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ABSTRACT 

Wind speed is an important parameter in modeling odor 
transmission from an agricultural source. It is common to 
measure wind speed at a single height above the ground, for 
instance JO m. Since wind speed increases more rapidly with 
height, it is always necessary to interpolate this measurement 
to the height where the odor is sampled. This project investi
gated the variation of wind speed with height (0 m to JO m) 
using data from weather stations and a precise airspeed probe. 
Five mathematical models were evaluated by means of statis
tical indices. The logarithmic model did not adequately 
describe the variation of wind speed at a height ofO m to JO 
m above the ground. The power law model was found more 
applicable with the exponent in the range of 0.3 to 0.6. Besides 
the logarithmic and power law models, the three-parameter 
exponential model can favorably fit wind speed vs. height. 
Wind data measured at JO m can then be easily interpolated 
to any height from 0 m to J 0 musing models with the estimated 
parameters in this research. 

INTRODUCTION 

The odor emitted from an agricultural source is carried to 
neighbors by wind. Wind speed changes considerably with 
height. Wind speed is an important parameter in modeling 
odor transmission. Accurate measurement of wind speed is 
necessary. Wind instruments are usually placed at a single 
height above the ground, for instance 10 m. Wind data are 
usually available from a wind instrument or the local weather 
station, but they arc likely different from the site where the 
odor is emitted. It is usually necessary to interpolate this 
measurement to the height where the odor is sampled. 

Great effon has been made to develop suitable analytical 
expressions relating wind speed to height (Wark and Warner 

1976). Two models are most widely used in practice: the loga
rithmic and the power law models. They have been applied in 
studying the transport and dispersion of air pollutants as well 
asofodors(Strom 1976;Touma 1977;Irwin 1979;King 1982; 
Panofsky and Dutton 1984; Stern et al. 1984; Carney and 
Dodd 1989; Juda-Rezler 1989). Determination of values for 
the exponent in the power law model has also been the subject 
of much research (Sutton 1953; Strom 1976; Irwin 1979; 
Touma 1977; Simiu and Scanlan 1978). 

However, most of the effon has been put on using these 
models for heights greater than 100 m. As we know, the wind 
speed increases more rapidly near the surface of the earth, up 
to 8 m (Humphreys 1920). This is the height of concern for 
odor transmission to neighboring residences from agricultural 
sources. No literature was found validating the models by 
using measured data near agricultural sources. Discrepancies 
exist in the literature when choosing the exponent term in the 
power law model (Wark and W amer 1978; Simiu and Scanlan 
1978). 

. The objectives of this research were (1) to examine the 
value of the exponent term in the power law model, (2) to eval
uate these models by using data collected from an experimen
tal field weather station and an airspeed probe, and (3) to 
propose a new model for wind profiles up to I 0 m. 

MATERIALS AND METHOD 

Models 

Model 1: The Logarithmic Law. The logarithmic law is 
expressed as 

] z 
u = i"•lnz- (1) 

0 
where u is the wind speed at height Z above ground, mis; k is 
the von Karman constant equal to 0.4 (approximately); and~ 
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is the ground roughness. Values10f Zci can be found in many 
publicatiomr ·{Simiu and Scanlan 19.78; Liu 1.9~; ANSI 
1982). The.lenn u..is the shear velocity defined as 

u. = ~- - (2) 
p "· . 

•. ;!_ ... , 

w.here ~is :the stress of wind•at ground level and p is'. the_ air 
density. .. . -· _ _ .. · · 

Equation 1 can ,be' expressed as 

us= b 1 + h2lnZ . (3) 

where .. 
- ·-

., . 1: Zo : 
- --u I .b .. 1-·-=•--.. k • n _, . - (4) 

,... :111;r·,: .. . »l 

b = T· r- :.~q Jl",• .. rr t_.. 2 'JJ (5) 

:J 'r '"The relationship between wind speed at 10 iTi and wind 
s~ed at any hdghtftofu 0 m to I 0 m earl be derived as follows. 
From Equation 1, for wind speed u at height Z: · 

·,,,t; 
·} ··~-·~·. u. u = ~In z 
.~ _,, k Z0 

For wind speed at the reference height, 10 m: 

:!J... 

ff 

Then 

or 

~. 

