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1. THE POINT-SOURCE MODEL IMMPROG-P (-K,-G)

1.1. Possible applications 

The point-source model IMMPROG-P works in a similar manner to the Gaussian model described in TA-LUFT ([12]). The model is able to calculate immission concentrations for as many receptor points as you like from so many sources you wish if the emission amount, the source coordinates and the necessary meteorological parameters are known. In addition to that, IMMPROG-P deduces NO2-immission concentrations from NOx-calculations. A further refinement of the TA-LUFT model results in IMMPROG-P considering inversion data and performing topography-corrections in complex terrain. Besides warm exhaust used in TA-LUFT [12] IMMPROG-P can also work with cold ejected exhausts (vertical jet). IMMPROG-P is particularly suited to the calculation of immission concentrations resulting from point-sources associated with domestic heating, industrial chimneys and ventilation shafts from vehicular tunnels. A further application is in the modeling of immission concentrations resulting from emissions at tunnel exits/entrances . Area-sources can also be calculated.
IMMPROG-P is not suited to the calculation of immission concentrations resulting from line sources. For streets in flat topography AirInfo offers IMMPROG-H, for street-canyons IMMPROG-C. Yet one single, user-friendly menu guides you through all IMMPROG-programs.
IMMPROG-A = IMMPROG-P for Austria.
The smell-model IMMPROG-G is described separately. The first part of IMMPROG-G, however, offers the same functions as the point-source model.

In IMMPROG-K, the immission concentrations arising from point-source emissions are calculated as described in IMMPROG-P; immission concentrations arising from line source emissions are calculated as described in IMMPROG-H.

[image: C:\Eigene Dateien\gauss.bmp]

Fig.1.1: The Gauss'ian Plume Model. Dispersion of air pollutants in the lee of a point-source (see [9]).
1.2. Model theory

The following descriptions are largely based on TA-LUFT [12]:

                      103          Q                 y2           
(1.1)   C(x,y,z) =  ___________  ________  exp   - _____
                    3600  2   uh y z       [   2 y2 ]         


                                (z-h)2               (z+h)2     
                         exp  - _____      + exp   - _____      
                      [   [ 2 z2]       [ 2 z2 ]]


x,y,z [m]: Cartesian co-ordinates of the receptors (= points) in dispersion-direction (x), orthogonal to the dispersion direction, horizontally (y) and vertically (z) (see figure 1.1).

C(x,y,z) [mg/m3]: Mass concentration of air pollutants (contribution to the immission concentration) at the receptor with co-ordinates (x,y,z) for each individual dispersion situation.

z  [m]: Height of receptor above ground.

Q [g/h]: Emission mass flux of the emitted air pollutant from the emission source. The factor used for the conversion from NO into NO2 for the emission of nitrogen oxides (NOx) differs from TA-LUFT by being distance dependent:
Distance from the source-point:
      < 100 m:		conversion	45.0%
    100-150 m:		conversion 	52.5%     (NO2/NOx in percentages by volume)
    150-200 m:		conversion	60.0%
    200-250 m:		conversion	62.5%
    250-300 m:		conversion	65.0%
    300-400 m:		conversion	67.5%
        > 400 m:		conversion 	70.0%

h [m]: Effective source-height, see section 1.2.1 and 1.2.2.

y,z [m]: Horizontal and vertical dispersion parameters. You can define an initial sigma-value in IMMPROG-P for large chimney diameters, or take into consideration turbulence caused by vehicle-movement at tunnel exits/entrances. This sigma-initial-value will be added to y  and z!



1.2.1. Calculation of the effective source height for warm exhaust (TA-LUFT)

The superelevation of the exhaust-plume (ü), resulting from the sum of the effective source-height (h) [in m] and the chimney-height (H), is calculated from the emitted heat current (M), the source-distance (x) and the wind-speed (uH) at the chimney entrance according to the following formula:

Instable temperature layer (dispersion classes 1 (V in the TA-LUFT scheme) and 2 (IV)):

(1.2)  üla(x) = 3.34  M1/3  x2/3  uH-1    (with üla(x) + H smaller or equal 1100m)


For M greater than 6 MW the following is valid:

xmax(la1) = 288  M2/5 and  ümax(la1) = 146  M3/5  uH-1   (with ümax(la1) + H smaller or equal 1100m )

For M smaller than or equal to 6 MW the following is valid:

xmax(la1) = 195  M5/8  and  ümax(la1) = 112  M3/4  uH-1   (with ümax(la1) + H smaller or equal 1100m )


Neutral temperature layer (dispersion classes 3 (III/2) and 4 (III/1)):

(1.3)   ün(x) = 2.84  M1/3  x2/3  uH-1    ( with ün(x) + H smaller than or equal to 800m )

For M greater 6 MW the following is valid:

xmax(n1) = 210  M2/5  and  ümax(n1) = 102  M3/5  uH-1     (with ümax(n1) + H <= 800m )

For M smaller than or equal to 6 MW the following is valid:

xmax(n2) = 142  M5/8  und  ümax(n2) = 78.4  M3/4  uH-1    (with ümax(n2) + H <= 800m )


Stable temperature layer (dispersion classes 5 (II) and 6 (I)):

(1.4)   üst(x) = 3.34  M1/3  x2/3  uH-1   

For dispersion class 6 the following is valid:

xmax(st1) = 104  uH  and  ümax(st1) = 74.4  M1/3  uH-1/3

For dispersion class 5 the following is valid:

xmax(st2) = 127  uH  and  ümax(st2) = 85.2  M1/3  uH-1/3






The emitted heat current (M) in [MW] is calculated according to the following formula:

(1.5)   M = 1.36  10-3  R  (T - 283) 

With R [m3/s]: Flow rate of the exhaust in normal state
T [K]: Temperature of the exhaust in Kelvin

If the dispersion conditions accompanying the emissions are not known in detail, the chimney-height (H) of the emission-source is set equal to the effective source-height (h).


1.2.2. Calculation of the effective source height for cold, ejected exhaust (vertical jet) (HANNA scheme [6])

The superelevation of the exhaust (ü) which is made up of the effective source-height (h) [in m] together with the chimney-height (H), is calculated from the chimney-diameter, the speed with which the exhaust is emitted, and the wind-speed at height (H) according to the following formula:

(1.5)   ü = 3    D    ((vA/u) - 1)   

With
D : 	Chimney-diameter [m]
vA: 	Exhaust emission-speed [m/s]
u: 	Wind-speed at the emission-height H [m/s]

This formula is valid for neutral dispersion conditions. For instable classes ü is superelevated by 25%, for stable classes it is reduced by 25%. The effective exhaust (H+ü) must not be more than 200 m.

