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1. INTRODUCTION 

This d isc ussion report has been p repared  by Holmes Air Sc ienc es for Cap ita l Planners 
ACT Pty Ltd .  It is to form pa rt of the Planning Study for the upgrade of the “ bus 
street”  through the Belc onnen Town Centre and  the p roposed  redevelopment of 
seven (7) sites in tha t same loc a l a rea .  The p roposa ls for these sites inc lude both 
c ommerc ia l and  residentia l developments.  The purpose of this report is to review 
the information ava ilab le on c hanges to loc a l tra ffic  flows, existing  a ir qua lity and  
loc a l meteorology and  determine its suitab ility for redevelopment with respec t to 
potentia l for impac ts.  The two a reas have been assessed  separa tely with a  very 
simp le modelling  study c a rried  out for the “ bus street” . 

2. LOCAL SETTING AND PROJECT DESCRIPTION 

The p roposed  route for the “ bus street”  upgrade and  the seven sites ea rmarked  for 
redevelopment a re shown in Figure 1.  The development sites a re labelled  as 
follows: 

Bloc k A: Bloc k 24 Sec tion 52 
Bloc k B: Bloc k 25 Sec tion 52 
Bloc k C: Bloc k 7 Sec tion 52 
Bloc k E: Bloc k 1 Sec tion 151 
Bloc k F: Bloc k 8 Sec tion 50 
Bloc k G: Bloc k 5 Sec tion 152 
Bloc k H: Bloc k 6 Sec tion 152 

The ma jority of these sites a re c urrently used  as surfac e c a r pa rking  and  p roposed  
developments a re for a  mix of residentia l and  c ommerc ia l spac e with off-street 
pa rking  inc luded . 
 
The p roposed  redevelopment is pa rt of a  wider p lan to improve the integra tion of 
the Belc onnen Town Centre.  The ACT Government is exp loring  stra teg ies to c rea te 
better physic a l c onnec tions between the existing  sec tors of the town c entre, 
inc lud ing  the c omp letion of a  number of east/ west and  north/ south road  
c onnec tions to and  through the town c entre.  As pa rt of this the extension of Cohen 
Street (shown in Figure 1) will c onnec t the eastern and  western sides of the town 
from La thla in Street to Benjamin Way and  inc orpora te a  new “ bus street”  from a  
western bus sta tion near the existing  bus depot a t the western end  of Cohen Street, 
to an eastern bus sta tion near the intersec tion of Emu Bank and  Aikman Drive.  This 
will involve the demolition of the c urrent bus interc hange and  the pedestrian b ridge 
over Benjamin Way, and  the c onstruc tion of a  new network of bus sta tions a t four 
loc a tions a long new Cohen Street/ Emu Bank, tha t is the “ bus street” . 

3. AIR QUALITY ISSUES 

3.1 Existing Air Quality 

This sec tion p resents an assessment of the existing  a ir qua lity in the p rojec t a rea .  
There a re a  number of c riteria  used  to assess a ir qua lity and  these a re desc ribed  
b riefly in the following. 
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3.1.1 Air quality c riteria  

The ACT Department of Hea lth and  Community Care has historic a lly noted  a ir 
qua lity goa ls for c a rbon monoxide, nitrogen d ioxide and  pa rtic ula te ma tter 
determined  by the World  Hea lth Organisa tion (WHO), the United  Sta tes 
Environmenta l Protec tion Agenc y (US EPA) and  the Na tiona l Hea lth and  Med ic a l 
Researc h Counc il of Austra lia  (NHMRC).  The Na tiona l Environment Protec tion 
Counc il of Austra lia  (NEPC) has determined  a  new set of a ir qua lity goa ls for 
adop tion a t a  na tiona l level, whic h a re pa rt of the Na tiona l Environment Protec tion 
Measures (NEPM). 
 
Table 1 lists the a ir qua lity goa ls for the ACT inc lud ing  the historic a l goa ls and  newly 
adop ted  goa ls. 
 

Table 1 – Air Quality Goals 

Pollutant Goa l Agenc y 

Carbon monoxide 25 ppm or 31 mg/ m3 (1-hour maximum) 
9 ppm or 10 mg/ m3 (8-hour maximum) 

WHO 
NHMRC and  NEPM 

Nitrogen d ioxide 0.16 ppm or 320 mg/ m3 (1-hour maximum) 
0.05 ppm or 103 mg/ m3 (annua l mean) 
0.12 ppm or 246 mg/ m3 (1-hour maximum) 
0.03 ppm or 60 mg/ m3 (annua l mean) 

NHMRC 
US EPA 
NEPM 
NEPM 

Ozone 0.10 ppm (200 mg/ m3) (1-hour maximum) 
0.08 ppm (150 mg/ m3) (4-hour maximum) 

NHMRC and  NEPM 
reporting  standard  

Tota l suspended  

Partic ula te ma tter 
(TSP) 

90 mg/ m3 (annua l mean) NHMRC 

Partic ula te ma tter 

< 10 mm (PM10) 

50 mg/ m3 (annua l mean) 
150 mg/ m3 (24-hour maximum) 
50 mg/ m3 (24-hour maximum) 

US EPA 
US EPA 
NEPM 

ppm  - part per million 
mg/ m3 – mic rograms per c ub ic  metre 
mg/ m3 – millig rams per c ub ic  metre 
 
 

3.1.2 EPA monitoring data 

The c losest a ir qua lity monitoring  site to the p roposed  development is a t Civic .  
Although Civic  is approxima tely 6km to the southeast, it is rep resenta tive of a  built-
up  urban a rea , p redominantly business d istric t with surround ing residentia l a reas.  It 
is likely tha t some of the tra ffic  from Civic  would  a lso pass through Belc onnen. 
 