-:• 

"·· . 10 
"10 =-lit'-' 

... ,,.;·::.•,. k ZQ,!, .· 

··i_ l., TL, . :l f • i ,·::1 :J.·,1 i~f;C ·_,i· 

u. z z 
-In- · lrf: 

u k Z0 lnZ- lnZ0 IO 
- = -- = lnlO-lnZ

0 
= •).+-! 10 

UIO u. 10 
-In- · 
k Zo 

n-
. ~ .:. Zo 

( 
zv~ 

u = u10 l +blniO) 

(6) 

(7) 

(8) 

(9) 

where ;"~ ·;;;Hiu ::~~,, ~, 

•. l;..., : :~:. 1 ' ... 1 ;:,, 
b = In 10- lnZ0 :,,f~ ),, •' : 

" -
-.. (10) 

, It is se~n that UHf, i ;;:1 ~ ~5.~ ~\ •• . ( ,, · ~.;. -. 

>J h1 = "10. ... 

h2 = U1c)h;•. ..l'.;11 '•ff,!1,', 

,D"J:"k\'(1 ~··.:.!_". (1;1) 

The lqgarithmic;Jaw comes from the.-1urbulent boundary 
layer theory that has been .. developed.l>ased on·numerous labo
ratory experi,rnents; It has been regarded by some meteorolo
gists as a superipr representation ot strong wind·:pr<:>files .. in-tbe 
lower, aun<:>sphere?(Tennekes l973; Pa,squiU· iJ.972; 'Owen 
1974). However,Jthas tbe inc;;onyenience that the adjustment 
is needed of,,tw9,parame~ers;1,u. and Zo· which cannot be 
ci~eci.ly· measured (Henig• l 995}. ii aiso:_,produces an •unreai 
negative speed at,<J~eights Z< Zo· F()r these. reasons, in .engi
neering applications; .and in 'build~ng :codes/standards;;Jhe 
power law,is,used-most often (Liu 1991). Thei:power Jaw is 
also f~yored ~,p,g atmospheric ehysicists (~r::tig 19~5). 

Modet.12~,,Tb,, Power.;La,v,~. Th~1powe1' law has.·:the 
following fm:nl: ': ::n>. ,.. ' '" . u ;c1~1., v '•iT. :f~ 

• ~ I •}f-~ :- -~ ·, 

TV·Q ·;-j-: b ., ~ - . lf"T'i I .. ) . . ·-k ;.; . .,, z 2 - . ·'. ·~! . ---· . '(12) 
if~- : r1i J.. \f.1 i<F' .5;i i '" 

H ... Glt"- t" :"..:•)""1.. H ... 

where u is·the wind speed at any reference height Zand b1 and 
b2 are fitting coefficients. The term b2 is the power-law expo-

•2 

nent, which depends on surface roughness and atmospheric 
stability. 

The relationship between wind speed at I 0 m and wind 
speed at any height from 0 m to IQ mis shown in Equation 13 . 

. . . b 

u = ~ 10(~) 
2 

(13) 

where u10 is the wind speed at 10 m above ground. 

Table I shows results of prhious research for the expo
. nent term in 'the'p6\\>:er law model. The data in Table I sttow: 
(1) large discrepancies exi~t (b2·vanes frorh'O.Oto I .d)', (Z) olle 
fixed valu~l(In) for b2 is likely tO rC:sult in'larger errors, and 

' (3) a: wide rnnge for b2 (0.0 to 1.0) fuay generate ri difficulty 
ovei cfioosing ·a suitable value for use iii' evaluating odor 

i dispersiori \' from-'.:.' agricultural . "sources: c Therefore, more 
· research is ne·cessary before applying any of the :values of b2 
to the odor dispersion problems near the ground: ·.: 

~ . 1: 

:r ·u ; ,,. ; 1J°ABLE 1 
Exponent For Power Law Wind Speed Profile 

b2 . .- Reference , .. 
In - Sutton 1953 

0.05- 0.6 Irwin 1979 •, .. · . 

0.0- 1.0 Wark and Warner 1976 

In-0.40 Simiu and Scanlan 1978 

l/10,- 1/3 . A~;SI 19,82 ,: \ ; 

0.07 - 0.55 Turner 1994 1; 

0.080 --0.624 Touma 1977 

O.l - 0.8 ~ r. I I :.l'._,; Strom 1976 
~ • ·i..:...1 !J • 

Model 3: The Power Law 2. Equation l 4•is another form 
of the power law. There are three parameters in the model that 
could be adjusted ~uring regression. 