1.2.3. Dispersion parameters

According to the dispersion class, the dispersion parameters y and z  in formula 1.1 have to be set depending upon the distance (x) as follows:

(1.6)   y = Fxf    und   z = Gxg

You can take the values for the coefficients F and G and for the exponents f and g from table 1.1:



                 Dispersion classe
     6       5       4       3       2       1  
F: 1.294   0.801   0.640   0.659   0.876   1.503    h <  50m
   0.253   0.411   0.504   0.466   0.324   0.170    h = 100m
   0.310   0.310   0.320   0.360   0.400   0.400    h > 150m

f: 0.718   0.754   0.784   0.807   0.823   0.833    h <  50m
   1.057   0.882   0.818   0.866   1.025   1.296    h = 100m
   0.710   0.710   0.780   0.860   0.910   0.910    h > 150m

G: 0.241   0.264   0.215   0.165   0.127   0.151    h <  50m
   0.717   0.487   0.265   0.137   0.070   0.051    h = 100m
   0.060   0.060   0.220   0.330   0.410   0.410    h > 150m

g: 0.662   0.774   0.885   0.996   1.108   1.219    h <  50m
   0.486   0.652   0.818   0.985   1.151   1.317    h = 100m
   0.710   0.710   0.780   0.860   0.910   0.910    h > 150m


Table 1.1: Values for the coefficients F, f, G and g as a function of the dispersion class and the height h. 100 m is obtained from linear interpolation between 50 and 150 m (F,G:logarithmic; f,g: linear).



1.2.4. Wind speed

The wind speed ua is the mean at anemometer-level za (10 m above ground in IMMPROG-models) over a time-period of 10 to 60 minutes. A calculating value uR is assigned to the wind speed ua as follows:


	ua [m/s]     	calculating value uR [m/s]
	____________________________
	  <   0.8           	0.8           
	  > 10.0         	2.0           

 (In the remaining cases the true value is used (unlike TA-LUFT)).

The wind speed uh to be set in formula 1.1 is calculated from uR as follows:

(1.7)   uh = uR (h/za)m       ( za: level of the anemometer in [m] above ground )


The wind speed uH, which is required in order to determine the effective source-height h, is calculated from uR according to formula 1.8:

(1.8)   uH = uR (H/za)m


For chimney-heights H and for effective source-heights h greater than 200m, the wind speed uH or uh is set equal to 200m. m must be set for each dispersion class as follows:

Dispersion class 1:  m=0.09
Dispersion class 2:  m=0.20
Dispersion class 3:  m=0.22
Dispersion class 4:  m=0.28
Dispersion class 5:  m=0.37
Dispersion class 6:  m=0.42


If the winds in the METEO-file (hours or classes) have been measured at a different level than 10 m they should be extrapolated by the user according to formula 1.9 to the 10m-level:

(1.9)   u = u10  (z/10)p 

Table 1.2 shows the values for the exponent p as a function of dispersion class and topography.



 Dispersion class	1		2	3	4	5	6
_____________________________________________________________________________
p (urban)	0.15	0.15	0.20	0.25	0.40	0.60
p (rural)	0.07	0.07	0.10	0.15	0.35	0.55

Table 1.2: Values for the exponent p of the logarithmic wind profile (formula 1.9)



1.2.5. Determining the dispersion classes

The determination of the dispersion classes can be performed according to the TA-LUFT scheme (see section 6.3).



1.2.6. Inversion heights

If inversion heights exist below 1000 m above ground in a meteo-file (hours or classes), they will be taken account of in the model calculation by reflecting the Gaussian plume at the inversion layer (see FILLIGER [4]).

                      103          Q               y2           
(1.10)  C(x,y,z) =  _________  ________  exp   - _____       
                    3600  2   uh y z      [  2 y2]         


                 n=+           (z-h+2nzi)2              (z+h+2nzi)2  
                        exp  - __________     + exp   - __________    
                 n=- [  [   2z2     ]     [    2z2     ]]



IMMPROG-P calculates with n from -2 to +2 !
With zi [m]: inversion height.

1.2.7. Topography correction

A topography-correction of the effective source-height is necessary in complex terrain. In IMMPROG-P the following topography-correction in the HANNA-scheme ([6]) for stability classes 1 to 4 is applied (not for stable cases !):

(1.11)   hkorr:= h + (hQ-hR)/2               hkorr must not be smaller than h/2.

With
hQ: 	Height at the source in [m] asl (chimney foot)
hR: 	Receptor height in [m] asl
h: 	Effective source-height [m]
hkorr: 	Effective, topography-corrected source-height [m]






Figure 1.2: Modification of pollutant-plumes over complex topography (Rezeptor=receptor; Quelle=Source). 


1.2.8. Dust

The immission-concentration for dust is calculated according to formula (1.1) and multiplied by a factor S, where S takes the following value:
                                                     __________
                         2  Vdi        x  1                 h2             
(1.12)   S = exp  -     __  ___    ____    exp  -  ______     d 
                [    uh     0  z()      [    2z2()] ]              


The dust-depositions are calculated according to formula (1.13):


                           4                  
(1.13)   d(x,y) = 86400     Vdi  Ci(x,y,z)
                          i=1                 

A typical value for the deposition velocity Vdi is 70 mm/sec (see TA-Luft [12]). If you want to take into consideration interception impaction  and wet deposition, you should increase the deposition velocity by a factor of 10 or more.


1.2.9. Area sources

Area sources are modelised in IMMPROG as point-souces.
25 point-sources are calculated, situated over the hole area, if 
a) the emissions-amount >5g/h, an area-site is greater than 300m or the receptor is less than 2.5 km away, else with a single point-source, situated in the centre.
b) the emissions-amount <5g/h, an area-site is greater than 300m or the receptor is less than 1.25 km away, else with a single point-source, situated in the centre.
The pointsources are created as warm sources with the following values:
y is arised with 4, z with 2;
Volume stream:=emission quantity*0.28 [m3/s]; for one single point source (optimised  mode), the volume stream is increased by a factor 2.5.
Recommended temperature: 10.5 degrees...


1.2.10: Obstacles In the P-Model:

Obstacles can be taken into account solely by the P-model, and not by the combined K-model.
They have an influence on the calculated result if the distance between the receptor and the source is smaller than 1.7 times the height of the obstacles. The plume will then earlier reach the ground, and the immission concentrations can be equal to 4 times the concentration of an undisturbed situation.
A maximum of 50 obstacles can be handled by IMMPROG-P.
IMMPROG distinguishes the following cases: (HH: obstacle height, HK: chimney height)
                                                              ____
a) HH>HK: y is increased by  h/  

b) HH<HK: see c);
                                                                             ___
c) (HH+1.5*h)>=HK: y is increased by h/  *((HH+1.5*h - HK)/1.5h).
z:=y

where
h:=min(HH,LB)
l: length, b: width of the obstacle
and LB:=l*sin(Alpha)+b*sin(Alpha)
where Alpha: angle between the wind direction and the obstacle’s longest side.
Literature: refer to [17].


THEORY: CHAPTER 1: THE POINT-SOURCE MODEL IMMPROG-P (-K, -G)

2. THE Highway Model IMMPROG-H (-K)


2.1. Possible applications 

Line-source models or 'Highway'-models calculate the dispersion of air pollutants in the lee of roads with frequent heavy traffic (with a highway being considered as a continuously emitting line source). Most Highway-diffusion models, including IMMPROG-H, are based on the Gaussian model. IMMPROG-H can be used for streets in flat terrain (including streets in slight cuttings). The model hasn't been developed for complex terrain.

When simulating the dispersion process, traffic-induced turbulence and light-wind conditions are taken into account within the routines. Thus IMMPROG-H is very similar to the HIWAY-2-model of the U.S. Environmental Protection Agency. But in addition to that, IMMPROG-H offers an improvement of the light-wind correction, calibrated with extensive immission measurements (see ESTERMANN [3]). Furthermore, IMMPROG-H is able to calculate the NO2-immission concentrations from NOx. IMMPROG-H aims to, and has been optimised to predict NO2/NOx, but can be used to predict other inert air pollutants.

