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1.0 INTRODUCTION

The transformation of wind speed data from station measurements to a building
site of interest has been made difficult by the lack of a systematic method to
account for small scale terrain effects. Studies have shown that the presence of
nearby buildings or trees even at distances of 10 obstacle heights or more can
decrease local wind speed by 10% to 25%, depending on the situation. There are
a number of models available that take into account the terrain effects and
perform the wind speed data transformation from one site to another. However,
the reliability of the results from these models cannot be completely trusted. The
objective of this project, therefore, is to: analyze the wind speed predictions from
these models by comparing them with the actual measured wind speed data, and
as a first step in the development of a method to most correctly predict the wind
velocities at building sites under consideration, from the wind data measured at
nearby meteorological stations.

Four wind correction models were reviewed and tested by using the wind data
available from five nearby meteorological stations. The four models used were:
LBL model, AIM-2 model, ASHRAE model and the Log Profile model. The
experimental site was the Alberta Home Heating Research Facility (AHHRF) and
the five nearby wind measuring stations were: Edmonton Iniernational Airport,
Edmonton Municipal Airport, Namao Airport, Ellerslie Climate Station and Stony
Plain Climate Station. Each wind correction model estimated the wind speed at
the AHHRF (experimental site) from the wind speed data measured at each of the
five nearby wind measuring sites mentioned. All the measuring stations, including
the AHHRF can be classified as being situated in a rural terrain. Therefore, any
conclusions drawn from this study can only be applied to wind comparison of two
sites in rural areas. In order to predict the wind speed of an urban site from that of
a rural site, another study must be carried out, whicli will have the experimental
site located in an urban terrain.

The most important element in applying the wind correction models was the
proper assignment of terrain factors to each station and site. Each model has its
own system of defining the terrain classes and parameters. The terrain
coefficients were assigned according to the upwind obstruction. All the four
models were first run by assigning the terrain coefficients in 22.5” direction bins



(called the first iteration). The terrain classes for each station were estimated by
examining the upwind terrain based on site visits. Aerial photographs were used
to establish distances between measurement point and upwind roughness for all
sites. During the second iteration, the terrain classes and therefore, .the
respective terrain coefficients were modified based on the results from the first
iteration. It should be noted that the terrain classification system and the
corresponding terrain coefficients for the models were not changed. During the
second iteration, however, the terrain classes in some cases were reconsidered
and reassigned.

The four wind models were programmed into the computer and runs were made
using the data from the five wind measuring stations and the Alberta Home
Heating Research Facility (AHHRF). The wind velocity at the AHHRF site was
estimated from the wind speed at the other five measuring stations. The
estimated wind speed was compared with the actual measured wind speed at the
AHHREF site and the percent error and its standard deviation was calculated. The
output data was binned into day, night and day +night based on the solar altitude
for the station. The output data was also binned into twelve one meter per
second wind speed bir.s and four 90° direction quadrant bins. The output data
was also analyzed on the basis of monthly averages in order to determine if there
are any seasonal effects on the wind speed estimates.



2.0 WIND CORRECTION MODELS

2.1 Introduction

This chapter describes the four wind velocity correction models tested in this
project. These are the LBL model, the AIM-2 model, the ASHRAE model and the
Log Profile model. The first three of these are power law models and are
essentially the same except for the coefficients used. The fourth has a logarithmic
form, as its name implies, but its profile shape is not greatly different from the
other three models. The following sections describe the four models in detail.

2.2 Sherman's Model (LBL) [1]

Terrain effects result from the fact that the measurement of wind speed may not
occur at the same height or in the same general geographical terrain as the
building site under consideration. To calculate the wind speed at one site from
measured data at another, the standard wind speed at measurement site is first
calculated by using the following standard-wind engineering formula:

Uz = Upaxp (H2/10)72 (2.2.1)
or Uo = Uz/[x2 (H2/10)72] (2.2.2)
where

Us = actual wind speed at the measurement site,

Uo = wind speed at standard conditions,

Hz = height of the measurement site,

x3,72 = constants that depend upon terrain class of the

measurement site. '

Then the standard wind speed is used to calculate the wind speed at the desired
site. Standard conditions are defined to be a height of 10 m and a terrain of Class
Il. The following formulae are used to estimate the wind speed (Ue) at desired site
of height Hi:

Ue = Uocx-] (H1/10)11 (223)



From equation (2.2.2) and (2.2.3)

Ue = Uz [x1 (H1/10)71] / [ex2 (H2/10)72) (2.2.4)

Ue = CT U2 (2.2.5)
where

Us = estimated wind speed at the desired site,

«1,91 = constants that depend upon the terrain class of the site
where the wind speed is to be estimated.

and Cr = terrain coefficient = [y (H1/10)71] / [x2+ (H2/10)72]
This model (LBL) classifies the terrain into five classes depending on the relative

surface roughness at the ground level. The terrain parameters « and ~ for each
class are listed in Table 2.1.

Table 2.1 Terrain Parameters for Standard Terrain Classes (LBL model)

Class x y Description

I 1.30 0.10 Ocean or other body of water with at least 5
km of unrestricted expanse

i 1.00 0.15 Flat terrain with some isolated obstacles (e.g.,
buildings or trees well separated from each
other)

1] 0.85 0.20 Rural areas with low buildings, trees, etc.