Annua l maximum c onc entra tions of c a rbon monoxide (CO), nitrogen d ioxide (NO2), 
ozone (O3) and  pa rtic ula te ma tter (PM10) a re ava ilab le from the Civic  site, and  the 
results have been pub lished  in the Na tiona l Amb ient Air Qua lity Sta tus and  Trends 
Report (DEH, 2001).  This report p rovides a  summary of the maximum 8-hour CO 
level, maximum 1-hour average NO2 level, maximum 1-hour O3 level and  the 
maximum 24-hour PM10 va lue measured  through the year, as shown in Table 2.  
These da ta  a re limited  in tha t they only report one maximum va lue throughout the 
yea r and  offer no insight into annua l va ria tion or trends. 
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It c an be seen in Table 2 tha t the 8-hour average CO goa l of 9 ppm was exc eeded  
in 1995 and  1996.  Sinc e tha t time however, the c onc entra tion levels appear to 
have dec reased  to 6.43 ppm in 2001.  Measurements a t this monitoring  site have 
been d isc ontinued  in rec ent yea rs so there a re no up  to da te da ta  for Civic .  The 
maximum va lues measured  throughout the yea r for both NO2 and  O3 rema in well 
below their respec tive goa ls.  It c an be seen tha t the 24-hour PM10 goa l has been 
exc eeded  on oc c asion sinc e 1995, but it must a lso be remembered  tha t these a re 
maximum va lues for eac h year and , as c an be the c ase pa rtic ula rly with PM10, may 
rep resent extreme events suc h as bushfires and  not typ ic a l va lues throughout the 
yea r. 
 
Although this monitoring  sta tion is some d istanc e from the p rojec t site, it is likely tha t 
the existing  a ir qua lity is simila r, g iven the surround ing land  use and  p roximity to 
roadways. 
 
 

Table 2 – Air Quality Monitoring at Civic , ACT (1995 – 2001) 

 CO (ppm) 
Maximum 8-hour 

average 

NO2 (mmmmg/ m3) 
Maximum 1-hour 

average 

O3 (ppm) 
Maximum 1-hour 

average 

PM10 (mmmmg/ m3) 
Maximum 24-
hour average 

Goal 9 ppm 246 mmmmg/ m3 0.10 ppm 50 mmmmg/ m3  

1995 9.34 115 0.046 39 

1996 9.56 154 0.056 55 

1997 7.65 98 0.052 51 

1998 8.99 125 0.040 41 

1999 7.52 111 0.091 55 

2000 6.32 113 0.053 39 

2001 6.43 98 0.055 34 

Only one read ing ava ilab le for eac h year 

 

4. DISPERSION METEOROLOGY 

The d ispersion meteorology of the a rea  will a lso a ffec t the loc a l a ir qua lity.  For 
examp le, the d istribution of wind  d irec tions and  wind  speeds will influenc e where 
pollution is b rought from and  where it is transported  to.  The loc a l terra in will a lso 
p lay a  role in determining  pollution c onc entra tions under more stab le c ond itions.  
The meteorolog ic a l fea tures of the a rea  a re summarised  in the following sec tions. 

4.1 Wind speed and d irec tion 

Meteorolog ic a l da ta  c ollec ted  a t Canberra  Airport in 1996 p rovide information on 
loc a l d ispersion c ond itions.  Although the a irport is 14 km away from the Belc onnen 
a rea  it is the c losest da ta  ava ilab le for a  genera l desc rip tion of the genera l 
meteorology for Canberra .  As this study does not inc lude modelling  tha t requires 
meteorolog ic a l da ta  it is not nec essary to have on-site da ta  of this kind .  Figure 2 
p resents seasona l and  annua l wind  rose d iagrams c omp iled  from these da ta .  On 
an annua l basis, winds a re domina ted  by those from the northwest quadrant.  In 
summer, a  signific ant p roportion of winds a re from the eastern quadrant as well, 
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while in autumn winds a re genera lly a ligned  a long the southeast – northwest axis.  In 
winter and  sp ring  winds from the northwest a re dominant.  The annua l average wind  
speed  a t Canberra  Airport is app roxima tely 3.6 m/ s. 

4.2 Atmospheric  Stability 

The ra te a t whic h an emission d isperses depends on the wind  speed  and  the 
p reva iling  a tmospheric  stab ility c lass1.  Stab ility is usua lly assigned  ac c ord ing  to six 
c lasses A to F, where A is the most unstab le and  F the most stab le.  Table 3 shows the 
frequenc y of oc c urrenc e of the d ifferent stab ility c a tegories for the Canberra  
Airport da ta .  The high perc entage of D and  F c lass stab ilities (32.7% and  31.5% 
respec tively) ind ic a tes tha t emissions will d isperse quic kly for a  signific ant p roportion 
of the time (D-c lass) and  more slowly for a  simila r perc entage of the time (F-c lass).  
Joint wind  speed, wind d irec tion and stab ility c lass frequenc y tab les for Canberra  
Airport a re presented in Appendix A. 
 