IMMPROG-H can be applied for receptor-sites up to several 100 m from the street. If receptors lie within the street, IMMPROG-H can model the immission concentrations of receptors at 1 cm distance from the street. For streets in a cutting, the immission concentrations can only be calculated outside the cutting.  The model can calculate as many  streets or street-sections as you like (with a maximum of 6 lanes each).

IMMPROG-K calculates immission concentrations for emissions from line-sources, as described above for IMMPROG-H, and for emissions from point-sources, as described in IMMPROG-P.



2.2. Model theory

2.2.1. Calculation of the air pollution concentration

Since the emission from each vehicle cannot be taken into consideration, line-source models calculate using a  mean emission-amount, Q, for each section. A section is created by dividing the lane length into single parts which can be considered as point-sources and treated according to the following equation:


                         106         Q                  y2           
(2.1)   C(x,y,z,H) = __________  ___________  exp   - _____     
                     3600  100   2 uh y z      [ 2 y2]          


                                (z-h)2               (z+h)2     
                         exp  - ______     + exp   - ______     
                      [   [ 2 z2]       [  2 z2 ]]


x,y,z 	Co-ordinates [m]
C     	Immission concentrations [mg/m3]
Q   	Emission strength at point (x,y,z)  [g/h/100m]
z    	Height above ground [m]
h     	Effective source-height (exhaust-height, at 0.3 m in IMMPROG-H)
uh    	Mean wind-speed [m/s]
y    	Standard deviation of the concentration-distribution in the horizontal plane [m]
z    	Standard deviation of the concentration-distribution in the vertical plane [m]


IMMPROG-H starts with separate lanes for even-level-streets. Each of them is modeled as an individual, steadily emitting line-source. For streets in a cutting, the model treats the cutting as an area-source which is simulated, independent from the number of lanes, as 10 line sources with equal emission strength. 
The estimated total concentration for each lane is obtained by the addition of the amounts of the individual sections. The therefore used method is the numeric integration (Trapezformula). The basic equation used by IMMPROG-H is as follows:

                    D
(2.2)     C = qL   fdL
                 0    


f is the point-source dispersion equation (formula 2.1). D is the length of the street between the street ends, dL is the length of the section, and qL is the emission rate (this is calculated internally within the model from the indicated emission amounts).

In contrast to the modeling of an infinite line-source, no diffusion equations from y == - bis + are integrated; the street is divided into single point-sources. The bigger calculation-effort is reflected in more precise results and a wider application (crossroads, streets with many bends).

2.2.2. Calculation of the emission amount Q

IMMPROG-H and IMMPROG-C require your input of the emission for each lane in [g/h/100m]. The emission quantity, Q, must be calculated based on the way of driving and the different categories of vehicules from the emission factors of the BUWAL in [g/km/vehicle] (see [1] and [22]), where the emission factors are defined for different types of vehicles and speeds according to the following formula (see OPTION Menu / Emission-Calculation):


            n  EFi  VAi
(2.3)   Q =   ________
           i=1    10


Q : 	Emission amount for each lane in [g/h/100m]
EF:	Emission factor in [g/km/vehicle] for a certain speed of vehicle type i.
VA: 	Traffic amount (number of vehicles) for each hour and lane.
i : 	Vehicle type.

The lane numbering is from the left to the right, on looking from the start to the end of the street. Any orientation of the street may be chosen.

The program will cause an error, if the starting and end points of the street are identical. If a receptor-height is set less than zero it is automatically reset to zero. If the receptor lies within the street, the concentration is calculated for a receptor at an assumed distance at 1 cm from the street. 


2.2.3. Extrapolation of the wind to 2 m above ground

The meteo-files read in by IMMPROG-H contain wind data measured at the 10 m-level. However, the model-calculation of the concentrations is based on wind-measurements at the 2 m-level. For this reason the wind-speed at 10 m (u10m) is internally converted to the 2 m-level (u2m) with the empirically deduced power-approach of the wind-profile  (u2m corresponds uh in equation 2.1):

(2.4)  u2m = u10m  (2/10)p    

You will have to set the following values for the exponent p:0.15 (instable), 0.20 (neutral) and 0.37 (stable).

An analogous correction for the wind-direction is not performed as its variation with height may be neglected.

2.2.4. Light-wind correction

The following wind-speed correction for light winds is used in IMMPROG-H:

(2.5)   ucorrected = C  u0.164  cos2


C:	A constant depending upon traffic-speed. For average to fast traffic speed (with IMMPROG-H-
applications) it is set to 1.85.
: 	Angle between street and wind-direction.

The above mentioned correction approximately represents the change of the mean wind-field caused by the passing vehicles. Its effect is greatest with parallel-winds, but it will not affect winds blowing perpendicular to the street. A further correction has become necessary as a result of comparison of the model results with extensive immission measurements in the Swiss Basin (see ESTERMANN [3]): The corrected wind-speed ucorrected is set to a minimum value umin in IMMPROG-H, depending upon the extrapolated wind-speed u at 2 m above ground  as follows:  


(2.6)   If u  0.4   and   ucorrected < 0.8:   umin:= 0.8   [m/s]

        If u > 0.4   and   ucorrected < 1.2:   umin:= 1.2   [m/s]



2.2.5. Traffic induced turbulence

In addition to the transport, the diffusion near a street is very important, hence the importance of the correct choice of the dispersion parameters z and y. IMMPROG-H uses initial values for the dispersion parameters z and y, taking into account the turbulence caused by traffic. The total dispersion parameter t is calculated according to 2.7 (see [10]):

   ____________________
(2.7)   t =  (a2 + 02)

a: Dispersion caused by atmospheric turbulence
0 : Dispersion caused by traffic

The proportion of the vertical dispersion parameter 0  induced by traffic is determined from the wind-speed and -direction and must be at least 1.5 m. This is approximately the height of small vehicles. Thus, 0  will have its greatest value for low wind-speeds and winds blowing parallel to the street.
a  can be calculated in an analogous way to that described in 1.2.1.3 using a power-relationship. The coefficients, however, differ from those given in table 1.1, as they take into account the specific dispersion-conditions along a street (see [10]).



2.2.6. Stability classes

The stability class (= dispersion class) should be determined according to the Pasquill-method or another related approach (see chapter 6). Since IMMPROG-H only differentiates between the 3 classes instable, neutral and stable, this classification can be reduced to just 3 classes (instable: classes 1, 2 and 3; neutral: class 4; stable: classes 5 and 6). If your stability class input is smaller than 1 and greater than 6 it will automatically be set to 3 or 5, respectively, in the program.

2.2.7. Mixing height

The mixing height is the most insensitive quantity of all meteo input-parameters in IMMPROG-H. If your input is incorrect, or if the input is missing, the program will set the mixing-height automatically to 1000 m.