. ~ . 14 u = .~.1 Z .. + b3 (Z > 0) ( ) 
1 '. ! (' 1.;.) . 

The logarithmic and the power fu~ctions are all basic 
functions. Another basic and simple function is the exponen
tial function. The following'models are proposed based on the 
exponential function and c_an be viewed as an alternative to 
express the relationship between wind speed and height. 

Model 4:' The Expon~ntial Law 1. The simplest form of 
the exponential:unction ~ 

:.: = " .-4;z 
11-

' . 
.. Mudel 5: The Expoli~nlial Law 2. . 

' •; ! I f _-
-42Z 

u = h1e +b3 

fl"\ ,._, 

(16) 

Models I, 2, and 4 are two-parameter models. Models 3 
and 5 are three-parameter models. 

Parameter estimation method 
'·'] , , ~, ,, l'. . .::; · Ju 

; .:The five.models mentioned above can be~xpressed in the 
form: .... . , ~ '.i . 
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·1 • ~~ \,,. :)~ 

! .~ ... ~ ' 

.o: ~I J 

~. c 

'I'= ji1 +f32InZ ,rx:o.-

- R f'2 
"' - f'] ;'1 • 

, - ' ~2 '· -
'I' = fi1Z + Ji3 

• , , .. 

.: -~~z 
'I'= Ji 1e 

-1 I -~2Z • 
, 'I' = P1 ~- {)+ P,3, _ 

(l'7) 