Y, 0.67 0.25 Urban, industrial or forest areas

Vv 0.47 0.35 Large city centre




2.3 The Alberta Infiltration Model (AIM-2) [2]

The shape of the wind velocity acting on a building depends highly upon the
overall terrain roughness that extends several kilometers upwind of the building.
Once the wind speed at a meteorological station is measured at a height Ha,
usually in open flat terrain, some adjustment is required to estimate the wind
speed at height H4 in the local building terrain. One simple method for accounting
for these differences in measuring heights (H, and Hy) and in terrain roughness is
to use a power law profile U « HP for the mean wind speed with height H above
the ground. Table 2.2 gives values of the exponent p for varying terrain
roughnesses and atmospheric stability classes. Then, if it is assumed that the
wind speed at the surface influenced boundary layer height H = 600 m is the
same above the meteorological (met) station and the building site, the wind speed
at the building at height H, is

Ue = CT Umet
where
Cr = [600/H2]P, [H1/600]P1
Ha = height at which met station wind speed is measured, m,
H1 = height of the building site, m,
P2 = wind speed exponents at the met station,
P1 = wind speed exponent at the building site,
Ue = estimated wind speed at building site at height H,
Unet = wind speed measured at the met station.

Table 2.2 gives values of p for four different levels of terrain roughness, defined
quantitatively by their roughness scaling lengths. (The roughness sealing length
is derived from the log-law velocity variation, and is typically about 3% of the
largest roughness element height). For airport met locations the "mixed woods
and fields" terrain class Il is often a reasonable approximation. Met tower wind
speeds greater than 3 m/s occur in neutral stability and less than 3 m/s are in
stable conditions.



Table 2.2 Wind Speed Power Law Exponent p for Adjusting Meteorological
Tower Wind speeds to Local Building Sites (AIM-2 model)

Terrain  Terrain Umet >3 m/s Umet <3 m/s
Class Roughness neutral stability stable
Class D Class E

I Open Flat Terrain 0.12 0.34

Rural Grassland

Z=1cm
I Suburban Detached Housing 0.16 0.32

Mixed Woods and Fields

Z, = 10 cm
1} Dense Urban Housing 0.27 0.38

with Multi Story Buildings
Heavy Forests

Z, = 100 cm
v High Rise Urban Centers 0.37 0.47
Z, = 300 cm

2.4 ASHRAE Model [3]

The local wind speed, U, is estimated by applying terrain and height corrections
to the wind speed, Umet from a nearby meteorological station. The wind speed,
Umet at airport meteorological stations is measured at height Hz, usually about 10
m, in open flat terrain. Umet is related to the reference wind speed U,.s at the same
height in the local building terrain by

Uref = AOUmat

where, the constant Ay depends on the local terrain roughness. The height
correction to the approach wind velocity profile is made by using the following
relationship:

Ue = Urer (H1/H2)2
or Ue = AO(H1/H2)aUmet
or Ue = Cr Umet



where
Cr = Ag(H1/H2)?
a = the velocity profile exponent,

This model has defined only three general terrain classes: Airport, Suburban and
Urban. The values of terrain roughness factor Ay, velocity profile exponent, &, and
the scaling length Z, are shown in Figure 1.

2.5 _Log Profile Model [4]

It is assumed in this model that at heights 60 m above ground level, the wind
velocity profile does not vary with surface terrain roughness. The wind speed at
heights of 80 m is referred to as mesowind, Uso.

The mesowind can be determined from station measured wind speed Umet,
observed at a height Hz, by way of applying the logarithmic wind profile between
H> and 60 m as follows:

UBO = Umeg |n (SO/Zme() [In (I-IQ/Zme[)]"I (25.1)

where
Zmet = surface roughness length (Zp) for the met station,

Now assuming that mesowind is same at the met station and at the building site,
equations (2.5.1) can be applied to estimate the wind speed at the building site,
U, as follows:

Uso = Ue In (60/Zsite) [IN (H1/Zsite)]! (2.5.2)
Ue = Ueo In (H1/Zsite) [IN (60/Zsite)]! (2.5.3)
or Ue = IN(60/Zmet) IN(H1/Zsite) [IN(H2/Zmet)] [IN(60/Zsite) ]! Umet
or Ue = Cr Umet
- where
Cr = In(60/Zmet) IN(H1/Zsite) [IN(Hz2/Zmer)]™* [IN(60/Zsite)]
Zsite = surface roughness length (Zo) for the building site
and Hj; = height of the building site at which the wind speed is estimated.
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The description of terrain classes and the corresponding roughness lengths (Zo)
are listed in Table 2.3.

TABLE 2.3 Davenport Roughness Classification (Log Profile model)

Class Terrain Description Zo (M)
1 Open sea, fetch at least 5 km 0.0002
2 Mud flats, snow; no vegetation, no obstacles 0.005
3 Open flat terrain; grass, few isolated obstacles 0.03
4 Low crops; occasional large obstacles, x/H>20 0.10
5 High crops; scattered obstacles, 15<x/H<20 0.25
6 Parkland, bushes; numerous obstacles, x/H~10 0.5
7 Regular large obstacle coverage (suburb, forest) 1.0
8 City centre with high- and low-rise buildings ?

Note: Here x is a typical upwind obstacle distance and H the height of the corresponding major
obstacles. Class 8 is anaiytically intractable and can better be modelled in a wind-tunnel.