Table 3 – Perc entage frequenc y of oc c urrenc e of stability c lasses at Canberra 
Airport (1996) 

Stab ility Class Perc entage oc c urrenc e 
A 2.1 
B 8.7 
C 14.9 
D 32.7 
E 10.1 
F 31.5 

TOTAL 100 
 

4.3 Loc al terra in and katabatic  drift 

The loc a l topography a ffec ts the movement of a ir in two ways.  Firstly, wind  is 
deflec ted  by terra in fea tures whic h steer or c hannel the wind .  The more stab le the 
a tmosphere the grea ter the effec t.  The terra in struc ture c an a lso a ffec t the 
movement of a ir by genera ting  so c a lled  ka taba tic , or d ra inage flows.  These a re 
usua lly genera ted  a t night when the wind  is light and  the skies a re c lea r.  Under 
these c ond itions the ground  will c ool by rad ia ting  hea t to spac e.  The c ooled  
ground  will then c hill the a ir c lose to it making tha t a ir more dense than the a ir 
further from the ground .  If the ground  is slop ing , then the a ir c lose to the ground  will 
be denser tha t the nearby a ir a t the same height above sea  level, but a  d ifferent 
height above the ground .  The result will be tha t the dense a ir c lose to the surfac e 
will beg in to d rift down the slope. 
 
In the c ase of the c urrent p roposa l, the terra in slopes down from the higher g round  
in the southwest, south and  southeast towards Lake Ginninderra  and  may be 
                                                 
1  In d ispersion modelling stab ility c lass is used to ca tegorise the ra te a t which a  p lume w ill d isperse.  In the Pasquill-
Gifford  stab ility c lass assignment scheme, as used in this study, there are six stab ility c lasses A through to F.  Class A 
rela tes to unstab le cond itions such as might be found on a  sunny day w ith light w inds.  In such cond itions p lumes w ill 
spread rap id ly.  Class F rela tes to stab le cond itions, such as occur when the sky is c lear, the w inds are light and an 
inversion is present.  Plume spread ing is slow  in these c ircumstances.  The intermedia te c lasses B, C, D and E rela te to 
intermedia te d ispersion cond itions. 
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sub jec t to ka taba tic  d rift under stab le c ond itions a t night.  These c ond itions oc c ur 
for app roxima tely 31.5% of the time a t Canberra  Airport but a re likely to be slightly 
d ifferent a t Belc onnen.  Motor vehic le emissions may be c a rried  by a ir tha t has 
moved  down this slope, transporting  it northwards.  However, a  d ispersion modelling  
study with on-site meteorolog ic a l da ta  would  be required  to quantify these 
emissions and  resulting  c onc entra tions. 

5. MOTOR VEHICLE EMISSIONS 

5.1 Introduc tion 

A c omprehensive emissions inventory whic h rela tes vehic le emissions to d ifferent 
travel c ond itions was p repared  for the Sydney Metropolitan Air Qua lity Study 
(MAQS) (Carnovale et. a l, 1997).  There a re no equiva lent da ta  ava ilab le for 
Canberra  but levels a re likely to be simila r.  These da ta  a re c ontinua lly being  
developed  and  upda ted  by the NSW EPA Motor Vehic le Emission Projec tion System 
(MVEPS) and  this study uses rec ent emission estima tes for both the “ bus street”  and  
post development sc enarios.  Different approac hes have been used  for the two 
sc enarios.  A simp le modelling  exerc ise has been c a rried  out to determine the 
roadside c onc entra tions due to the “ bus street” , while a  c omparison of tota l 
emissions was done for the redevelopment sites, c omparing  tra ffic  emissions before 
and  a fter the development of eac h site. 

5.2 Emissions assoc iated with the “ bus street”  

There a re a  number of c hanges to the existing  roadways whic h a re p roposed  to 
ac c ommoda te the new “ bus street”  from Cohen Street to Emu Bank.  These a re 
c ollec tively c a lled  the Cohen Street Extension, as they involve two extensions to the 
eastern end  of Cohen Street.  The first will inc lude an extension to Cohen Street to 
join up  with the east/ west sec tion of Joynton Smith Drive, c ontinuing  to the sec ond  
extension whic h will take Cohen Street through the existing  bus interc hange, under 
Chand ler Street to join up  with Emu Bank.  This will involve the demolition of the 
c urrent bus interc hange and  a lso some c hanges to Joynton Smith Drive whic h will 
bec ome known as Cohen Street a long its east/ west sec tion.  Figure 1 shows the new 
route. 
 
A very simp le modelling  exerc ise was c a rried  out for the “ bus street”  to estima te the 
kerbside c onc entra tions due to the new tra ffic  a long the Cohen Street extension.  A 
worst c ase was determined  to be the existing  sec tion of Cohen Street (between 
Nettleford  and  La thla in Streets) as this will have only one tra ffic  lane in eac h 
d irec tion and  no ded ic a ted  bus lane.  Table 4 summarises the PM peak tra ffic  
volumes a long this sec tion inc lud ing  the number of buses. 
 

Table 4 – Estimated traffic  volumes after the “ bus street”  bec omes operational 

Flow d irec tion Number of buses Number of other 
vehic les 

Tota l tra ffic  volume 

Eastbound  57 340 397 
Westbound  57 674 731 

 
The MAQS emission fac tors have been app lied  to the tra ffic  volumes listed  in Table 4 
to determine the roadside c onc entra tions using  the CALINE4 model.  This model is 
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an upgrade of Ca line3 the most rec ent US EPA approved  model, and  is a  steady 
sta te Gaussian model whic h c an determine c onc entra tions a t rec ep tor loc a tions 
downwind  of "a t g rade", "fill", "b ridges" and  "c ut sec tion" highways loc a ted  in 
rela tively unc omp lic a ted  terra in.  The model is app lic ab le for any wind  d irec tion, 
highway orienta tion and  rec ep tor loc a tion. 
 