-" 
\-,-

~~~~re_ 'Vis the estitpate ?f:u, ~ 1 is the e~lil}:iale of b1, ~2 i~ _the 
estimat~ of b2, ap1ci ~3, i~fhe estimate of b.3. . • i!. · : 

Non!ir.i~ar p~ameter est}mation J?!e~ods can be used :to 
obtain the param~_ters in the models based on the mea;a~r~d 
data of u vs. height Z. In nonlinear estimation, the, paramete..rs 
are iterafr':'ely adjusted t9 mini~ize ~:good~e~s of_fit .of4 uin 
squared function (S) in order to achieve a glob.al minimum. 
The Leven burg-Marquardt algorithm (Beck and Arnold 1977) 
was used in the computer progr~. This method provides a 
compromise between the steepest descent and Gauss methods 
with the initial iterations close to the steepest descentirnethod 
and ·the ·final iterations ·close to the· Gauss method. It can 

~ .i:emove instability and reduce o,scillations in searching the 
minimum (Beck and Arnold 1977). 

The sum squared function can be expressed as 
n 

2 ... $ = I (u;-'I';) (18) 
t:' 

i= I 

where n is the total riurrtber 'of measurements and i is an indi
: vidual measurement. ·- · 

The Levenburg-Marquardt algorithm requires the sensi
tivity matrix, which is a matrix of the partial derivatives of 'I' 

--with te'Spect to the patameters. For a two;: parameter model, the 
, sensitjvity.. Pl!JtriX i~: ; , ; t ',J',) 

1·, ~.' . . ~! ~· ... .-1'!.,f"!, o ..•• , d\jf l d\jf I 

(19) 

. ~1' ~ ajl'" 
X11 X12 i i 
' x d'lf2 d'1'2 

X = X21 22 = af31 af32 
~ ' . ') ,.~ . J j 1: 11. ._.. ;''h: . .:. -.:., : 1r!l 

':J.o···· 

; ~' 

~. •· ... "' t '. f• - •• • •• .d • L. 

_, _ _,,) . , L ' • IJ~ \ l_, j1, - P.1 f32 t: 

Forarthree-parameter model, the sensitivity matrix is; o 

.. , ~ l.~, r1· ... ' r . .J ;f':t. ,.~.I 'i.. • 
O\jf 1'9'1' I d'lfi 

aJ\1 aJ\2 a~3 
. ~ . (~ ;:, .;.; ".._ 

~i 

X11 X12 X13 a'l'2 d'lf2 d'lf2 

X21 X22 X23 ?~1 df32 a~3 r • . I 

x = 1 x31 X32. X33 =, a·~3 a"'3 a"'31 · .... 
dfi1 dJ\2 0Ji3 

·.j .2i· ,r1 Xn .rj~n2 x~ J l Iii ' •• . "" 

''"" ld'lfn d'l'n O'lfn'· 
ap1 ap2 ap3 

'. •: l · 

(20) 

The sensitivity coeff;~i-~nts ~f the model~·are deri°Ved and 
shown in Table 2: The method also requires starting '.lalues for 
the parameters in order to initiate the fitting. These values for 
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II TABLE 2 1 , ; 

1 • The Sensitivity Coefficients of the Model$ ·' · ·· 
-

Sensitivity Coefficient 

Model Xi.I ' Xi.z . xi.3 . . . 
I I lnZ -
2 i') . ~ __,.~~rt1 rnz' {""·.....,! -
3 I . ~ "i'J ~.f''InZ 
4 e 

-~2Z J\ z -~2Z 
- '1 e -

5 I -'32Z Ji Z -l32z 
:.I! _r. - '1 t! 

the five models are obtained: using pre-scan values specific to 
the input data. The convergence criterion is that the parame
ters are not changing significantly (<0.0001.)ifor successive 
iterations. Fq~~r .indices , .w~re used tQ -; evaJu~te the models_. 

. .. L • ' ..• _ _, . . . ~ J.. I 

They were: , _ ,; ii r-.,. 1; 

1. the minimized sum of squared function, S, which is the 
actual least squares measures of fit (the smallest S gives the 
best model); . ;. '" '' 

2. sum of squared regression'; SSR, which represents the sum 
of squares of deviations of the predicted values from th~ 
mean of the observations (the larger this value, the better the 

1-

fit will be); , 

3. correlation coefficient R2; and 

4. standard error of the fit, SE, which is the actual least squares 
error of fit (the closer this value is to zero, the better the least 
squares fit will be). 

Experimental facilities 

: ., Data were collected on a cloudy and windy morning start-
ing from 9:30 a.m. The site was near a swine research unit in 
Ames, Iowa. Air temperatu'rewas 10.2°C (50.4~F), an&rela
tive humidity was 69.3%. The land was flat overall. The 
following instruments were used: 