2.2.8. NO2-proportion of NOx

IMMPROG-H enables you to determine the ratio of NO2/NOx immission concentrations. This calculation aims at determining the NO2/NOx-ratio in percentage by volume for individual cases, such as published by BUWAL (see [5]). Thus the NO2-ratio is determined dependent upon the NOx-concentration close to a street, the ozone impact, the distance from the street, the wind-direction and street-width:

(2.8)   100  [NO2]/[NOx] (x) = a - b  exp(-x/c)

With:
a = 73.0 + (NO2s  0.34)
b = a - NO2s
c = 2270 / NO2s
x: Distance from the road side
NO2s = a0 + d  exp(- ([NOx0] f) / g)      (= ratio of NO2/NOx at the road side in percentages by volume)
NOx0: NOx-road side concentration in [ppb]
a0 = 2% (NO2-ratio, being the case near the exhaust fumes)
d = 0.051037 + (0.71052  [O3]) - (0.0020699 × [O3]2)
f = 0.86599 + (0.0012216  [O3]) + (0.0000012007 × [O3] 2)
g = 154.87 + (1.3654  [O3]) + (0.017905 × [O3] 2)
[O3]: Ozone-background concentration in [ppb] (in [g/m3] in IMMPROG-models). The conversion from
 [g/m3] into [ppb] is automatically performed within the calculations of IMMPROG-H).

The NO2-ratio close to a street (NO2s) is valid for a street with four lanes and a wind-direction crosswind to the street (i.e. an angle of 45 degrees between the street and the wind). For narrow streets with less than 4 lanes this ratio is multiplied by a factor of 0.9. A corresponding correction is performed for very wide streets. If the wind blows parallel to the street the above ratio is linearly interpolated between 0.85 and 1.15.
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3. THE STREET-CANYON MODEL IMMPROG-C

3.1. Possible applications

The line-source model IMMPROG-C is based on a research report by GEOMET [13]. Thus the model description is largely based on this research report. The modifications by AirInfo, however, are described in section 3.2.7.

IMMPROG-C is an empirical model capable of calculating traffic-induced immission concentrations of inert air pollutants in street-canyons. The street-canyon should ideally be enclosed and have equally high buildings on each side. This condition is fulfilled by approximately three quarters of all street-canyons in cities. IMMPROG-C can work with as many straight street sections as you like, with up to 4 lanes in each street.
Besides modeling inert air pollutants IMMPROG-C can also model NO2-immission concentrations.

Beim Screening-Modell IMMPROG-S-C werden pro Strasse nur 2 Rezeptoren berechnet, und zwar gemäss der 23.BImSchV (Bundesimmissionsschutzverordnung) auf einer Höhe von 2m und in 3 Meter Entfernung von der jeweils äussersten Fahrspur gegen den Gehsteig und in mindestens 1m Entfernung von den Gebäuden.  Der höhere der beiden Immissionswerte ist dann für die Strasse relevant (d.h. der Rezeptor auf der der Hauptwindrichtung zugewandten Strassenseite). 
Es gelten folgende Grenzwerte:
NO2:     160 ug/m3 (98-%-Quantil aller Halbstundenwerte eines Jahres).
Russ:        8 ug/m3     (ab. 1.7.1998, arithmetischer Jahresmittelwert).
Benzol:   10  ug/m3    (ab. 1.7.1998, arithmetischer Jahresmittelwert, bis 1.7.1998: 15 ug/m3)

Mit dem Screening-Modell können erste Abschätzungen gemacht werden, in welchen Strassen z.B. Messungen vorgenommen und in Deutschland allenfalls Massnahmen gemäss Paragraph 40 Absatz 2 Satz 1 des Bundes-Immissionsschutzgesetzes geprüft werden sollen. 






Figure 3.1: Wind-directions in a street-canyon, calculated using the Hotchkiss and Harlow box-model.
(B: width of the canyon   H: height of the houses (Hl: at the left side, Hr:at the right side)   ub:windspeed,  
 E: emission-line)







3.2. Model theory

3.2.1. Model conception

IMMPROG-C calculates the total concentration in a street-canyon as a sum of three part concentrations:

 (3.1)   Ct = Cp + Cr + Cb

The total immission concentration Ct at a receptor is the direct influence Cp of the source, the recirculated concentration Cr and the background concentration Cb. Cp and Cr are determined for each lane (up to 4) and summed. If a street has more than 4 lanes, the two lanes with the smallest emissions must be summarized. The direct impact of air pollutants Cp at a receptor of interest is determined with a Gaussian plume approach. The recirculated portion in the street-canyon Cr is determined using a box-model approach.


3.2.2. Wind components across (Hotchkiss and Harlow box-model) and along the street

Wind-channel investigations have shown that turbulence is created for a broad air direction of around 20 to 90 degrees to the emission-line (90°= perpendicular to wind) within the street-canyon. Both the wind-components u, w  in the rectangular area to the street are only determined from the street-width, the street-height and and the maximum wind at the upper limit of the street-canyon:


             u0                       b (1 - kz')                
(3.2)   u = _____      g (1 + kz') - ___________      sin(kx)  
            1 - b   [                  g      ]                     


              u0  kz'          b              
(3.3)   w = - _______    (g - __ )    cos(kx) 
               1 - b           g              

Where
u0: 	Wind-speed pushing the turbulence [m/s] over the canyon at x = B/2 und z = H.
k = 	 / B
b = 	exp(-2kH) 
g = 	exp(kz')
z' = 	z - H
x, z: 	Co-ordinates [m]. Origin at the bottom left hand corner of the street-canyon (looking towards the end of the street).
B: 	Width of the street-canyon [m]
H: 	Height of the street-canyon [m]

ub in figure 3.1 is the component of the wind-speed perpendicular to the street at the emission-line-level (0.3m), mean from the canyon-broadth.

IMMPROG-C uses the following simple formula to determine the wind component parallel to the street v(z) (the wind data are previously converted from the standard-level at 10 m above ground to the 'over-roof-level):


                     ln ((z + z0)/z0)
(3.4)   v(z) = vR   ________________ 
                     ln ((zR + z0)/z0)

With
z : Height above ground [m]
vR: Over-roof (= height of the street-canyon + 8.5m) wind-speed-component [m/s]
z0: Roughness-length for the relevant wind-direction sector [m].
zR: Height of the over-roof-measurement [m] (= height of the street-canyon  + 8.5m)

As a function of the wind-direction, IMMPROG-C can take into consideration 12 different roughness-lengths for each street (twelve 30-degree sectors)



3.2.3. Turbulence modelling

The following empirical expression describes the turbulence-field in the street-canyon in terms of the standard deviation of the wind direction as a function of the over-roof wind and the global radiation.


                                              ______________________
(3.5)   i = f(x,z)  (Am  (sR2 + a2  vR2) + As  S + Ac )

With
i: 	Wind direction fluctuation [m/s]
i: 	u, v or w (wind components in x, y, and z-direction)
Am,,a:	Dimensionless parameters
As: 	Coefficient which takes into account the turbulence-increasing influence of the global radiation 	[m3/kW/s]
Ac: 	Constant [m/s]
sR: 	Over-roof component across the street [m/s]
vR: 	Parallel to the street over-roof component [m/s]
S: 	Global radiation [kW/m2]

Table 3.1 presents the optimum parameter values for the turbulence field according to 3.5 (after [13]):


Turbulence-
component      u         v         w         uw 
______________________________________________________
Am             0.127      0.188      0.136      0.131
a              0.636      0.770      0.793      0.714
Ac [m/s]       0.171      0.234      0.176      0.174
As [m3/kW/s]   0.360      0.880      0.444      0.399
f(15m,Luv)     1.000      1.000      1.000      1.000
f(4m,Luv)      0.648      0.880      0.708      0.677
f(15m,Lee)     0.774      0.881      0.810      0.792
f(4m,Lee)      0.619      0.886      0.576      0.597


Table 3.1: Parameter values for the turbulence field in the street-canyon (formula 3.5)

Studies in a wind tunnel have shown that the -turbulence parameters calculated with (3.5) must be modified as a function of the height-/width -ratio of the street canyon. The following is valid for the multiplier TF (turbulence factor):

(3.6)     	TF = 0.12  (B/H) + 0.87			for B/H < 3
        	TF = 1.23				for B/H > 3


3.2.4. Recirculation of air pollutants

As a result of the box-approach (see section 3.2.2; figure 3.1), part of the emitted air pollutants remain as a consequence of the turbulence in the street canyon. The immission concentration at a receptor can be influenced quite strongly by the recirculated air pollutants.