3.0 PROCEDURE

3.1 The Approach

The approach taken was to first make a preliminary estimate of the terrain
coefficients of the two sites whose wind speed data were to be compared. Then
these preliminary terrain coefficients were used in the model to predict the wind
speed of site 1 (experimental site) from the wind speed of site 2 (met station). This
predicted wind speed of site 1 was compared with the actual measured wind
speed of site 1 in order to assess the validity of the terrain coefficients used. A re-
evaluation of the terrain class was carried out and the terrain class descriptors
were modified. The re-evaluation of terrain class was based on a close re-
examination of the terrain belonging to the two sites whose wind data was to be
compared. A second set of runs, called the second iteration was then carried out
~and the results were studied to more correctly predict the terrain class
descriptors.

3.2 Wind Speed Data

The Alberta Home Heating Research Facility (AHHRF) was selected as the
experimental site for which the wind speed predictions were to be made from the
wind speed data of the neighboring wind measurement sites. The wind speed
data from the following five neighboring wind measurement sites was used in the
analysis:

1) Edmonton International Airport
2) Edmonton Municipal Airport
3) Namao Airport

4) Ellerslie Climate Station

5) Stony Plain Climate Station.

All the wind measuring sites including the AHHRF site are located in rural terrain.
The first three stations listed above report 2 minute averages around the hour
while the last two report wind run. The wind speed data from all the five stations
was compared with the hour average data measured at the Alberta Home Heating
Research Facility (AHHRF).
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The wind speed data at the Alberta Home Heating Research Facility (AHHRF) was
gathered by Dr. Wilson of the University of Alberta. Dr. Wilson employed
extremely strict quality control measures to minimize the human and experimental
errors. He used two pairs of anemometers; one pair was used to record the wind
speed while the other pair was being calibrated in the wind tunnel. The two pairs
were periodically switched with each other so that the calibration of the
anemometers could be checked on a regular basis. It is believed that the wind
data recorded at the AHHRF site was more accurate than that from any of the
nearby meteorological stations. Wilson's low wind speed data is especially more
accurate than the data from other meteorological stations. The wind speed data
at met stations is manually estimated from continuous analog recordings (for
example a strip chart). After talking to a number of officials who perform these
estimates, it was realized that the officials at the wind measuring stations tend to
over estimate the low wind speeds. Also the wind speed is recorded in steps of
one km/hr, that is in whole numbers only. Therefore, the instrumentation error
involved in the wind speecd measurements made at met stations, is much higher at
lower wind speeds. Dr. Wilson's wind speed data, on the other hand, is recorded
nearest to one decimal place and therefore more accurate than that from met
stations.

i



3.3 Estimating the Terrain Class

Since the wind speed at a site is definitely affected by the upwind obstruction, the
terrain classes and terrain descriptors were assigned in 22.5 degree direction
bins. Each site, therefore, had 16 terrain classes associated with it. The terrain
class for each of the 16 direction bins varies with respect to the magnitude of the
obstruction in that direction bin. The upwind terrain classes were assigned based
on the visits to the sites. Aerial photographs were used to establish the distances
between the measurement point and the upwind obstruction. As discussed in
chapter 2, each wind correction model has its own way of describing the terrain
class. Some models have very coarse description while others have relatively fine
terrain class description. For example, the ASHRAE model uses a very coarse
three class terrain description while the Log Profile model uses a relatively fine
description of eight terrain classes. Since the terrain class description of each
model is different, there is a different terrain class descriptor for each model for
the same site and for the same direction bin. Table 3.1 lists the terrain descriptors
used by the four models in comparing the wind speed data from the five wind
measuring stations with that from the Alberta Home Heating Research Facility
(AHHRF). Each number represents an approximate class description of the
terrain in 22.5 degree bins for several hundred meters upwind of the measuring
tower. Directions are taken clockwise from north with the first number in each row
indicating terrain class for the bin range 0 - 22.5 degrees.

The terrain descriptors in Table 3.1 are based on the preliminary estimates of
terrain surrounding each site. These terrain descriptors were used in the analysis
to perform the first iteration. After making the first iteration runs, the terrain
descriptors were re-evaluated by examining the detailed information on the terrain
belonging to the two sites being compared and by studying the results of the first
iteration. A second set of runs called the second iteration, were then carried out
with the new terrain descriptors. Table 3.2 lists the terrain descriptors for the
_ second iteration runs. Once the terrain descriptor for a particular location and
direction was estimated, the terrain coefficient was calculated with the help of
terrain class parameters table provided with each model as explained in chapter
2
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Table 3.1 - This table lists the terrain descriptors used in the analysis of wind
speed transfer between stations. Each number represents an approximate
description of the terrain in a 22.5 degree bin for several hundred meters upwind
of the met tower. Directions are taken clockwise from North with first number in
each row indicating 0-22.5 degrees.

Edmonton International Airport

ASHRAE 1 13119114191 3131%9 1
LBL 22238322322222222
AIM-2 111221121111 1111
Log 3 3344334333333 233
Edmonton Municipal
ASHRAE 111 1111111111111
LBL 3333333344433333
AIM-2 2 222222233222222
Log 4 4 4 4 4 44 450505 44444
Namao
ASHRAE 1 1111111111111 11
LBL 2222222222222 222
AIM-2 113733 17317380 %7 1
Log 3 333333333333333
Ellerslie
ASHRAE 2293111313919 499 1312
LBL 4 3 3333333333333 4
AIM-2 3222222222222 223
Log 54 43 3444333343235
Stony Plain
ASHRAE o s O T I L O W O I O O A O
LBL 2L 22222222122
AIM-2 11t 11903 1T1tT9108¢1% 141
Log 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44
AHHRF
ASHRAE 221111t 11T11 12222
LBL 4 4 4 43 333333332444
AIM-2 3332222222223333
LOG 4 4 43 333333334444
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Table 3.2 - Directional terrain modifiers used in iteration 2 of the transfer of wind

data between stations.