The approac h in this report has been to identify worst c ase c ond itions whic h 
c omprise 1-hour peak hour tra ffic  flow, c omb ined  with the poorest d ispersion 
c ond itions, equiva lent to a tmospheric  inversions with very light winds.  The tra ffic  
flow has been assumed to be c onstant (a t peak levels), and  a lthough this is c lea rly 
a  simp lific a tion, it is a  reasonab le approxima tion to wha t c ould  happen in p rac tic e. 
 
The position of the rec ep tor with respec t to the road  is a lso a  fac tor when 
determining  “ worst-c ase”  c ond itions a long a  roadway.  Distanc es of 0 m, 10 m, 20 m 
and  30 m have been used  here.  The resulting  c onc entra tions a t va rious d istanc es 
from the road  a re listed  in Table 5. 
 

Table 5 – Predic ted inc rease in 1-hour average ground-level c onc entrations due 
to vehic le emissions on the proposed “ bus street”  

 Distanc e from 
kerb 

CO 
(ppm) 

NO2  
(µg/ m 3)a 

PM10  
(µg/ m 3) 

Goals  25 246 50 
0 m 1.0 41.0 10.0 

10 m 0.4 22.8 3.7 
20 m 0.3 21.1 2.6 

North of Cohen 
Street 

30 m 0.2 17.1 2.1 
0 m 1.1 42.4 10.4 

10 m 0.4 23.7 3.9 
20 m 0.3 21.5 2.6 

South of Cohen 
Street 

30 m 0.2 17.3 2.1 

a Assumed to be 10% by weight of tota l NOx a t the kerbside, 15% by weight a t 10 m and  20% by weight 
a t 20m and  30m from the roadway edge. 

 
It c an be seen from Table 5 tha t none of the a ir qua lity goa ls a re p red ic ted  to be 
exc eeded  as a  result of the “ bus street” . 

5.3 Emissions assoc iated with the Redevelopment Sites 

The approac h taken in this assessment has been to c a lc ula te the tota l vehic le 
emissions genera ted  for eac h redevelopment site, based  on the estima ted  number 
of vehic le movements over the peak hour period .  Table 6 summarises the vehic le 
movements estima ted  to be genera ted  for eac h redevelopment site and  the 
existing  tota l tra ffic  a long the ac c ess roads.  Where there a re two possib le ac c ess 
op tions, it has been assumed tha t 50% of the trips will oc c ur on eac h ac c ess street. 
 
 

Table 6 – Peak period trips, ac c ess streets and existing traffic  for eac h site 

Redevelopment 
Site 

Estima ted  trips 
during  PM 

peak 

Ac c ess street/ s Existing  PM peak tra ffic  on ac c ess 
street/ s 

(tota l inc lud ing  new trips) 
Bloc k A 95 Emu Bank (West 264 
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of Luxton St) (359) 

Bloc k B 1047 La thla in Street 
901 

(1948) 

Bloc k C 105 
Emu Bank (East 

of Luxton St) 
1247 

(1352) 

Bloc k E 176 
Emu Bank /  

Joynton Smith Dr 
264 /  616 

(352 /  704) 

Bloc k F 150 La thla in Street 
901 

(1051) 

Bloc k G 108 Swanson Court 
200 

(208)a  

Bloc k H 252 
Swanson Court /  

Chand ler St 
200 /  843 

(226a  /  969) 

a  Note tha t the tota l volumes for Bloc ks G & H a re not d irec t add itions of existing and  new trips on 
Swanson Court.  This is bec ause Swanson Court is p redominantly used  as ac c ess to the existing surfac e 
c arparks on Bloc k G & H and  so inc lud ing the tota l 200 vehic le movements would  involve doub le 
c ounting.  It has therefore been c onserva tively assumed tha t 50% of the existing tra ffic  on Swanson 
Court is inc orpora ted  in the tra ffic  due to the redevelopment. 

 
 
The same MAQS emission fac tors tha t were used  to assess the “ bus street”  emissions 
have been app lied  aga in here to the tra ffic  volumes listed  in Table 6 to determine 
the tota l hourly emissions for eac h pollutant in kilograms.  The results a re listed  in 
Table 7.  The c a lc ula tions assume tha t 100% of the fleet a re light passenger vehic les.  
A va lue in g / km was c a lc ula ted  and  then multip lied  by the length of the roadway to 
determine the tota l kilograms of eac h pollutant.  The va lue in b rac kets is the amount 
tha t eac h vehic le will emit per kilometre. 
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Table 7 – Tota l amount of pollutant released due to tota l da ily tra ffic  (kilograms) 

Roadway (length) CO (3.725 g/ km) NOx (1.055 g/ km) PM10 (0.024 g/ km) 
 Existing Proposed  Existing Proposed  Existing Proposed  
Emu Bank (West of Luxton 

St) 
(150m) 

0.148 0.259a 0.042 0.073a 0.001 0.0016a 

La thla in Street 
(650m) 

2.18 5.08b 0.618 1.44b 0.014 0.033b 

Emu Bank (East of Luxton 
St) 

(250m) 
1.16 1.26 0.329 0.357 0.0075 0.0081 

Joynton Smith Drive 
(450m) 