The model used gradually allows the removal of Cr as a consequence of the turbulent and diffuse exchange at the upper border of the canyon. The circulation of the air masses in the street canyon is endlessly repeated and is described using the following approach:


                Q                              Q          F   
(3.7)   Cr = _______   (F + F2 + F3 + ...) = _______    _____    
             ub (B/2)                         ub (B/2)   1 - F 

With
Q: 	Emission [mg/m/s]     (IMMPROG-C-input: [g/h/100m])
B : 	Width of the street canyon [m]
ub: 	Wind speed component close to the ground surface (see section 3.2.2.)
F : 	Recirculated mass portion (calculated according to formula 3.8)


(3.8)   F = exp (-ts/)

With

ts =	2H/ub		Time constant
 =	(2)  H / wt	Charact. stay of the air pollutants in the canyon
H  : 			Height of the canyon [m]
wt:	w at level z = H (see section 3.2.3)


3.2.5. Direct air pollution contribution (Gaussian model)

According to 3.1 this section describes the calculation of the direct influence Cp of the emission source on the receptor concentration.

The vertical dilution of the air pollutants is calculated according to formula 3.9:
_____
(3.9)  z(x') = Hl/(2) wb  x'/u 

With
u: 	Mean wind speed at the bottom of the canyon (0.3 m above ground) in [m/s]. u is composed of 
wind components ub and vb (ub: wind component normal to the street - see figure 3.1; vb is the 
parallel-to-the-street-wind component according to 3.4)
x': 	Distance to the line source in wind direction [m]
Hl: 	Depth of the mixing layer caused by traffic-turbulence (assumption Hl = 3.66)
wb:	for emission height z = 0.3m (see section 3.2.3)



A Gaussian plume model is used to calculate the direct immission contribution. It simulates the line source as the sum of point sources. When wind coming from the side the solution of the integral is time consuming. Therefore a function f( ') is introduced which describes also the diffusion normal to the wind y(x') as a function of the wind-coming-degree  ' of the emission line. f( ') is approximated for the lee- and luv-range (see figure 3.1) in the street canyon as follows:


(3.10)   f(')Lee  1                 für ub  ub
                   (1 + ub/ub)/2    für ub < ub

         f(')Luv  0                 für ub  ub
                    (1 - ub/ub)/2   für ub < ub

ub:	see section 3.2.2
ub:	u for emission height z = 0.3m (see section 3.2.3)

In order to retain a clear structure in this section, only the solution of the Gaussian integral is presented (here for a detailed proof, see WIEGAND and GARBEN [13]). The direct influence of the source at the receptor is determined as follows:

                       Q  f(')             
(3.11)   Cp = ___________________________ 
               ______
              (2)  z  (|xR - xS|)  ub  


                       (zR-zS)2                      (zR+zS)2     
         exp  -0.5  _____________    + exp  -0.5  ____________ 
       [  [     z2 (|xR-xS|)]     [     z2 (|xR-xS|)]]          


With
Q: 	Emission [mg/m/s]      (IMMPROG-C-Input: [g/h/100m])
f('): 	according  (3.10)
z: 	according  (3.9)
xR,zR: 	x,z-co-ordinates of the receptor
xS,zS: 	x,z-co-ordinates of the emission line (zS = 0.3m)
ub: 	see section 3.2.2


9.2.6. NO2 concentrations

The simulation of the NO2-immission concentrations requires the calculated NOx-immission concentrations and the background concentration measured at over-roof level for NO, NO2 and O3.
An empirical quantity R is defined describing the relationship between NO, O3 and NO2 outside the street canyon.

(3.12)   R = [NO]B  [O3]B / [NO2]B 

It is assumed that the relationship deduced from the over-roof measurements is also valid within the street canyon. In addition to that, however, the NOx-emissions and the rapid NO-oxidation performed by ozone, should be taken into consideration, resulting in a simple algebraic expression containing both b and c values. They are:

	b = [NO]B + [O3]B + R + [NO]V		c = [O3]B  [NO]V - R  [NO2]V 

[   ]B: Background concentration.
[   ]V: Immission concentrations directly caused by traffic.


The traffic-induced NO2-impact [NO2] V  is automatically set at 7% of the NOX-immission concentration (given as NO2). Thus it is equal to the emission ratio of both gases:

	[NO2]V   = 0.07  [NOX]V 		and therefore    [NO]V   = 0.93  [NOX]V  

The proportion produced by chemical conversion [NO2]X is calculated as follows:

                 ______________
(3.13)   [NO2]X = 0.5  (b -  (b2 - 4c))

The entire NO2-immission concentration NO2 is the sum of the direct NO2-immission concentration [NO2]V, the conversion-proportion [NO2]X and the background concentration [NO2]B.


(3.14)   NO2 =  [NO2]V  + [NO2]X + [NO2]B


3.2.7. Characteristics and simplifications

This section outlines the IMMPROG-C modifications of the GCPB-II model described below (performed by AirInfo) and informs you of general IMMPROG-C characteristics.

IMMPROG-C has been written according to the 'GCPB-II' model documented in the research report of GEOMET (WIEGAND and GARBEN [13]). As  contained in the above mentioned report, IMMPROG-C contains restrictions and simplifications in attempting to simulate complex dispersion in street canyons:
The reader is reminded that no general turbulence theory in street canyons exists. The algorithms used in the model have been developed from extensive measurements in Cologne and Berlin and wind tunnel studies.
As a result of analysis of the available measurements, the following restrictions need to be remembered:
  Validity for wind speeds > 1 m/s
  Turbulence-induced bouancy can be neglected
  Calculation in a vertical two-dimensional plane


IMMPROG-C simulates immission concentrations for up to  15’000 receptors within up to 15’000 straight street sections which can have up to 4 lanes each. Concentrations outside the street canyon cannot be calculated! 
The surface roughness z0, influencing the wind component parallel to the street in the canyon (see 3.2.2), can be specified for each street section in twelve 30-degree wind direction sectors (0o-30 o , 30 o -60 o , ...).
IMMPROG-C can work with classified wind directions and wind speeds, shortening the calculation time considerably.

The relationship (3.5) to determine the turbulence parameters has been developed empirically from the measured global radiation values. If no measurements are available IMMPROG-C can automatically generate global radiation values as a function of the time of day and time of year. However, measured global radiation values can significantly improve the quality of the calculations.

The calculation of the NO2-immission concentration requires background concentrations of NO, NO2 and O3 measured at roof top (see section 3.2.6). You are highly recommended to use measurements as model input, if available. If there are no measurements available IMMPROG-C can generate typical urban concentration cycles (diurnal- and annual variations) for NOx, NO2 and O3. The NO-background can be determined either as a function of the time of day or year from the NO2-background, or be determined directly from cycle values.