Edmonton International

ASHRAE
LBL
AIM-2
LOG

Edmonton Municipal

Namao Airport

ASHRAE
LBL
AIM-2
LOG

AHHRF



It is important to note that this second assessment of the terrain descriptors was
not an iterative process in which numbers were juggled to make answers fit. It
was a realistic attempt to assign terrain classes as an experienced terrain class
assessor would do it. It was necessary because Mr. Ackerman, in spite of his
epxerience with wind data measurement and analysis, was not an experienced
terrain class assessor at the start of the project. The first iteration gave him the
experience to assign terrain classes more exactly.

3.4 Wind Data Comparison Algorithm

The following algorithm was used during the analysis of comparing the wind
speed data of the two neighboring wind measuring stations:

1) Estimated the terrain class of the two measuring stations whose wind
speed data were to be compared. The terrain class was estimated based
on the upwind direction for each hour.

2) The above estimates of terrain class were used to calculate the terrain
coefficients for each model and location.

3) Estimated the wind speed (Ue) of site 1 from the wind speed (Uz) of site 2
(met) by using the following relationship:

Ue - CT U2

4) Calculated the percentage error in estimating the wind speed of site 1 as
following:

e = (Us - Uy) x 100/U;

where
Uy = measured wind speed of site 1.

5) Averaged this error for the following data sets:

a) all the data in each velocity bin and in the whole year (velocity bins
were 0-1, 1-2, 2-3, 3-4, ...... 9-10 m/s),

15



7)

9)

10)

11)

b) all the daytime data in each velocity bin and in the whole year,

c) all the nighttime data in each velocity bin and in the whole year,

d) calculated the standard deviation of each set and its 10th and 90th
percentile.

Repeated steps 2 and 3 for wind speed data sorted into four directional
quadrant bins based on the direction of wind at site 2. In those cases when
the wind direction data of site 2 was missing, the wind direction data of site
1 was used.

Calculate the monthly average values of Us, Ue and the ratio r¢ for each
month, k:
'k = Ue/U1

Repeated this for the daytime, nighttime and day+night time data sets
separately.

Repeated steps 1 to 7 for the direct comparison method and for each of
the four models: LBL, AIM-2, ASHRAE and Log Profile model.

Repeated steps 1 to 8 for each of the five pairs of wind speed data.

Re-evaluated the terrain class and terrain coefficients for each model and
location in order to perform the second iteration.

Repeated steps 1 to 9 by using the second iteration terrain coefficients as
evaluated above in step 10. The runs made during this step are referred to
as the second iteration runs.

16



4.0 RESULTS AND DISCUSSION

The Alberta Home Heating Research Facility (AHHRF) whose wind speed was
predicted from nearby meteorological stations, was classified as being located in
rural terrain. The nearby wind measuring stations used for the wind comparison
also belonged to rural terrain. Therefore, any conclusions that can be drawn from
the present study can be applied only to situations where the wind speed of a
rural site is to be predicted form the wind speed of a nearby meteorological
station. A separate study will need to be carried out in order to develop a method
for predicting the wind speed of a site located in an urban terrain.

in the present analysis, the height of the wind measuring instrument at each of the
six stations was the same (10 meters). Therefore, the effect of the height of wind
measuring instrument on the terrain coefficient could not be modelled in the
analysis.

The computer runs during the first iteration, using the terrain descriptors listed in
Table 3.1, were carried out and the output data was plotted as shown in Appendix
A. The plots show the percent error in predicting the wind velocity of site 1
(AHHRF) from that of site 2 (met station), and the monthly ratio of the measured
wind velocity to the predicted wind velocity of site 1 (AHHRF). As mentioned
earlier, five different measuring stations were used for the wind data at site 2. The
plots for each station were grouped into four 90 degree direction quadrant bins.
The comparison of 24 hour (day + night) data in each quadrant bin was performed
by using the direct comparison method and by using the four wind correction
models: LBL, AIM-2, ASHRAE, and the Log Profile model. The percent error was
plotted for the direct comparison method and for the four wind correction models,
while the monthly ratio was plotted for only two models: LBL and AIM-2. The
percent error and the monthly ratio are expressed as following:

% error = (Upredicted- Umeasured) X 100/ Umeasured
Ratio = Umaasured/ Upredicted

The analysis of wind data (1984) comparison between the Alberta Home Heating
Research Facility (AHHRF) and Edmonton International Airport is shown in
Figures A1 to A35. Figures A1 to A7 belong to the analysis of data sorted into the
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first quadrant (0-90 degrees) bin. These figures show the percent error of
day+night predictions for the direct method, LBL, AIM-2, ASHRAE and the Log
Profile models in Figure A1 to A5 respectively. Figures A6 and A7 show the
monthly ratios for the day, night and day +night separately. Similarly, Figures A8
to A14 show these plots for the second quadrant direction bin (90-180 degrees)
and so on for the remaining quadrants. Figures A29 to A35 show similar plots for
a single bin (0-360 degrees) containing all the data from the four quadrants.
Similarly, the comparison of AHHRF wind data with that of Edmonton Municipal
Airport is shown in Figures A36 to A70, with Namao Airport in Figures A71 to
A105, with Ellerslie Climate Station in Figures A106 to A140 and with Stony Plain
Climate Station in Figures A141 to A175. The error in these graphs is plotted as
the average percent error in each velocity bin.