1.03 1.18 0.292 0.334 0.0067 0.0076 

Swanson Court 
(220m) 

0.164 0.274c  0.046 0.078c  0.0011 0.0018c  

Chand ler Street 
(250m) 

0.785 0.902 0.222 0.256 0.0051 0.0058 

a  Combined  new tra ffic  from Bloc k A and  ha lf of Bloc k E 
b  Combined  new tra ffic  from Bloc ks B and  F 
c  Combined  new tra ffic  from Bloc k G and  ha lf of Bloc k H 

 
The la rgest inc reases in emissions a re a long La thla in Street and  a re d irec tly 
p roportiona l to the inc reases in tra ffic .  These inc reases a re mostly due to the 
c hanges to Joynton Smith Drive a round  the Westfie ld  Centre whic h will result in tha t 
road  end ing to the north of Bloc k B and  a ll tra ffic  from the new c a rpa rk a t tha t site 
d irec ted  onto La thla in Street.  Although the inc reases a re grea test a t La thla in Street, 
this roadway is a lso the longest so emissions will be sp read  out over a  la rger a rea . 
 
It is not antic ipa ted  tha t the inc reases in emissions a long any of the sec tions of road  
will adversely impac t on loc a l a ir qua lity.  Also, it is possib le tha t with the future 
development of the “ bus street” , the use of pub lic  transport may inc rease.  Any 
inc rease in pub lic  transport use is likely to have a  benefic ia l effec t on roadway 
emissions. 

6. DUST FROM CONSTRUCTION ACTIVITIES 

The redevelopment of eac h site will require a  c onsiderab le amount of ea rthworks 
and  c onstruc tion.  There may be exc eedanc es of the short term (24-hour) PM10 
goa ls during  exc ava tion and  c onstruc tion of the a reas, but these a re not likely to be 
for p rolonged  periods of time.  Air qua lity management p lans should  be designed  in 
order to keep  these impac ts a t a  minimum in both magnitude and  a rea  of 
a ffec ta tion. 

7. DISCUSSION 

The a ir qua lity issues rela ting  to the p roposed  redevelopment sites and  “ bus street”  
a t Belc onnen have been outlined  and  d isc ussed  in this report.  The loc a l 
meteorology and  terra in have a lso been summarised  as they c an a ffec t the 
transport and  d ispersion of pollutants. 
 
There were found  to be no signific ant issues in regard  to a ir qua lity whic h a re likely to 
c ause adverse impac ts due to the p roposa l.  There may be some short term dust 
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impac ts on existing  residenc es and  pa trons of the Westfie ld  shopp ing ma ll due to 
exc ava tion and  c onstruc tion ac tivities, but these c an be c ontrolled  to a  la rge 
extent with vig ilant site management.  Changes in tra ffic  volumes a re not expec ted  
to c ause exc eedanc es of a ir qua lity goa ls, but deta iled  d ispersion modelling  would  
be required  to c onfirm this quantita tively. 
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STATI STI CS FOR FI LE:   C: \ Jobs\ Canber r aChi l dCar e\ CANB96. AUS 
MONTHS:  Al l  
HOURS :  Al l  
OPTI ON:  Fr equency 
 
                     PASQUI LL STABI LI TY CLASS ' A'  
 
                        Wi nd Speed Cl ass ( m/ s)  
 
             0. 50     1. 50     3. 00     4. 50     6. 00     7. 50     9. 00  GREATER 
 WI ND         TO       TO       TO       TO       TO       TO       TO     THAN 
SECTOR       1. 50     3. 00     4. 50     6. 00     7. 50     9. 00    10. 50    10. 50    TOTAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
   NNE   0. 000000 0. 000116 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000116 
    NE   0. 000347 0. 000231 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000579 
   ENE   0. 000463 0. 000347 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000810 
     E   0. 000463 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000463 
   ESE   0. 000463 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000463 
    SE   0. 000463 0. 000116 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000579 
   SSE   0. 000579 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000579 
     S   0. 000463 0. 000231 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000694 
   SSW   0. 000463 0. 000347 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000810 
    SW   0. 000231 0. 000116 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000347 
   WSW   0. 000579 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000579 
     W   0. 000347 0. 000116 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000463 
   WNW   0. 000926 0. 000347 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 001273 
    NW   0. 001968 0. 001157 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 003125 
   NNW   0. 001736 0. 001157 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 002894 
     N   0. 000810 0. 000347 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 001157 
 
  CALM                                                                           0. 006250 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
  TOTAL  0. 010301 0. 004630 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 021181 
 
   MEAN WI ND SPEED ( m/ s)  = 1. 22 
  NUMBER OF OBSERVATI ONS = 183 
 
 
                     PASQUI LL STABI LI TY CLASS ' B'  
 
                        Wi nd Speed Cl ass ( m/ s)  
 