Weather~Station. The weather station iconsisted of a 
wind speed sensor,:a wind direction sensor, a tempera(urC:and 
relative humidity probe/and a solar radiation sen~or. The wind 
speed· sensor measured wind speed in th~range-0f 0 mis to 45 
m1s :(o ft/niin to 8858 ft/min)~'The acclitacy was :tL5%~The 
:three-Cllp anemometer :·.utilized '. a magnet-a:ctivaiCd r~d 
.s-witch, which had a' frequency proportional to wind· speed. 
Wind -specd-data"'at 10 m above the ground·were ,stored in!~ 
programmable dataiogger in a small;rug'ged; sealed module 

·and retrieved using a lapto'p computer,. The wind speed sensor 
was calibrated by using the airspeed probe described: below. 

· ; Airspeed Probe. The variation of wind speed with'height 
·was rneasutcd! using a -portable, hand-heia instrument; The 
instrument used thermal anemometry to provide accurate air 
velocity measurements. The ini;trument had a programmable 
time constant. The display presented a steady, time-averaged 
velocity instead of the 'lrapidly changing numbers typically 
found with fluctuating flows. The instrument:had a velocity 
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. .. TABLE3 ... .. , . . • 1 ; . •• 

Measured .~vera~,Wind S~d Data y~,1 H.~ight 

Height (m) ".: ' "'i ... f" 

, 'Test! ·:r 0.1 2 ;;;·2 ~5 '. if[ ··4:5 ' ll 10 
' I 

;. :.,, . ; ~;!. _:\Yi~nd speed (rnl~);.i- · .. .... '. ~ ... 
.. ~.1 

. · ~2:·37' 1'3.07 t·~.86 -1~ 41.65; I 5.64' ' I 5.69 1~:73 
2 ,, ' ' i".57 3.61 

- ...1..:-. 
4.sou I 4.11 .I ?"~3 ·; I 5.94 I 8.29 

3 1.58.: [2.41 4 .82 !; 5.40 .I 5:62 I 5.TS I 8.91 

4 ' l.• 1 1:68 2.05 !. l(6T .. I ~.s~· · l ri '6.65 l1r 6.63 I rfo.25 
,,.~ 11' •• ' J I . ·. 5'" .. 2.59 3,15 

,; 

3,.6.1 ·, ~ . 54; : 5.75, :' 6.1,9::: _8.28 

6 r < ' 1.10 2.74 4 .47 · 5.89 ; 5.992 - 6.59 ;9:78 

., • ~ 1 · ' TABLE .4 , ... 
~ · .fl''.· !' ··. ;::G \ t• ~; 
Estimation o~ Paramet~~~ . ,, • 

Test Model· ; 1' 131 sd 1 ~ 13"' 2 Sd· ·13 r-;, . j ' sd 
,• - 1 4.0307 0.3372 1.0982 0.2514 - -

'" 

I :-.. :-'Y 
2_ 3.464:5: 0.2519 0.3384 0.0446 - -

L r, t 3 . ; ,l ,~70';! . 0.6013 0.5640 0.1272 ·l.7426 0.6141 

~· 4 3;3948 0.3762 -0.0872 0.0167 - -
5 -6.7658 0.7045 0.1789 0.0413 8.8;779 0.7779 

1 4.0176 0.3009 1.3276 0.2006 - -
2 3.4426 0.0896 0.3727 0.0157 - -

--2 :··3 2.8463 0.3934 (}.4282 0.0436 0.5787 0.3809 ·' - ~.'. ::.. ' 

'.:J~. ~- 4 3.3915 0.4428 -0.0939 0.0192 - -
' 5 -7.3409 0.8224 0.2024 0.0523 9.1384 0.8977 

- '1 3.9993 0.4592 1.4829 0.3061 
: - -r· .. 

- - 2 3.2594 0.2913 0.4320 0.0526 - -
3 3 2.7417 1.2543 0.4849 0.1521 0.5178 1.2363 

4 3.3103 0.5419 -0.1035 0.0233 - -
5 -8.4264 1.3474 0.2043 0.0756 9.8318 1.4686 

1 4.1847 0.6383 1,7353 0.4255 - -
2 3.1288 0.3174 0.5159 0.05,76 - -

4 3 2.4522 1.0075 o.s9s1 0 .1477 0.7192 1.0465 

4 3.3430 0.5834 -0.1166 0.0238 - -
5 -11.1727 1.7737 0.1628 0.05523 12.3913 1.9611 

1 4.2837 0.4643 1.1736 0.3095 - -~ 

i.;l " -2 3.6437 0.3663 0.347'4 6.9615 - -
-s ;, : 3 "· L6881 0.9112 ··0.5888 0.2062- ·UH15 1:0052 

4 3.590! 0.4489 
.i . ..... 

-Q.U!S!SM 0.Ul87V - -
- Jl. . I 5 -7.4050 1.5034 0.1739 0.0775- 9.6214 1.6617 

'i 4.1169 0.4719 1.7707 0.3145 - -
2 3.2891 0.2233 0.4767 0.0391 - -

6 3 3.5950 .l.1039 0.4497.. 0.0991" -0.3103 1.0751 

4 3.4077 0.6345 -0.1'1 06 0.0259 - -
5 -9.7356 0.9532 0.2208 0.0579 10.7016 J.0238 

,1, I I' t i ... ,-~ 

., 

• ·.~ J •• .~(: ~' .TABLE 5 :· _ .f.! .. , - . ' 
~. 

,. j 

' ; . 

1L 

'J '· Comparison of Five :Models .,, \:.~ 

Test · Model · ;,SSR . ' s I •j .(. R1 " '1/ ·sE 
. 

I 15.7173 ·.4.1195 ':-,._0.79 0.907;( 

2 18.6384 1.1983 0.91 0.4896 

:· .l Q;':}7 2 ~-·" 

1 3 19.2728 0..5639 ' ·0 :'3755 

4 !.(i.4456 3.3911 0.83 : 0.8236 
\]'), 