An inspection of the computer program output data sorted into day, night and
day +night revealed that there was no significant difference in the results of
separate day and night analysis. Therefore, it was decided that only the
day+ night data be plotted for the percent error graphs. However, the results of
the measured to predicted wind speed ratio were analyzed on a separate day,
night and day + night basis.

It can be observed from all the percent error graphs that in predicting the wind
velocity of AHHREF site (first iteration), the average errors resulting from the direct
comparison were most often smaller than the errors produced by LBL, AIM-2 and
ASHRAE models. However, the standard deviation of the error from the direct
comparison method was found to be larger than that from the other models.

It was noted from all the error graphs that the error in predicting the wind speed
was generally higher for the lower velocity bins. There are two possible reasons
for this occurrence. The first reason could be that the wind correction models are
not as sensitive to the lower wind velocities as they are to the higher wind
velocities. The second probable reason is the involvement of human error and
instrumentation error in estimating the lower wind speeds from inspecting the strip
chart recordings at the meteorological stations. The standard deviation of the
error in lower wind velocity bins is generally higher, possibly due to the same two
reasons mentioned above, and also discussed in Section 3.2.
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The error plots from the first iteration indicate that the error bias is in the same
general direction for the most cases. For the velocity bins greater than 3 m/s, the
bias is mostly in the negative direction. In other words the predicted wind velocity
of the experimental site (AHHRF) is lower than the measured wind velocity at the
experimental site. This implies that the terrain coefficient is most often
underestimated. This also suggests that the terrain class descriptors were
incorrectly estimated in the same direction. Since the bias is in the same direction,
the terrain descriptors can be easily re-evaluated to minimize the error involved in
predicting the wind speeds. In fact, this approach was tried and the terrain class
descriptors were modified by closely examining the site terrain and by studying
the error plots from the first iteration runs. The results of the second iteration will
be discussed later in this section.

When comparing the percent error associated with each of the four models, it was
found that the Log Profile model predicted the wind velocity of the experimental
site most closely to the measured wind velocity than any of the other models (for
example, see Figures A30, A31, A32 & A33 for the Edmonton International
Airport). This observation, however does not imply that the Log Profile model is
superior to the other models. The main reason that the Log Profile model
predicted the wind speed of the experimental site with the lowest error is that the
terrain class for this model is more finely defined than that of the other models
studied. For similar reasons the ASHRAE model showed the highest errors
because it uses the most coarse graduation between terrain classes.

As mentioned earlier, the wind data recorded at Edmonton International Airport,
Namao Airport and Edmonton Municipal Airport was based on two minute
averages around the hour whereas, the wind data recorded at Ellerslie Climate
Station and Stony Plain Climate station was based on the wind run. The error
plots of the wind predictions obtained by using the wind data from the two
methods (see Figures A29 and A134 for example) indicate that the use of data
from stations which report wind run can reduce the amount of scatter when
transferring wind data to similar terrains. When the terrain classification of the two
stations being compared is different, data bias is likely to be introduced. The
magnitude of the bias may depend on the difference in the terrain classes of the
two sites.
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It should be noted that wind speeds less than 2 m/s were not included in the
analysis when calculating the monthly ratios of the measured to predicted wind
speeds. The reason for doing so was the unreliability of the wind data under 2
m\s. recorded at the met stations. Also, monthly ratios were only calculated for
the LBL and AIM-2 models. The analysis of the monthly ratios was carried out
separately for the day, night and day + night. Figures A6 and A7 show the monthly
ratio profiles for 0-90 degree direction quadrant bin for the Edmonton International
Airport using the LBL and AIM-2 models respectively. It can be seen from the ratio
plots (for example Figures A34 & A35) of all the sites that the LBL and AIM-2 ratios
have the same general shape over the entire year with AIM-2 slightly lower,
possibly due to the different power law for the wind speeds below and above 3
m/s. Since the predicted wind speed was generally less than the measured wind
speed, the ratio of the measured to predicted wind speed plotted was generally
greater than one. This trend can be seen quite consistently in all the monthly ratio
plots from the first iteration.

The terrain surrounding all the sites was re-examined and the effect of trees was
re-assessed. The terrain class descriptors were re-evaluated. The re-evaluation
of terrain descriptors for the second iteration was not based on the juggling of
numbers but was based on a logical review of terrain classes for the site. Mark
Ackerman, a research engineer with the University of Alberta, who did not have
any past experience in the classification of terrain made all terrain class
assessments himself. He had a better understanding of classifying the terrain for
each model and site during the second iteration. Computer runs during the
second iteration were carried out by using a set of revised terrain class
descriptors. The output data from these runs was plotted as in the first iteration
for the percent error and monthly ratios. The plots for the second iteration runs
are shown in Figures B1 to B21 in Appendix B. The terrain class descriptors as
during the first iteration were assigned in 16 direction bins 22.5 degrees apart.
Since the results of the first iteration were not affected by the directional
guadrants, the analysis for the second iteration was based only on the single
direction bin O - 360 degrees.