             0. 50     1. 50     3. 00     4. 50     6. 00     7. 50     9. 00  GREATER 
 WI ND         TO       TO       TO       TO       TO       TO       TO     THAN 
SECTOR       1. 50     3. 00     4. 50     6. 00     7. 50     9. 00    10. 50    10. 50    TOTAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
   NNE   0. 000000 0. 000926 0. 001042 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 001968 
    NE   0. 000926 0. 000231 0. 000810 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 001968 
   ENE   0. 000810 0. 000579 0. 001157 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 002546 
     E   0. 001852 0. 000347 0. 000347 0. 000116 0. 000000 0. 000000 0. 000000 0. 000000 0. 002662 
   ESE   0. 002546 0. 000231 0. 000926 0. 000116 0. 000000 0. 000000 0. 000000 0. 000000 0. 003819 
    SE   0. 002662 0. 001042 0. 002662 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 006366 
   SSE   0. 002315 0. 000000 0. 000231 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 002546 
     S   0. 001620 0. 000116 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 001736 
   SSW   0. 000579 0. 000231 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000810 
    SW   0. 001505 0. 000694 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 002199 
   WSW   0. 002546 0. 001042 0. 001389 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 004977 
     W   0. 000694 0. 001042 0. 001736 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 003472 
   WNW   0. 003125 0. 001620 0. 004167 0. 000579 0. 000000 0. 000000 0. 000000 0. 000000 0. 009491 
    NW   0. 004398 0. 002546 0. 003704 0. 000810 0. 000000 0. 000000 0. 000000 0. 000000 0. 011458 
   NNW   0. 002546 0. 001273 0. 004630 0. 000463 0. 000000 0. 000000 0. 000000 0. 000000 0. 008912 
     N   0. 001852 0. 001042 0. 000694 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 003588 
 
  CALM                                                                           0. 017940 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
  TOTAL  0. 029977 0. 012963 0. 023495 0. 002083 0. 000000 0. 000000 0. 000000 0. 000000 0. 086458 
 
   MEAN WI ND SPEED ( m/ s)  = 2. 00 
  NUMBER OF OBSERVATI ONS = 747 
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                     PASQUI LL STABI LI TY CLASS ' C'  
 
                        Wi nd Speed Cl ass ( m/ s)  
 
             0. 50     1. 50     3. 00     4. 50     6. 00     7. 50     9. 00  GREATER 
 WI ND         TO       TO       TO       TO       TO       TO       TO     THAN 
SECTOR       1. 50     3. 00     4. 50     6. 00     7. 50     9. 00    10. 50    10. 50    TOTAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
   NNE   0. 000694 0. 001505 0. 001968 0. 001505 0. 000000 0. 000000 0. 000000 0. 000000 0. 005671 
    NE   0. 001505 0. 000579 0. 001852 0. 000463 0. 000000 0. 000000 0. 000000 0. 000000 0. 004398 
   ENE   0. 001273 0. 000694 0. 000926 0. 001157 0. 000000 0. 000000 0. 000000 0. 000000 0. 004051 
     E   0. 002778 0. 001157 0. 001389 0. 001042 0. 000463 0. 000000 0. 000000 0. 000000 0. 006829 
   ESE   0. 003009 0. 001389 0. 001042 0. 001389 0. 000347 0. 000000 0. 000000 0. 000000 0. 007176 
    SE   0. 001852 0. 002315 0. 000926 0. 001505 0. 000347 0. 000000 0. 000000 0. 000000 0. 006944 
   SSE   0. 002315 0. 000926 0. 002546 0. 001389 0. 000347 0. 000000 0. 000000 0. 000000 0. 007523 
     S   0. 001042 0. 000000 0. 001273 0. 000810 0. 000347 0. 000000 0. 000000 0. 000000 0. 003472 
   SSW   0. 000926 0. 000116 0. 000347 0. 000116 0. 000000 0. 000000 0. 000000 0. 000000 0. 001505 
    SW   0. 001042 0. 000579 0. 000000 0. 000000 0. 000000 0. 000347 0. 000000 0. 000000 0. 001968 
   WSW   0. 001157 0. 002546 0. 000116 0. 001389 0. 000116 0. 000000 0. 000000 0. 000000 0. 005324 
     W   0. 000810 0. 002431 0. 000810 0. 003356 0. 000231 0. 000116 0. 001273 0. 000000 0. 009028 
   WNW   0. 001968 0. 001273 0. 002431 0. 004282 0. 001736 0. 000926 0. 000810 0. 000347 0. 013773 
    NW   0. 001852 0. 001852 0. 004514 0. 006019 0. 000810 0. 001273 0. 000347 0. 000000 0. 016667 
   NNW   0. 002199 0. 002199 0. 002662 0. 004861 0. 000231 0. 000347 0. 000000 0. 000000 0. 012500 
     N   0. 001736 0. 000926 0. 001389 0. 001505 0. 000000 0. 000000 0. 000000 0. 000000 0. 005556 
 
  CALM                                                                           0. 036806 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
  TOTAL  0. 026157 0. 020486 0. 024190 0. 030787 0. 004977 0. 003009 0. 002431 0. 000347 0. 149190 
 
   MEAN WI ND SPEED ( m/ s)  = 2. 86 
  NUMBER OF OBSERVATI ONS = 1289 
 
 
 
 
                     PASQUI LL STABI LI TY CLASS ' D'  
 
                        Wi nd Speed Cl ass ( m/ s)  
 