. ,, 5 !' : l.9;5232 . 0,3045'• 0.98 0.2759 .. 
.. ; 1\· ;:" ii.9679 2.6214,"it· I 0-.90 0.7241 

- ,:· ~ ... · "25.43s2-- · 
~ ;; "' . 

0.1512 0,99 0.1739 
'. 

2 I '·k 3~ .r. :25~4850 .0.1043 . :::··0.99 0.1615 

• !,; 4 ., 20'.7314·1• .. 4.8579 0.81]1 ' .J 
1

'
10.9857, 

,;.,J , . ;_: 5 le - ~ 
0.98 0~~6 24.9977 0.5917 

' . . I 28.6567 : ,6.1055 0.82 · ·uoso . ~ : 

33;1387::: : c' '.'1;.6235 
ii., . 

0.5698' . ·:.. 2 . 0.95 

3 3 33.1998 
" 

1.5623 0.96 , 0.6249, 

' :<!~''·" 27.1376 7.6246 0.78 1.2349 . 
: Ci .,, .. ~ ~,., .. 5:, 33.1334 1.6282 ,,.., 0':9s '' 0.6379 

1 39.2443 11.7952 0.77 1.5359 

2 48.9862 2.0533 0.95 0.6408 

4 .. - 3 49.1879 1.8516 0.96 0.6804 

4 41.6041 9.4354 0.82 1.3737 

5 49.6143 1.4251 0.97 0.5969 

' I H .9482 6.2413 
''':\ 

0.74 ;;. "U172 

- : 2 21.6588 2.5307 0.89 '0.7114 

5 3 22.5219 1.6676 0.93 0.6457 

4 .•.. '19.326!5 '--4.8631 .. 0:80 --•- - 0.9862 

5 22.9197 i'. i".2698 0.95 0.5634 

I ' 1 • ' - :il-0.8626 . '6.°4455f '·1 i'.;:l• "· b.86 Y:1t~54 
, J • ·. ~ . 

2 46.3271 0.9813 0.98 0.4430 

6 3 46.3497 0.9588 0.98 ·o.4896 

4 °' ; 36.4778 10.8307 0.77 l.4718 

- ' ft 5"~ ~ 46.3237' ""'"0.9848 0.98 0.496Z -· .. .. 
range from 0.15 mis to 50.19 rn/s"(30 ft/nhn,to 9,999 ft/~in). 
;Accuracy was 3.0% of reading or :t0.015 'in/s != 3 ft/min), 
wtt'lc~ever was greater. ~ . 

·::,01 · 
-Datii Collection. The airspeed probe was used 10 measure 

wind speed a.t 0.1 m, I m, 2 m, 2.5 m, 3.5 m, and 4°15 m. The 
wind speed readings per height were averaged and1'recorded 
every 2.5 minutes. Measurements of wind speed'at six differ
ent heights (0.1 m, 1 m, 2 m, 2~5 m~ 3.5 m, and 4.5 m) took 
about 15 minutes. To minimize•the effect of wind speed vari

,ability over the time, the same time period was used to average 
the wind speed value at l 0 m. Wind speed dataat l 0 m above 
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the ground were measured 'by the weather station. An aver
aged value of wind1speed over ~l5 m:i"l'IUte.S1 was recorded. 

·-. :-·srx sets of data were collecteci's~que~·tially at .th~ same 
·V . ... ·'·" 

:.location. Each test took about-15 minutes.-'Data used in~this 
.. f.~~-earch are. li~!C?d in Tabl~ 3. __ ·- -· 

r ~ ~' 

between win~ S~f?d artd height. Considerjng all tes.ts/ .Jllodel 
•3· rs fet ommentled'1is'· the best overall m~cfo1:'' c,~ • ., 

Figures I and z ishow comparisons of the measured data 
- witfi the!ftoder predlqtions for data.sets I and ·i:-~espect:ively. 
--·-Model .. } was cabte to·:pretliet::good results when.:.heighi. is 

decreased from 4~5 m~but. failed -~hen.. h~ght i~ increased. 
RE$µLTS AND DISCUSSION. -~~odel 4 ·was:·abl~ to predict __ ~ood J'esults_~~.e~. heigh_t· is 

_ .. ::...:.. _ . - - - -·· - - .... increased from45m but produced a larger ~uqqvhen height 

Table 4 shows.' the results of the paramet6r est~mation. It d~cr~ased. ~odels 2, 3, and 5 wei:e'able topredi~t ~ood results 
is seen that the exponent term 1)2 vanes from 0.3 to 0,5 fo.r the ' ~1~m the h:1gh~angebe~.~een 0.1_!!!.!_o.l ~ r_n. S1mdar conclu
power law mpPefi and 0.4.to 0.6 for. the po~e~··iaw model 2. ,_ Sl~ns C~ be drawn for:all SIX·da!a sets. Figures 3 .and 4 show 
The results provide a narro~ range-of th~ ~xpoiie"llt term in the ~- 1h_e-~e~~d~al· _plo~-(d1fference·· betwee_rr m~UYement and 

- power law model application. Wind data measured by weather ·• 1m1d1~1Ql'\} .. vs: ·b~ghc:N·o . .apparent pat~ern can ~bserv~d 
stations at a height of 10 m can be easily interpolated to any s.~~~-th~plots .• wb1chmean~.~osysteman.c~!":<?r."'..~.mvolved. 
'height ofO m to 10 m using-ptodels with the esti~ated param- Figures 5 through 9 show the plots of the measured data 
