, (3)

where B is the rate of change of the true radiation Q.
with time. To obtain (3), it is assumed that Q = Q4
= ( att = 0, and further, Q, = Bt. Following Fritschen
and Gay (1979), the solution of (3) with Q = Q, at
the start of the traverse is

Q=Bt— Br(l —e™),
and since Q4 = Bt,
Q— Q4=—Br(1 —e™).

4

(5)
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When ¢ > 7 (i.e., the traversing time is much greater
than the instrument time constant), the second term
on the right-hand side of (5) is reduced to 1 and the
equation becomes linear.

Given an estimate of the change of L, or L* over
the wall (AQ,) and the speed of traverse, the slope B
may be calculated. Specifying the length of traverse
and instrument time constant, various speeds or times
of traverse may be tested for the difference between Q
and Q.. Two such tests are presented in Table 2 and
cases from each test are illustrated in Fig. 8.

With greater AQ, and with faster traversing times,
Table 2 shows that the difference between the true and
measured radiation grows. The two AQ, tested are
representative of the modeled spatial changes of L*
and L, times, early and late in the evening in a model
canyon with H/W = 1.0 under clear, light wind con-
ditions. The traversing times tested were chosen some-
what arbitrarily but are constrained by a lower limit,
governed by the maximum speed of the traversing unit
and the increase in vibrations of the sensors that ac-
company higher traversing speeds, and an upper limit,
restricted by the total amount of time needed to com-
plete an entire traverse. To maintain the difference (Q
— Q4) below —1 Wm™2 fora AQ,of 30 Wm™2 a
speed of less than 5.95 X 1073 m s~ is necessary over
a wall with a height 1.005 m.

For a sinusoidal change, the governing equation (3),
assuming Q = Q, = 0at¢ = 0and Q, = Q, sinwt, may
be rewritten as

dQ/dt = —(Q — Qi sinwt)/ 7, (6)

where w = 27 /period represents the angular frequency
of oscillation, and @, is the amplitude of the oscilla-
tions. The solution of the first-order linear differential
equation with the constant solved for Q = @, =0 at ¢
= () as before, yields

Q = Qrae™ + Quasin[(wt — L)], (7)
where
a=[1+(wr)’17'? (8)
and
L = arctan(wr). 9)

When ¢ > 7, a represents the attenuation factor of the
measured signal and L/w represents the time lag of
the measured signal behind that of the true signal. The
attenuation, lag, and lag time calculated at several tra-
versing speeds are presented for sinusoidal radiation
data with an amplitude of 10 W m~2 in Table 3. This
amplitude is large with respect to most observed
changes across the top and floor. Figure 9 illustrates
the lag and attenuation for three traversing speeds.
For traverse times of 180 s or greater (5.56 X 1073
m s~! over a 1.005-m facet), the amount of attenuation
is negligible and the lag times are small. As traverse
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TABLE 2. True and measured radiation for a sensor traversed across
a canyon wall. Change in flux density of radiation over a wall (AQ,)
iss (@) 15Wm™ (b)30 Wm™2

Traverse Speed Slope B |Q — Qul
time (s) (ms)x 1072 Wm32s™ (Wm™)
(@
300 0.335 0.05 0.28
240 0.419 0.0625 0.35
180 0.558 0.0833 0.47
120 0.838 0.125 0.70
60 1.675 0.25 1.41
®
300 0.335 0.10 0.56
240 0419 0.125 0.70
180 0.558 0.167 0.94
120 0.838 0.25 1.41
60 1.675 0.50 2.81

times drop below 120 s (speeds less than 8.38 X 107°
m s~ '), the attenuation becomes more pronounced
and lag times decrease.

On the basis of the tests presented in Tables 2 and
3 and anticipated distributions of longwave radiation
in canyons of differing H/W ratios, a constant tra-
versing speed of 0.558 X 1072 m s~ over all facets was
selected for operational use with the CTS. The CTS
may also be configured so that vertical and horizontal
traverses are conducted at different speeds, since sep-
arate drive motors are used but the speed remains con-
stant over the traverse. It should be stressed that the
analysis presented serves only as a guide to choosing
an appropriate traversing speed and does not provide
any form of correction factor. It is based on’simple
approximations to the actual radiation distributions
that occur across canyon facets.

SENSOR RESPONSE TO A RAMP CHANGE

Change in Radiation (W m~2)

L
o] 5 10 15 20 25 30
Time From Start of Traverse (s)

FIG. 8. Sensor response to a ramp change in L, or L* over a
canyon wall. Total change over the wall is 30 W m™2. Solid lines—
actual radiation; dashed lines—measured radiation. Traverse times
are: A—60 s; B—180 s; C—300 s for a 1-m canyon width.
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TABLE 3. Attenuation and lag time of canyon floor/top data for
various traverse times. Amplitude of Q,is 10 W m™2

Traverse time Period Attenuation Lag time -
(s) (s) factor Lag (s)
300 600 0.998 0.059 5.617
240 480 0.997 0.073 5.614
180 360 0.995 0.098 5.606
120 240 0.989 0.146 5.583
60 120 0.959 0.286 5.469