             0. 50     1. 50     3. 00     4. 50     6. 00     7. 50     9. 00  GREATER 
 WI ND         TO       TO       TO       TO       TO       TO       TO     THAN 
SECTOR       1. 50     3. 00     4. 50     6. 00     7. 50     9. 00    10. 50    10. 50    TOTAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
   NNE   0. 000000 0. 000926 0. 001968 0. 001620 0. 001042 0. 000347 0. 000000 0. 000000 0. 005903 
    NE   0. 000000 0. 001852 0. 001736 0. 001273 0. 001042 0. 000347 0. 000000 0. 000000 0. 006250 
   ENE   0. 000000 0. 000810 0. 002431 0. 002778 0. 006250 0. 000694 0. 000694 0. 000000 0. 013657 
     E   0. 000000 0. 001852 0. 001157 0. 003241 0. 006134 0. 002431 0. 000347 0. 000000 0. 015162 
   ESE   0. 000000 0. 003588 0. 001968 0. 003241 0. 002431 0. 001042 0. 000000 0. 000000 0. 012269 
    SE   0. 000000 0. 003935 0. 001736 0. 002546 0. 000347 0. 000694 0. 000347 0. 000000 0. 009606 
   SSE   0. 000000 0. 001852 0. 003125 0. 002083 0. 004167 0. 002778 0. 001389 0. 000694 0. 016088 
     S   0. 000000 0. 001042 0. 001505 0. 001852 0. 002083 0. 002431 0. 000000 0. 000347 0. 009259 
   SSW   0. 000000 0. 000579 0. 000347 0. 000231 0. 000000 0. 000000 0. 000000 0. 000000 0. 001157 
    SW   0. 000000 0. 000694 0. 000000 0. 000000 0. 000694 0. 000694 0. 000000 0. 000000 0. 002083 
   WSW   0. 000000 0. 000579 0. 000579 0. 001042 0. 001620 0. 001042 0. 000347 0. 000000 0. 005208 
     W   0. 000000 0. 001157 0. 001157 0. 003935 0. 016435 0. 007176 0. 003588 0. 001042 0. 034491 
   WNW   0. 000000 0. 002083 0. 002546 0. 010995 0. 022338 0. 013310 0. 007523 0. 003472 0. 062269 
    NW   0. 000000 0. 001852 0. 007176 0. 017245 0. 023843 0. 021644 0. 004861 0. 004514 0. 081134 
   NNW   0. 000000 0. 001968 0. 006250 0. 008218 0. 014005 0. 006713 0. 002778 0. 000347 0. 040278 
     N   0. 000000 0. 000694 0. 003125 0. 004167 0. 002083 0. 002083 0. 000000 0. 000000 0. 012153 
 
  CALM                                                                           0. 000000 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
  TOTAL  0. 000000 0. 025463 0. 036806 0. 064468 0. 104514 0. 063426 0. 021875 0. 010417 0. 326968 
 
   MEAN WI ND SPEED ( m/ s)  = 6. 35 
  NUMBER OF OBSERVATI ONS = 2825 
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                     PASQUI LL STABI LI TY CLASS ' E'  
 
                        Wi nd Speed Cl ass ( m/ s)  
 
             0. 50     1. 50     3. 00     4. 50     6. 00     7. 50     9. 00  GREATER 
 WI ND         TO       TO       TO       TO       TO       TO       TO     THAN 
SECTOR       1. 50     3. 00     4. 50     6. 00     7. 50     9. 00    10. 50    10. 50    TOTAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
   NNE   0. 000000 0. 001620 0. 001505 0. 000347 0. 000000 0. 000000 0. 000000 0. 000000 0. 003472 
    NE   0. 000000 0. 000926 0. 001736 0. 000347 0. 000000 0. 000000 0. 000000 0. 000000 0. 003009 
   ENE   0. 000000 0. 002199 0. 002546 0. 002662 0. 000000 0. 000000 0. 000000 0. 000000 0. 007407 
     E   0. 000000 0. 004398 0. 002199 0. 001389 0. 000000 0. 000000 0. 000000 0. 000000 0. 007986 
   ESE   0. 000000 0. 005440 0. 002199 0. 002199 0. 000000 0. 000000 0. 000000 0. 000000 0. 009838 
    SE   0. 000000 0. 004861 0. 002199 0. 000463 0. 000000 0. 000000 0. 000000 0. 000000 0. 007523 
   SSE   0. 000000 0. 002315 0. 001968 0. 000694 0. 000000 0. 000000 0. 000000 0. 000000 0. 004977 
     S   0. 000000 0. 001620 0. 001157 0. 000116 0. 000000 0. 000000 0. 000000 0. 000000 0. 002894 
   SSW   0. 000000 0. 000463 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000463 
    SW   0. 000000 0. 000347 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000347 
   WSW   0. 000000 0. 000347 0. 000000 0. 000694 0. 000000 0. 000000 0. 000000 0. 000000 0. 001042 
     W   0. 000000 0. 001389 0. 001505 0. 001042 0. 000000 0. 000000 0. 000000 0. 000000 0. 003935 
   WNW   0. 000000 0. 000579 0. 003704 0. 005324 0. 000000 0. 000000 0. 000000 0. 000000 0. 009606 
    NW   0. 000000 0. 001620 0. 007755 0. 006944 0. 000000 0. 000000 0. 000000 0. 000000 0. 016319 
   NNW   0. 000000 0. 002199 0. 006713 0. 004514 0. 000000 0. 000000 0. 000000 0. 000000 0. 013426 
     N   0. 000000 0. 002894 0. 003125 0. 002662 0. 000000 0. 000000 0. 000000 0. 000000 0. 008681 
 
  CALM                                                                           0. 000000 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
  TOTAL  0. 000000 0. 033218 0. 038310 0. 029398 0. 000000 0. 000000 0. 000000 0. 000000 0. 100926 
 
   MEAN WI ND SPEED ( m/ s)  = 3. 59 
  NUMBER OF OBSERVATI ONS = 872 
 
 
 