eters in Table 4:-Table 5 ·shows a comparison of the models and predictions with · 95% ·'confidence limits for the five 

: . ..... , . . Y· ... ~ f-~' iv""'• ' "'• f'f"C'' 
evaluated by four indices. Model 3 ranked the first.f.or data sets models for data set 2, which was art>itranly chosen as an exam-
2, 3-, and 6 because it resulted in the largest values of SSR and, - pie for all data sets. The co nclusions "3re simiiiU- f~r: all data 

, "R.2 and smallest value of S. MOdel 3 also ranked the second to sets. It is seen that all 'data points fall wichiri the 95% confi-
~- model 5, which resultedin the largest values of SSR and R2 and'. dence limits except for one poi!lt in model 4. However, the 
~___smallest value of S for data sets I, 4, and 5. Model-2 resulted__ ranges of95% confidence limitSare 6.5% to 87%.formodel 1, 

ill the smallest SE for tests 2 and 6. These res~l~ sµggest that 1 ~~ 9.5% to 16.S.% for modeJ4, ~c;l 9%J.9. 2~ .. 85%.for model 5. 
-these three models are capable of expressing the relationship These wide tanges may'result in a_l~~~r.unc~rtainty in the 
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predicted results. Figure 5 also confinns what was learned by 

the preceding criticism: that the logarithmic law may produce 

an unreal negative speed for Z < 10 m. 

The results obtained here were based on a limited number 

of measurements of wind speed vs. height. More research and 

measurements are necessary regarding the variability of the 
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parameters in the mOctels with various locations or atmo-

~P.~~98Y~~il !~J~~~~~- ~~.a~i~n~"several ,identic~l airspe.ed 
pio~(_s s~q.~ld be.~~ge,d.sq;tha~ siµ,iuitaneous me~urements 
~f win~)spe:e~ vs. hei~ht in the ."°!Jndacy,Jayer can. ~ ~ade . 

CONCLU.SIONS >)f 

')~~:.-:'5' :.. )f'. ·~ ' ·- ·~ '. • ;. r~r~ · 

· :Jbe · logari~rWQinJOdel1 did ,not '. adequately describe the 
v;uiation of, wind speed .~ith. ·hei~ht between 0 m and 10 m 
above the ground. . . . •~1 · • · ~· 

The power law models were found to be more applicable. 
"T'ho •v"'""""'•"t; ... 1 +-- .. , .... ,. ~- •L- ---- -&n., •- n tC. &--•L- •---
.... - _._t'"'U"-'UWM.& ""IHI 'n'a.> Ill UI'"' .IG&IJ5.ll;; V.I v • .J LU v.u JUI Ul'W 1.wu-

parameter model and 0.4 to 0.6 for the three-parameter model. 
Besides the logarithmic and power law models, the three
parameter exponential function can favorably fit wind speed 
vs. height data. 

Wind data measured by weather stations at a height of 10 
m can be easily interpolated to any height between 0 m and 10 
m using models with the estimated parameters in this research. 
More research and measurements are necessary regarding the 
variability of the parameters in the models with various loca
tions and atmospheric stability classes. 
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NOMENCLATURE 

b1 , b2, 
andb3 

., 
~ ·" ~ .: : ... 

= fitting coefficients 
,. 

= measure!llent point 
-'/? ,,, .. , -·-....... "·... I = von Kannan· constant, approximately 0.4 

n"'· 
R2 

s 
SSR 

SE 

< =--total number of measurements 

= correlation coefficient ·-. 
~' J 

~ 

= minimized sum of squared function 

= sum of squared regression 

= standard"?rror of the fit · 

\ 
! 

---1 

'Ii 
' 
j 

u = wind speed at height Z abqve the ground 

u. = shear velocity 

U10 = wind spedi at a height of 10·fu a\iove ground 

x 
~ 
z 

"' to 

• ' , \ , - r: \ -·· \ ~ ; 

= sensitivity matrix 

= ground roughness, m 

= height above ground, m 

= estimate of u 
= stress of wind at ground level 

:p-= = air density 

~;_: ~· _· ...:::: estimate of b1 

~2 = estimate of b2 

~3 = estimate of b3 
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