To test if the radiometers accurately measure the
changing radiation while traversing at the selected
speed, a single net radiometer was set in a fixed position
over a canyon facet, and the measurements were com-
pared to those of the traversed instruments as they
passed the point. By necessity, the fixed radiometer
was offset from the track of the traversed radiometers
so that the areas viewed by the two instruments differed
slightly. The comparison between the fixed and traverse
estimates of L, for the west wall (Fig. 10) indicate a
slight overestimate by the traversing radiometer. The
error bars on the traverse results are the standard de-
viations from the average value for all samples taken
within the gridpoint boundaries of the point being
tested. The error bars for the fixed radiometer data
represent the standard deviation from the average value
over the time taken for the traverse. The fixed radi-
ometer output is a 1-min average, thus the standard
deviations are generally small.

Figure 10 illustrates the results from two tests. In
the first, the fixed radiometer was positioned near the
base of the wall, 24.15 cm above the canyon floor,
yielding a traverse length of 72.45 cm. In the second
test, the fixed radiometer was positioned 28.05 cm from

SENSOR RESPONSE TO A SINUSOIDAL CHANGE

[=]

[+
T

Change in Radiation (W m~2)

0 50 100 150 200 250 300

Time From Start of Traverse (s)

FiG. 9. Sensor response to a sinusoidal change in L, or L*. Solid
lines—actual radiation; dashed lines-—measured radiation. Traverse
times are: A—60 s; B—180 s; C—300 s for a 1-m canyon width.
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FIG. 10. Tests between a fixed (crosses) and traversed (diamonds) radiometer for L, at (a) a position 24.15 cm from the base of the west
wall and (b) 28.05 cm from the top of the wall. Error bars are standard deviations of all samples taken over each gridpoint during the

traverse.

the canyon top, giving a traverse length of 24.15 cm.
Traversing commenced at the top of the west wall and
continued downward towards the base of the wall. The
first test, which involves a greater length of traverse
than that of the second, indicates an overestimate of
between 2 and 3 W m™2. Given the direction of traverse,
and the expected distribution of radiation during this
period of the evening (see Fig. 7), the tests do not
produce evidence of a lag in the sensor response. A lag
in response to a ramp change would produce a lower
value for the traversing sensor compared to the fixed
radiometer, whereas the tests indicate the opposite. It
is possible with the first test that an S-shaped distri-
bution of radiation (as illustrated in Fig. 7) could pro-
duce an overestimate of the flux density as the traversed
instruments lag in their response to the decreased
change in L,. However, the chances of this occurring
near the top of the wall are unlikely. It is more likely
that the results are due to: (a) minor differences in the
angle of the two radiometers relative to the surface they
view and/or (b) the offset of the fixed radiometer from
the line of traverse.

e. Specification of the instrument delay interval

The determination of sensor traversing speed based
upon sensor response to the distribution of radiation
across the canyon facets assumes Q, = Q at the start
of a traverse across each facet. To achieve this, upon
completion of a facet traverse and rotation of the sen-
sors, the instruments must remain stationary for a pe-
riod of time in order to equilibrate to the radiative
environment over the new facet. The difference in ra-

diation between two adjacent facets is equivalent to a
step change. Using the time constant of the radiome-
ters, the time needed to adjust to a given fraction of
the new level of radiation may be determined from Eq.
(1). Changes between facets are assumed to be greater
than temporal changes occurring during the delay time.

The CTS has a built-in delay of 27 s that begins after
each instrument rotation. This provides an adjustment
factor of 99% based on Eq. (1). The largest changes in
radiation occur during instrument rotation to and from
the canyon top, with much smaller changes occurring
between the walls and floor.

Confirmation of the delay interval is easily accom-
plished by plotting the instrument output from the ra-
diometer after a rotation has occurred and while the
CTS is in the delay phase. The step change in radiation
between facets will be most clearly evident as the in-
strument traverse changes to and from the canyon top
because of the contrast between the sky and canyon
radiative temperatures. Figure 11 illustrates the ad-
justment that occurs over the delay period at these
points. The results indicate that a 27-s delay interval
is adequate for the adjustment of the sensors.

4. Conclusions

The design of a canyon traversing system that allows
miniature net radiometers to be automatically moved
around a model urban canyon cross section has been
discussed. The speed at which the sensors move has
been set according to an analysis of expected radiation
distributions on canyon facets and the response of the
moving sensor to them. The traverse separation dis-



540

N
N
O

>
o
O

[
D
(@

(@]
N
(@]

Measured Radiation (W m~2)
O
)
o

0. S 10 15 20 25

Time From Start of Delay (s)

FIG. 11. Measured longwave radiation during the delay period
following an instrument rotation to and from the canyon top. (L; is
measured at the canyon top, L, from the walls.)

tance is described in relation to view-factor consider-
"ations. Tests of the traversing speed and delay length
showed the design to be adequate for most conditions
experienced in the model canyon.
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