The results form the second iteration were encouraging. The percent error in
predicting the wind speed of the experimental site was reduced for LBL, AIM-2
and Log Profile models, as can be seen by comparing Figures A30, A31, A33 with
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Figures B2, B3 and B5 respectively. The ASHRAE model results did not change
much because of the coarse terrain classification which could not be adjusted in
smaller steps. The monthly ratios for the three pairs of site data also showed
great improvement. The monthly ratios for all the cases appeared to have moved
closer to the best possible value of one, as evident from Figures B6, B7, B13,
B14, B20 and B21.

It appears from the results of this study that simple methods are available for
accurately predicting the wind speed at a building site in a rural terrain from the
wind speed data of a nearby meteorological station. However, this conclusion
cannot yet be made concerning the prediction of wind speed of an urban site
from a nearby rural meteorological station. It is recommended that further study
should be carried out including both urban and rural sites in order to ensure that
the present results are not site specific and to develop a method that could be
used to predict the wind speed at any site from a nearby meteorological station.

It is probable that a simple standard method can be developed to estimate the
terrain class descriptors more accurately and quickly. The approach will be to
take photographs of the site surroundings to estimate the height of the
obstructions in each direction. Then estimate the distance of that obstruction
from the measuring tower and calculate the distance to height ratio (X/H) for the
obstruction. This ratio could then be used to determine the terrain class
descriptors for each direction bin separately. A first element of the second study
should be to develop such an objective method of defining terrain classes (or of
defining a continuously variable terrain descriptor). This method should be
tested first on the data from the present project, then applied in the extended
study.

An important observation, which Dr. Wilson and Mark Ackerman made from the
field measurements, was that the terrain effect doesn't travel down wind too far
(=500m). This observation should be reconfirmed in the second study and
should also be considered in determining the terrain descriptors. Once the terrain
descriptors have been determined, each of the models should be used to
estimate the wind speed at each of the test sites from the wind speed of nearby
meteorological stations, to select and further develop the best model.
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5.0 CONCLUSIONS AND RECOMMENDATIONS

The present study was carried out in order to test the available methods for
predicting the wind speed of an experimental site from the wind speed data
measured at nearby meteorological stations. The height of the wind measuring
device at each of the wind measuring stations, including the Alberta Home
Heating Research Facility (AHHRF) was the same (10 meters). The five nearby
meteorological stations were: Edmonton International, Edmonton Municipal
Airport, Namao Airport, Ellerslie Climate Station and Stony Plain Climate Station. A
direct comparison between the wind speeds of AHHRF and those from the five
nearby meteorological stations was performed first. Then the wind speed of
AHHRF was predicted from the nearby meteorological station with the help of the
four wind correction models: LBL, AIM-2, ASHRAE and the Log Profile model. The
wind comparison using these models was carried out in two iterations. The first
iteration runs used the terrain descriptors that were based on a preliminary
assessment of the site terrains. The percent error between the predicted and the
measured wind speed of the experimental site was significant for all the models.
The terrain descriptors were modified and the second iteration runs were carried
out. The percent error was significantly reduced.

The other conclusions that were drawn from this study are as follows:

1)  All of the terrain models adequately predicted the wind speed at a rural
site from wind data measured at a nearby meteorological station. The
log profile model predicted wind speeds with the lowest percentage
error, but it is likely that this was due to the model's larger number of
terrain classes, not to the fundamental nature of the model.

2) This project is a study of a single case. The results are encouraging, but
cannot be generalised. It is necessary to extend the study to other rural
sites as well as to urban sites. It is likely that there are several other sets
of sites for which existing data is available, so that the same approach
used in the present study could be repeated.

3) The difference in the data binned into day, night and day+night was
insignificant. If this observation is confirmed by further study, it means
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that the final wind model developed can avoid the complication of
dealing with the thermal environment.

4) The standard deviation of the velocity bins lower than 3 m/s was found
to be higher than those from other velocity bins.

Based on the conclusions of this study it is recommended that a further project be
carried out to generalise the results of this study to other sites and other terrains.
The first step should be to develop an objective method of defining terrain classes
or a continuously variable terrain descriptor. This method should be developed
using the existing data set from the present project. Then a thorough search
should be made for all the available data sets from other sites. This data should
be used to assess the power law and log law models using the same terrain class
decriptor system in each case.
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STOHY Pmm @Lmn'r s*.m'rmn » 1994
- DIRECTION RANGE 2%8.0 TO 360 % nzqgnxs Off NORTH 1HR OFFSET
i TOTAL READ 8783 TOTAL UBED IMj ANALYSIS %}94 ) &
MONTHLY RATIO USING AIMFMODEL
" = )
i + m
+
[ © pay |
4 + NIGHT 4
DAY+NIGHT
= | 1 1 I 1 1 1 1 1
1.8 2.8 3.8 4.9 5.8 6.8 7.8 8.8 9.8 18.8 11.8 12.8

MONTH

Figure A168
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TOTAL READ 8783 TOTAL USED IN ANALYSIS 7959
DIBECT COMPARISON, NO TRANSFORMATION B
QHY+HHGHT

I | | | 1 | = 1 |

.8 1.8 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.8 19.8 11.8 12.8

WIND SPEED (W/8)

Figure A169
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W STONY PLAIN CLIMAT STATION — 1984 7
L T 3
¢ T
B ¢ v
B 8 -1368 % } _
TOTAL READ B783 TOTAL USED IN ANALYSIS 7959
e LBL MODEL -
DAY+NIGHT
1 | 1 1 3 1 1 1 1 1
g.8 1.8 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.8 16.8 11.8 12,

WIND SPEED (WVS)

Figure A170
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TOTAL BEAD-B8783 -TOTALLUSEDLIN ANALYSTS 7959

- AIM MODEL .