The above mentioned GCPB-II model has been developed and calibrated using half-hourly data of intensive field experiments. Applying the model with hourly-values should not have a significant effect on the results. This is because the change of the time-scale of a half-hourly mean to an hourly mean is not relevant for the processes used in the model algorithms.

GCPB-II contains a two step procedure to determine the direct influence of the emission source: A first (as described in 3.11), and a second pollution plume are calculated. The plume axis of the second plume is directed vertically upwards at the lee-wall of the canyon. The larger of the two direct immission concentrations is used to determine the total immission concentration (see WIEGAND and GARBEN [13]: page 209).
IMMPROG-C will only calculate the first plume. Firstly, the receptors close to the street (small z-co-ordinate) will nearly always have higher immission concentrations. Secondly, the high receptors will mainly be influenced by the recirculated air pollutant Cr. In addition, much calculation time can be saved using this restriction.

The winds should be measured at standard level (10m above ground) away from obstacles (outskirts of the town and so on). IMMPROG-C will extrapolate the wind data as a function of atmospheric stability according to formula (3.15) to the so-called 'roof top'-level (8.5m above the mean building-height of the canyon). This level represents the starting-level for the model-input.

WIEGAND and GARBEN [13] refer to wind tunnel studies which show that the wind speed at 26.5m above ground, with a building-height of circa 18m is reduced by approximately 10% compared to the unaffected wind.
Therefore, the wind speed u10 (10m-level) will first be extrapolated to the height z (roof top). This value is multiplied by 0.9:

(3.15)   u = 0.9  u10   (z/10)p 

The exponent p depends upon the dispersion class (see table 3.2). Besides this wind-extrapolation, IMMPROG-C does not need dispersion classes. In order to retain this advantage, the exponent p is parameterized as follows:




	    u10  1 m/s  and   global radiation   250W:	p = 0.60
	                       global radiation  > 250W:	p = 0.30

	1 < u10  3 m/s  and   global radiation   250W:	p = 0.30
	1 < u10  3 m/s  and   global radiation  > 250W:	p = 0.20

	3 < u10     m/s  and   global radiation   250W:	p = 0.20
	3 < u10     m/s  and   global radiation  > 250W:	p = 0.15



3.3. Calculation of the emission quantity Q

Like IMMPROG-H, IMMPROG-C requires the input of the emission amount per lane in [g/h/100m]. The emission amount Q must be calculated, based on the way of driving and the different categories of vehicules from the emission factors of the BUWAL in [g/km/vehicle] (see [1] or [22]) which have been defined for different vehicle types and speeds, according to the following formula (see OPTION/ Emission calculation):



             n  EFi  VAi
(3.16)   Q =   ________
            i=1    10

Q : 	Emission amount per lane in [g/h/100m]
EF: 	Emission factor in [g/km/vehicle] for a certain speed of vehicle-type i.
VA: 	Traffic amount in number of vehicles per hour and lane.
i : 	Vehicle type.
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4. THE SMELL MODULE IMMPROG-G

4.1. Possible applications

IMMPROG-G is an additional module for the IMMPROG-P and can predict molestations by smell. There are two calculation methods: The VDI- model corresponds to the statistics model that is described in the VDI-guidelines [15], the factor10-model corresponds  to TA-LUFT [1] .

IMMPROG-G (VDI) is suitable for the prognosis in distances from originator of 100 to 3000 m and for  chimney heights of 5 to 70 m. IMMPROG-G calculates the length of time with smell molestations, once without an evalutation and once with one.
IMMPROG-G is not suitable for individual case studies! We strongly recommend first to get accustomed to IMMPROG-P and to carefully study the user's manual.
IMMPROG-G can be used with the same user surface as IMMPROG-P. All the preconditions described are vallid, following points have to be especially taken into account (in the following only the differences to IMMPROG-P are described!):



4.2.1 Differences between IMMPROG-G (VDI) and IMMPROG-P:

In the menu COURSE  the Emission-Course described correspond to the length of the emission factor r in accordance with VDI guideline [15]; Calculations are to be done Without Inversion in order to find a correspondence with TA-LUFT. The choice in the other COURSE-menus is unimportant for IMMPROG-G!
In the START-Window the substance of the smell flow in the Emission-source-file (PLAN) has to be entered in [MGE/h] instead of the emission amount in [g/h]. 
In the Topography-Menu selection is to be made without TOPOGRAPHY in order to achieve correspondence with TA-Luft.

In the Result-File the un-evaluated length of time with smell molestation in [%] stands in place of immission without background, the evaluated time in [%] stands in place of immission with background.
When for example at a certain time, the first value is 13% and the time evaluated factor is set at 20%, this hour is regarded as unpolluted, the second value is then 0% ;
On the other hand a first value of 23% would lead to a second value of 100%.The time evaluation factor is set at 6 minutes or 10% of the set time. 
IMMPROG calulates according to the DISSIPATION-MATRIX described in the VDI guideline [15].


4.2.2. Differences between IMMPROG-G (Factor 10) and IMMPROG-P:

This model corresponds to the TA-LUFT. The emissions amounts are multiplicated by factor 10 amd für each Meteo-Case compared with the limiting value; The numbers of exceeding this value is the smell molestation in % 
In the der Resultats-File you find instead of the without background the length of time with smell molestation [%].


4.3.1: Theory (VDI)

The section on theory is described in the green VDI-guideline [2]. This guideline corresponds to a draft and not to the official print. You will be informed of any changes between draft and the official book and minor program alterations will be carried out free of charge. For copyright reasons the theory is not being printed again in this section.
When starting the smell module the immission values are therefore calculated first as in IMMPROG-P and finally converted in accordance with VDI page 5. Parallel to this the variation coefficient e is calculated. Thereafter the remaining calculations in accordance with VDI [2] are carried out. 

Use the  VDI or the factor 10?
IMMPROG G (VDI):
chemney height  H>30m: 	all distances
chemney height H<=30m: 	up to  700m distance
IMMPROG G (Factor10):
chemney height H<=30m: all distances

4.3.2: Theorie (Faktor10) 

The theory ist described in  TA-LUFT [ ]. 
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5. IMMPROG-M: a simple ression-model for streets without houses around

5.1. Possible applications

IMMPROG-M permittes a first very rough estimation of immissions caused by streets.  
See:  „Merkblatt über Luftverunreinigungen an Strassen, MLuS-92, der Forschungsgesellschaft für Strassen- und Verkehrswesen, 1992, Köln“ [18];

The following pollutions can be calculated:
NO2, NO, CO, SO2, HC, Pb (Blei), H6C6 (Benzol)

The following rules are to be considered:
Receptor-distance from street max.200m; street with at least  5000 vehicules/24h; 
Speed minimum PKW 50 km/h, maximum LKW 80 km/h;
Years of prognoses 1995-2000;
Street without houses around:

Careful: METEOROLOGY  isn’t considered, neither the TOPOGRAPHY!!!!!!!