 
                     PASQUI LL STABI LI TY CLASS ' F'  
 
                        Wi nd Speed Cl ass ( m/ s)  
 
             0. 50     1. 50     3. 00     4. 50     6. 00     7. 50     9. 00  GREATER 
 WI ND         TO       TO       TO       TO       TO       TO       TO     THAN 
SECTOR       1. 50     3. 00     4. 50     6. 00     7. 50     9. 00    10. 50    10. 50    TOTAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
   NNE   0. 007292 0. 003935 0. 003935 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 015162 
    NE   0. 006250 0. 003819 0. 001273 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 011343 
   ENE   0. 005440 0. 006829 0. 005093 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 017361 
     E   0. 008333 0. 012384 0. 006019 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 026736 
   ESE   0. 009144 0. 007870 0. 002199 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 019213 
    SE   0. 006829 0. 006481 0. 002546 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 015856 
   SSE   0. 005556 0. 004282 0. 002199 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 012037 
     S   0. 000694 0. 001852 0. 000579 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 003125 
   SSW   0. 000810 0. 000694 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 001505 
    SW   0. 002431 0. 000347 0. 000347 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 003125 
   WSW   0. 001273 0. 000694 0. 000694 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 002662 
     W   0. 001273 0. 002199 0. 002431 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 005903 
   WNW   0. 003356 0. 002083 0. 006713 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 012153 
    NW   0. 002894 0. 005208 0. 007407 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 015509 
   NNW   0. 006713 0. 002662 0. 006134 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 015509 
     N   0. 007407 0. 007639 0. 009028 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 024074 
 
  CALM                                                                           0. 114005 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
  TOTAL  0. 075694 0. 068981 0. 056597 0. 000000 0. 000000 0. 000000 0. 000000 0. 000000 0. 315278 
 
   MEAN WI ND SPEED ( m/ s)  = 1. 59 
  NUMBER OF OBSERVATI ONS = 2724 
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                   ALL PASQUI LL STABI LI TY CLASSES 
 
                        Wi nd Speed Cl ass ( m/ s)  
 
             0. 50     1. 50     3. 00     4. 50     6. 00     7. 50     9. 00  GREATER 
 WI ND         TO       TO       TO       TO       TO       TO       TO     THAN 
SECTOR       1. 50     3. 00     4. 50     6. 00     7. 50     9. 00    10. 50    10. 50    TOTAL 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
 
   NNE   0. 007986 0. 009028 0. 010417 0. 003472 0. 001042 0. 000347 0. 000000 0. 000000 0. 032292 
    NE   0. 009028 0. 007639 0. 007407 0. 002083 0. 001042 0. 000347 0. 000000 0. 000000 0. 027546 
   ENE   0. 007986 0. 011458 0. 012153 0. 006597 0. 006250 0. 000694 0. 000694 0. 000000 0. 045833 
     E   0. 013426 0. 020139 0. 011111 0. 005787 0. 006597 0. 002431 0. 000347 0. 000000 0. 059838 
   ESE   0. 015162 0. 018519 0. 008333 0. 006944 0. 002778 0. 001042 0. 000000 0. 000000 0. 052778 
    SE   0. 011806 0. 018750 0. 010069 0. 004514 0. 000694 0. 000694 0. 000347 0. 000000 0. 046875 
   SSE   0. 010764 0. 009375 0. 010069 0. 004167 0. 004514 0. 002778 0. 001389 0. 000694 0. 043750 
     S   0. 003819 0. 004861 0. 004514 0. 002778 0. 002431 0. 002431 0. 000000 0. 000347 0. 021181 
   SSW   0. 002778 0. 002431 0. 000694 0. 000347 0. 000000 0. 000000 0. 000000 0. 000000 0. 006250 
    SW   0. 005208 0. 002778 0. 000347 0. 000000 0. 000694 0. 001042 0. 000000 0. 000000 0. 010069 
   WSW   0. 005556 0. 005208 0. 002778 0. 003125 0. 001736 0. 001042 0. 000347 0. 000000 0. 019792 
     W   0. 003125 0. 008333 0. 007639 0. 008333 0. 016667 0. 007292 0. 004861 0. 001042 0. 057292 
   WNW   0. 009375 0. 007986 0. 019560 0. 021181 0. 024074 0. 014236 0. 008333 0. 003819 0. 108565 
    NW   0. 011111 0. 014236 0. 030556 0. 031019 0. 024653 0. 022917 0. 005208 0. 004514 0. 144213 
   NNW   0. 013194 0. 011458 0. 026389 0. 018056 0. 014236 0. 007060 0. 002778 0. 000347 0. 093519 
     N   0. 011806 0. 013542 0. 017361 0. 008333 0. 002083 0. 002083 0. 000000 0. 000000 0. 055208 
 
  CALM                                                                           0. 175000 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
  TOTAL  0. 142130 0. 165741 0. 179398 0. 126736 0. 109491 0. 066435 0. 024306 0. 010764 1. 000000 
 
   MEAN WI ND SPEED ( m/ s)  = 3. 56 
  NUMBER OF OBSERVATI ONS = 8640 
 
 
 
 
  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
  FREQUENCY OF OCCURENCE OF STABI LI TY CLASSES 
  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
    A :  2. 1% 
    B :  8. 6% 
    C :  14. 9% 
    D :  32. 7% 
    E :  10. 1% 
    F :  31. 5% 
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Figure 1  
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    FIGURE  2 