QRY+HHGHT

8.8 1.8 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.9 108.8 11.8 12.8
WIND SPEED (4/S)

1 1 1 1 1 L

Figure A171
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TOTAL READ 8783 TOTAL USED IN ANALYSIS 7959
i ASHBAE MODEL v
QGY+HaGHT

6.8 1.8 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.8 18.8 11.8 12.8
WIND SPEED (W/S)

1 1 = 1 1 1 i 1

Figure A172
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TOTAL READ 8783 TOTAL USED IN ANALYSIS 7959

LOG PROFILE MODEL
l’:ﬁY-t-NIIGHT

1 1 1

1 1 l 1

8.0

1.8 2.8 3.8 48 5.8 6.8 7.8 8.8 9.8 18.8 11.8 12.8

WIND SPEED (M/S)

Figure A173
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TOTAIL READ §783 TETAL ll.EEB IN AMNALYS
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IS 7959
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: 1
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+ NIGHT o
? DAY+NIGHT
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3.8 48 5.8 6.8 7.8 8.8
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Figure A174
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STONY PLAIN CLIMAT STATION — 1984
E ﬂRECTIOH RANGE 8.8 TO 368.8 DEGREES CU FROM NORTH 1iHRBR OFFSET
TOTAL READ gas TETAL USED IN ANALYSIS 7959 i
" MONTHLY RATI® USING AIM3MODEL, o &
- + o 5 3 i
I g ¥ § 3
! _— .
1 + NIGHT ’
O paAY+NIGHT
1 1 1 1 1 1 1 1 1 1
1.8 2.8 3.9 4.8 5.8 6.0 7.0 8.8 9.8 18.8 11.8 12.8
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Figure A175
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- = EDMONTON INTERNATIONAL — 1984 7
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9 8.0 - 368.0 - A
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7478
- DIRECT COMPARISON, NO TRANSFORMATION =
DAY+NIGHT '
1 1 1 1 1 1 1 1 |
8.8 1.8 2.8 3.8 4. 5.8 6.8 7.8 8.8 9.9 186.8 11.8 12.
WIND SPEED (M/S)
" Figure B1
I 1 ] ] 1 1 1 ] | G I
- - EDMONTON INTERNATIONAL - 1984 ¥l
W <> I I l J-

- - A - -
It 8.8 - 368.0 -
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7478
3 LBL MODEL _

DAY+NIGHT
o 1 1 1 | 1 1 1 1 1 1
9.8 1.8 2.8 3.2 4.8 5.8 6.0 7.8 8.8 9.8 18.6 11.8 1i2.

WIND SPEED (MN/S) .

Figure B2
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—l
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6.8 - 368.8 ;
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7478
AIM MODEL
EHY+H£GHT

1 1 I 1 | 1 | 1

6.4 1.6 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.8 10.8 11.8 12.

WIND SPEED (W/S)

Figure B3
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i | .
¢ & f
3 9.8 - 368.8 _
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7478
" ASHRAE MODEL _
DAY+NIGHT
1 1 1 1 1 1 1 [ 1 1 e
8.8 1.8 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.8 18.9 11.8 12.

WIND SPEED (M/S)

Figure B4
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8.8 — 368.8 :
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7478
LOG PROFILE MODEL N
QﬁY+H£GﬂT

L i 1 1 1 1 1 | 1 |

8.6 1.8 2.8 3.8 4.8 5.8 6.6 7.8 8.8 9.8 18.98 11.0 12,

WIND SPEED (WV$S)

Figure B5
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EDMONTON INTERNATIONAL — 1984
- DIRECTION BANGE 8.8 TO 368.8 DEGREES CH FROM NOBTH -
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7478
"~ MONTHLY RBATIO USING LBL MODEL T
g 8 m B @ &
@ 2] é @ i ]
I o DAy |
8 + NIGHT i
O pAY-+NIGHT
1 1 1 4 1 1 1 1 1 1
1. 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.9 18.8 11.8 12.

MONTH

Figure B6
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EDMONTON INTERNATIONAL — 1984
- DIRECTION RANGE 8.8 TO 368.8 DEGREES CW FROM NORTH
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7478
~ MONTHLY RATIO USING AIM MODEL 5
- m -
4] @ -
i 0 5 & g i
1 © DAY ]
? + NIGHT 4
1 1 | 1 1 ? DRY‘FIHIGHTI 1

1.6 2. 3.8 4.8 5.8 6.8 7.8 8.8 9.0 18.80 11.8 12.
MONTH

Figure B7
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TOTAL READ 8783 TOTAL USED IN ANALYSIS 7316
- DIRECT COMPARISON, NO TRANSFORMATION 4
DAY+NIGHT
1 1 A 1 1 1 1 1 1 | T, WIRGSR
8.8 1.8 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.8 18.8 11.8 12.8
WIND SPEED (M/S)
Figure B8
I I I I ] 1 i 1 i |
T EDMONTON MUNICIPAL - 1984 i
8 & ) f
- <> -
¢
B 6.8 - 368.8
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7316 1
- LBL MODEL 4
1 IEAY"‘" IIGHT 1 1 1 1 1 1 1 1
8.8 1.6 2.8 3.8 4.8 5.8 6.8 7.0 8.8 9.8 18.8 11.8 12.9

WIND SPEED (M/S)

Figure B9
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i EDMONTON MUNICIPAL - 1984 S

L 8.8 - 368.0

TOTAL READ 8783 TOTAL USED IN ANALYSIS 7316

- AIM MODEL 4
QAY+H{GHT

.8 1.8 2.8 3.6 4.8 5.8 5.8 7.8 9.0 9.7 18.0 11.0 12,
WIND SPEED (W/S)

1 1 | 1 1 1 I !