5.2: Theory

See „Merkblatt über Luftverunreinigungen an Strassen, MLuS-92, der Forschungsgesellschaft für Strassen- und Verkehrswesen, 1992, Köln“ ;
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6. Dispersion classes in IMMPROG-P and -H

6.1. Dispersion classes - Why?

The specific siting of a receptor such as a valley, a slope or a hill may be associated with a certain behaviour of the meteorological parameters, thus characterizing the dispersion conditions for that site. When planning new projects being emittents of air pollutants, a detailed knowledge of the dispersion conditions is necessary.

The dispersion conditions are normally determined from the combined distributions of the sum-frequency of wind-direction, wind-speed, and dispersion classes. A number of schemes are proposed to calculate the dispersion classes, usually generating six to seven dispersion classes. These range from extremely instable (class A or 1), to neutral (class D or 4) and extremely stable (class F or 6). The dispersion classes thus give information on the relative turbulence of the atmosphere, with the meteorological parameters necessary for the class limits varying between the different schemes. These dispersion classes are a useful approximation since a direct measurement of turbulence is not usually performed due to the high costs involved.

This section will describe the different types of dispersion class calculation schemes, and the schemes relevant for IMMPROG (i.e. schemes based on TA-LUFT and on PASQUILL-TURNER will be thoroughly discussed).



6.2 Classification of dispersion classes schemes

The dispersion conditions at a specific site will mainly be determined by the general state of turbulence within the atmospheric boundary layer during the emission process. The turbulence in the atmospheric boundary layer can be divided into dynamically induced turbulence and thermally induced turbulence.

The dynamical turbulence is determined from the wind-speed and the surface roughness. The latter is parameterized using the roughness length z0. The thermal turbulence and hence convective activity of the atmospheric boundary layer is determined from the atmospheric stability and depends on the input of solar radiation or radiation balance.

The surface roughness contributes directly to the generation of turbulence via a site-specific, direction-dependant constant. Atmospheric stability and wind-speed, however, are influenced by the climatic variables such as geographical latitude, sun height, topography, exposition, height above sea level, and cloud cover, and are thus highly variable in both time and space.

As mentioned above the dispersion conditions are usually described by six different dispersion classes. In order to determine the classes a number of schemes exist using several meteorological parameters. They result in divergent frequency distributions of the dispersion classes for the same site and time. In theory it is not possible to convert one scheme into another.

Boundary layer theory defines specific measures such as the Richardson-Number (Ri) or the Monin-Obukhov-Length (L), which permit a categorisation of atmospheric turbulence. Since the data necessary to determine these measures will not be available in most cases, many schemes to determine the dispersion classes are based on other data which can be measured easily and routinely. Depending upon the composition of the input parameters, the schemes can be divided into three groups:


(A) Determining dispersion classes from horizontal (and/or vertical) wind-direction fluctuations.

(B) Determining dispersion classes from the vertical temperature gradient  (often together with the wind-direction).

(C) Determining dispersion classes from wind-speed, cloud cover and altitude of the sun.

ad (A): This approach is generally agreed to be the most successful method, thus acting as a reference in the literature by which the other schemes are compared and assessed. Because the fluctuations of wind-direction can seldom be deduced from routinely measured data, the classes must be determined by a different method.

ad (B): The accuracy of this approach, explicitly considering wind-speed, is debateable. In most cases, however, the wind-speed is integrated into the scheme, resulting in plausible results. This approach delivers a suitable division in the neutral / very stable range, but is less recommended in the very instable / neutral range.
However, the data base is mostly insufficient both for (A) and (B): Although the vertical temperature gradient can be obtained from intense field experiments (e.g. using a vertical sounding system) meteo masts would actually be needed to generate data of adequately fine time and spatial resolution to describe the vertical temperature profile.

ad (C): This approach only uses routinely measured data, can be determined easily and is therefore commonly used. The TA-LUFT and TURNER determination schemes belong to this group.
It must be noted that different roughness lengths (z0) will only effect the classification in approach (A). This is due to the high correlation between the fluctuations of wind-direction (standard deviations of the wind-direction) and the surface roughness. Approaches (B) and (C) only indirectly incorporate surface roughness and may lead to inaccurate results for extreme sites.


6.3. Determining dispersion classes using the TA-LUFT scheme

6.3.1. The TA-LUFT scheme

The German 'Technische Anleitung zur Reinhaltung der Luft' (TA-LUFT) was published in 1974, a revised version following in 1986 and 1994 (see [12]). It contains a scheme which enables the determination of dispersion classes based on wind-speed, cloud-cover,  and instead of sun  elevation (see C above)) the time of day and year. 

The dispersion classes thus determined are modified for those hours around sunrise and sunset so as to take account of their transitional character in relation to the radiation balance.
It is necessary to rename the dispersion class I to V defined in TA-LUFT for the IMMPROG simulations into class 6 to 1:



		TA-LUFT Scheme 	IMMPROG	TURNER	Scheme
very instable		V		1		1 or A		very instable
instable			IV		2		2 or B		instable
neutral-instable		III2		3		3 or C		slighlty instable
neutral-stable		III1		4		4 or D		neutral
stable			II		5		5 or E		slightly
stable
very stable		I		6		6 or F		stable
							7 or G		very stable

Table 6.1: Scheme dependent breakdown of the dispersion classes. Dispersion class 7 according to the TURNER scheme is commonly grouped with class 6.


For each site (or emission source) the dispersion class must be calculated hourly from the meteorological parameters in order to create reasonable dispersion statistics. For the TA-LUFT scheme these parameters are wind-speed, cloud cover, time of day and time of year.

Cloud cover data is usually of insufficient time resolution. As a first step in determining the dispersion classes it is suggested that cloud cover data from representative neighbouring sites available on an hourly resolution be interpolated for use at the site in question.

6.3.2. Simplification of the TA-LUFT scheme

For the determination of dispersion classes, TA-LUFT stipulates that in cases with complete cloud cover exclusively consisting of high cirrus clouds, the value for cloud cover should be reduced by 3/8.
The proportion of the low and middle cloud cover, Nh, of the total cloud cover N, must be known in order to judge whether high clouds alone are present. In principle the value of Nh is available for all Swiss ANETZ-sites, but often it is not available on the same time resolution as the total cloud cover data.

Using a determination of the dispersion classes without Nh-values bein available, a study on the dispersion climate in central Switzerland [11] has investigated the effect of the previously mentioned reduction of the total cloud cover by 3/8 for high cirrus clouds. The class-distribution with and without this prescription was analysed for the three Swiss ANETZ-sites PAYERNE, WYNAU and GUTSCH (sites with a good time resolution for cloud cover data). The class frequencies are shown to vary by a negligible amount. The modified dispersion class calculation (without Nh) resulted in slightly higher proportions of the neutral classes (3 and 4) at the expense of the instable (1 and 2) and very stable classes (6). For sites experiencing stronger winds, the differences diminish almost completely.

Result: The above cited prescription may be removed when simplifying the determination of the dispersion cells after TA-LUFT.


6.4. Determining dispersion classes using the PASQUILL-TURNER scheme

In 1964 TURNER modified a basic scheme developed by PASQUILL by replacing the subjective division of the solar input into 'strong-medium-weak' in the PASQUILL-scheme with an objective radiation-balance-index (NRI). The determination of the classes using the TURNER scheme can be performed in two steps as follows:


I. Determination of a radiation-balance-index NRI (N=total cloud cover) 


 a)  For N = 8 and cloud base  H < 7000 ft			NRI = 0

      b)  During the night with  N  2/8				NRI = -2
           During the night with  N  3/8				NRI = -1

      (c) NRI is determined from the altitude  of the sun according to the following scheme 
	60°  <  						NRI = 4
	35°  <      60°						NRI = 3
	15°  <      35°						NRI = 2
	                15°					NRI = 1

	With  cloud cover N > 5/8 this index is modified as follows: 
(1)   H < 7000 ft and Nh > 5/8				NRI = NRI - 2
(2)   H  7000 ft and Nh < 5/8				NRI = NRI - 1
(3)   H > 7000 ft and N = 8					NRI = NRI - 1
(4)   If NRI < 1						NRI = 1


II. Determination of dispersion classes

The stability class is determined from the radiation-balance-index NRI and wind-speed according to table 6.2. The notation of the seven classes is given in table 6.1.


wind-speed 		radiation-balance-index NRI
[knots]			4	3	2	1	0	-1	-2
____________________________________________________________________
0 and 1				1	1	2	3	4	6	7
2 and 3				1	2	2	3	4	6	7
4 and 5				1	2	3	4	4	5	6
6				2	2	3	4	4	5	6
7				2	2	3	4	4	4	5
8 and 9				2	3	3	4	4	4	5
10				3	3	4	4	4	4	5
11				3	3	4	4	4	4	4
12 and more			3	4	4	4	4	4	4
_____________________________________________________________________

Table 6.2: Determination of dispersion classes from the radiation-balance-index and wind-speed using the PASQUILL-TURNER scheme.

The determination of the sun-altitude from the geographical latitude, month, day, and hour is defined. Creating hourly data records of the total cloud cover N, the level of cloud cover resulting from low and medium clouds Nh and the cloud-base H necessary for the PASQUILL-TURNER scheme often requires time-consuming conversions and data-interpolations. In a study on the dispersion climate in central Switzerland [11] the dispersion classes for one year have been determined using both the TA-LUFT and TURNER schemes, based on meteorological data from the four ANETZ-sites PAYERNE, WYNAU, GUTSCH and ZURICH. The result of both schemas differ considerably: TA-LUFT is more likely to classify meteorological conditions as stable compared to TURNER. GUTSCH, with its very strong winds, shows nearly identical frequencies for both schemes. They are characterized by a symmetric distribution and a very high proportion of neutral hours (class 4).

This detailed analysis confirms the following assumption:

(1) The TA-LUFT classification scheme is less sensitive to low wind-speeds; night-hours with low wind-speed are assigned to stable dispersion classes, independent of other meteorological parameters. As a result the frequency-distributions for the light-wind sites in the Swiss Basin (ZURICH, PAYERNE and WYNAU) are always a skewed a little to the left (favoring stable conditions). Sites experiencing strong winds such as GUTSCH, by contrast, show a symmetric distribution.

(2) The distribution curves from the TURNER scheme for the three stations in the Swiss Basin show a typical knick with low values for class 5. You can see in table 10 that the dispersion classes 7, 6 and 5 can only be assigned to night-hours (NRI = -1 or -2). Low wind-speeds force a class-distribution  with a modal value 6 for the night-hours. The curve will only flatten with higher wind-speeds (e.g. GUTSCH).

6.5. Summary and conclusions

In a summary, the classification of meteorological data into dispersion classes is scheme dependent.

Because IMMPROG-P is based on the prescriptions of TA-LUFT the dispersion calculations for IMMPROG-P applications must be determined with the TA-LUFT-scheme (figure 6.1).

When applying IMMPROG-H the classes must be determined according to the PASQUILL-TURNER scheme. This is because IMMPROG-H has been based on the American HIWAY-2-model which in turn is based on PASQUILL-TURNER dispersion calculations.
If temperature data at two levels are available (e.g. 10 and 25 m above ground) the dispersion classes for IMMPROG-H can also be determined using the temperature-gradient method (see ESTERMANN [3]).

(IMMPROG-C calculates without dispersion classes, and the influence of atmospheric stability on dispersion in street-canyons can be neglected, due to the mixing of air resulting from the movement of vehicles and flow around buildings. Hence no air temperature stratification can occur in street-canyons.)

In applying dispersion models, it is recommended that proof be given of the consistency of the method of determining dispersion classes (model input) and parameterization of z and y (in the model). The sigma values z and y are standard deviations, being a quantitative measure of the pollutant's plume in the models.

AirInfo is happy to perform the respective studies and data preparations for you.




CHAPTER 6: DISPERSION CLASSES

7.0 NOx->NO2 TRANSFORMATION ACCORDING TO Emch+Berger

The transformation according to the method developed by Emch+Berger is implemented in IMMPROG as follows: 
Select pollutant NO2 Type c or d.
(An ulterior transformation is also provided by IMMPROG: First compute immission concentration for NOx, then  select in the Result-file FILE-Window  EDIT / NOx==>NO2 TRANSFORMATION).
The following text explains the transformation of NOx into NO2 as implemented in IMMPROG: (theoretical background: refer to [16]).

(GI.7.1)		NO2	=	(X1  -	(X12  -  4X2) 1/2) / 2   where
	X1  =	(3.3 . 10-2 . A + 6 . 10-2 . B . A) . NOx
		+ 3 . 10-2 . A . O3HG - 1.5 . 10 -3 . A. NOXHG  
		+ 3 . 10-2 . A . NO2HG + A . (1.9  +  B)
	X2  =	(3  .  10-2  .  B  .  A  .  NOX  +  3  .  10-2  .  A  .  O3HG
		-  1.5  .  10-3  .  A  .  NOXHG +  3  .  10-2  .  A  .  NO2HG  +  B  .  A)  .  NOX
		-  5  .  10-2  .  A  .  NOXHG  +  A  .  NO2HG
	A  =	1 / (3  .  10-2  .  B  +  3.3  .  10-2)
	B  =	1.5  .  10-2  +  (6.0 / O3HG)

The ozone background concentration is an input value, calculated from the background concentration NO2HG specified by the user at a specific site, using the following formulas:

(GI.7.2)		O3HG  =	78  -  NO2HG  .  (1.4  -  1  .  10-2  .  NO2HG)

As previously mentioned, the total concentration belonging to a particular background concentration NO2HG can be obtained by first entering values for O3HG (equation 7.2) and NO2HG in equation 7.1 (here, NOX = NOXHG and NO2 = NO2HG), and then searching a solution for NOXHG. 
The computer model automatically determines the values for both NOXGH and O3GH from the NO2 background concentration. 
It is certainly possible to include measured background concentrations for all those variables, but this kind of data is generally not available.


7.3	95-Percentile

To calculate 95-percentile of the immission concentration, we recommend to execute the following steps:
	-calculate the 95-percentile of the additional pollution of NOx.
	-estimate the NO2/NOx-transformation-factor for calculated 95-percentiles of immission 
	concentrations based on the measured 95-percentiles for NO2 and NOx of a representative 
	measurement station.
	-the result is an estimated 95-percentile of the additional pollution with NO2.
	-the 95-percentile of the total pollution depends on the statistical distribution of both the 
	background concentration and the additional pollution (immission concentration). It may not  
	be obtained by a simple addition of the 95-percentiles of the background concentration 
	and additional pollution.
IMMPROG calculates all percentiles according to the aforementioned scheme.


THEORIE-KAPITEL 7: NOx->NO2 TRANSFORMATION ACCORDING TO Emch+Berger
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