Figure B10
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Fat

b

t i1

8 8.6 - 360.0
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7316
= ASHRAE MODEL 1
QHY+NHGHT

1

6.6 1.8 2.4 3.8 4. 5.8 6.8 7.8 8.8 9.8 i8.8 11.8 12.
WIND SPEED (M/S)

1 ! 1 = = 1 =} |

Figure B11
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-68 L 8.8 - 360.0 3
TOTAL READ 8783 TOTAL USED IN ANALYSIS- 7316

-86 | LOG PROFILE MODEL 4
DAY+NIGHT

—-1068 1 1 1 ! 1 1 1 1 I I L

8.8 1.8 2.8 3.8 4.8 5.8 6.8 7.8 8.8 9.8 18.8 11.8 12.8
WIND SPEED (WV8)

Figure B12
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EDMONTON MUNICIPAL - 1984

1.8 - DIRECTION BANGE 8.8 TO 368.8 DEGREES CW FROM NORTH
&b TOTAL READ 8783 TOTAL USED IN ANALYSIS 7316
. "~ MONTHLY RATIO USING LBL MODEL i
1.4 L d
120 | i
R ]
'? %.’88 E}_G'—g B B & & g
pe.e8 | B g B g
0p.60 L i
8.48 | ]
o pay
8.20 | + NIGHT i
O pAY+NIGHT
.80 1 1 1 1 1 1 ] 1 1 1

1.6 2.8 3.4 4.8 5.8 6.6 7.0 8.8 9.0 1.8 11.8 12.8
MONTH

Figure B13
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- DIRECTION RANGE ©.8 TO 368.8 DEGREES CW FROM NORTH -
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7316 '
"~ MONTHLY RATIO USING AIM MODEL
L |
Q - o} & th
&7 L) é m E E U
i © DAY |
s + NIGHT A
B pay+NIGHT
1 [ 1 1 1 1 1 1 1 1
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‘Figure B14
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TOTAL READ 8783 TOTAL USED IN ANALYSIS 7694
DIRECT COMPARISON, NO TRANSFORMATION |
DAY+NI GHT
1 1 | L 1 1 | 1 S - 1
9.8 1.8 2.8 3.8 4.8 5.8 6.6 7.8 8.8 9.9 18.€ 11.8 12.9
WIND SPEED (M/S)
-Figure B15
I ] I [ ] ] 1] T 1 | 1
NAMAO AIRPORT -- 1984
¢ |
oy l
b
ﬁ | T 1.1 1 e
SEI I D O R
8.0 — 368.8 |
TOTAL READ 8783 TOTAL USED IN ANALYSIS 7694 i
s LBL MODEL y
DAY+NI GHT i
1 1 1 L | 1 1 1 |
2.0 1.8 2.8 3.9 4.8 5.8 6.8 7.8 8.8 9.0 10.9 11.8 2.0

WIND SPEED (M/S)

Figure B16
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TOTAL READ 8783 TOTAL USED IN ANALYSIS 7694
AIM MODEL .
HQY+NHGHT

| | 1 1 | ] | | 1

a.86 1.8 2.8 3.6 4.8 5.8 6.8 7.8 8.8 9.0 19.6 11.9 12.

WIND SPEED (M/S)

Figure B17
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TOTAL READ 8783 TOTAL USED IN ANALYSIS 7694
r ASHRAE MODEL 1
DAY+NIGHT
1 1 1 1 1 1 1 1 i 1
6.8 1.8 2.8 3.9 4.8 5.8 6.8 7.8 8.8 9.8 18.8 11.8 12.

WIND SPEED (H/S)

Figure B18
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TOTAL READ 8783 TOTAL USED IN ANALYSIS 7694
-88 | LOG PROFILE MODEL i
DAY+NIGHT
—-1A8 1 1 1 1 1 1 | ! 1 L
.8 1.8 2.8 3.8 4.9 5.8 6.8 7.8 8.8 9.9 16.8 11.8 12.8
WIND SPEED (M/S)
Figure B19
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NAMAO AIRPORT — 1984
1.88 | DIRECTION RANGE ©.8 TO 368.8 DEGREES CW FROM NCRTH -
1.8 |  TOTAL READ 8783 TOTAL USED IN ANALYSIS 7634
. MONTHLY RATIO USING LBL MODEL “
1.48 | .
1.28 J
1.88 . e
] $ + 42|
sep B O 8 0 f
aa 68 ™~ -
8.48 |- J
© DAY
9.20 | + NIGHT
O paY+NIGHT
3.00 | 1 1 1 1 i 1 1 ] 1

1.6 2.2 3.8 4.8 5.8 6.8 7.8 8.8 9.8 16.A 11.8 12.8
MONTH

Figure B2C
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NAMAO AIRPORT - 1984
- DIRECTION RANGE 8.8 TO 360.8 DEGREES CW FROM NORTH
TOTAL READ 8783 TOTAL USED IM ANALYSIS 7694
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Figure B21




