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ABSTRACT

A FORTRAN-Tanguage computer program has been developed to estimate mixing
height values for use in the Empirical Kinetic Modeling Approach/Ozone Isopleth
Plotting Package (EKMA/OZIPP). This program uses temperature, pressure and
height values measured at a surface site, and from atmospheric vertical profiles
(e.g., radiosondes). The manual contains instructions on how to use the program,
including a description of the data needed, how to format the data, and an

explanation of the output from the program. Examples of input and output are

also included.
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1.0 INTRODUCTION

This FORTRAN Janguage computer program has been developed specifically to
estimate mixing height values needed by the Empirical Kinetic Modeling Approach/
Ozone Isopleth Plotting Package (EKMA/OZIPP). The program was written in standard
FORTRAN and tested on a UNIVAC 1100 computer system. Urban temperature and
pressure values and data from a nearby upper air sounding site are used to
estimate mixing height values for the urban area. This program enables non-
meteorologists to estimate mixing heights from available data without using
complex graphs or methods. The program statements are provided in Section 7.0
and a punched-card deck of the program may be obtained by writing or calling:
Mr. Robert F. Kelly, U.S. Environmental Protection Agency, Office of Air Quality
Planning and Standards, Mail Drop 14, Research Triangle Park, North Carolina

27711, (919) 541-5522.

2.0 METHOD USED

Mixing heights can be found by following a series of mathematical steps
(1ike the example in Figure 1) or from a graph of temperature plotted against
height or pressure (such as the graph in FigureIZ). The mathematical method can
be a long, tedious procedure. The graphical method, while easier to do, is less

precise.

This program applies the mathematical version of the graphical method and is
based on the steps in Figure 1. Measurements of temperature and pressure at the
surtace and at levels aloft are used to calculate values of potential temperature

with height, as needed by the procedure. Potential temperature is a meteorological



Step 1| -- For reference, the information 2t the top of Table A-4 should be 1isted
(e.g., date, city, etc.). If the mrning mixing height is to be calculated, the 0800 LCT
surface data are uysed, If the maximm mixing height {s to be calculated, the data cor-
responding to the time of maximum temperature (i.e., between 800-1800 LCT) are used. In
the row labeled URBAN SURFACE DATA, enter the following information: 1) the elevation of
the urban temperature site in meters above sea level; 2) the surface pressure in m{llibars
(this value is Psfc); and 3) the surface temperature in degrees Celsus (°C).

Convert the surface temperzture in column four to degrees Xelvin {*°K) by 2dding
273.2, and enter the result in column five. This value is Tsfc(‘K).

Use Equation 1 below and the values just entered to ca'i.cu}ate the potential
temperature at the surface (Os.fc in *K to the nearest 0.1°K) and enter this values under
columm six "Q(*X)°".

(4n mb) -0.286

p
Oepe (10 %) = T (i )| 2o )

Step 2 -~ Using the temperature sounding data, find the hichest pressure level other
than the sounding’s surface value that is less than the pressure at the urban surface.*
From this pressure level on the sounding, enter the height (if listed), pressure and
temperature (in °C) into the row marked “(2)* on Table A-4,

Step 3 - Convert the tesmperature at this Jevel to the Kelvin scale and enter in
column 5, Compute the potentisl tagerature (6.) to the nearest 0.1°K using the pressure
(P, in mb) and temperature (‘I’p in *X) at this 1Bvel in Equation 2 below:

-0.286
) @

. - Y P (in mb
Gp (in *x) Tp {(4n K)( =

ngf")fhe value of Op found from Equation (2) into the same row under the column labeled
*e(*K})".

Step 4 - If the potential temperazture, "G," of the last row that was entered is
grezter than the potential temperature §_._, and this is the first level above the surface,
then 250 meters should be used as the mi3ifg height. Otherwise, oo to Step 5. If it is
less than or equal t0 0 ¢+ then enter the height (1f given), pressure and temperzture of
the next. lowest pressuri fevel found on the sounding {ntc the next row of Table A-d anc
return to Step 3.

Step 5 -~ The mixing height {s between the last two levels entered ints Tabie A-4, If
height values are given for both of these levels, the elevation of the mixing height can be
found using Step 6, If one of the levels does not have 2 height value, use iinear inter-
polation to find the pressure value for the potential temperature velue of ¢ + 0.1°%K,
Enter this pressure valus intc the row marked "MIXING HEIGHT" at the bottom 5fcTable A
under the column "PRESSURE in mb." Proceed to Step 7, :

Step § -- From the two levels where height is given on the sounding surrounding the
mixing height level, use linear interpolation to find the height (in meters ASL) at the
value @_, + 0.1°K ({.e., the potential temperature ©¢ at the mixing height). Enter the
value féaﬁd by linear interpolation into the row labeled "MIXING HEIGHT" under the column
*HEIGHT (mASL{_' and proceed to Step 8.

Step 7 — Use Tinear {nterpolation to find the height above sea level of the mixing
height using the pressure at the mixing height (found in Step 5) and the pressure levels on
the sounding above and beiow the mixing height pressure that have both pressure and height
values. Enter the height vaiuve found into the row "MIXING HEIGHT* under the column marked
"HEIGHT, (mASL}" and proceed to Step &.

Step 8 -~ Subtract the elevation of the urban site (mASL) from the height (mASL) of
the mixing height. The result is the height of the mixing height in meters above the
surface of the city (mAGL). Enter this value into Table A4,

NOTE; Despite the fact that pressure and height, and potential temperature and
height, are not 1inearly related, linear interpolation does not produce
significant errors over the limited ranges used above.

* For example, 1f the urban surface pressure is 985 mb, and the sounding pressures are:
1005, 1000, 9€3, 850 mb, etc., 963 mb {s the "highest pressure level that {s less than
the pressure at the urban surface.® 850 mb is the “next lowest pressure level™ needed
in Step 4.

Figure 1. Example of a Step-by-step Mathematical Method for Estimating
Mixing Heights

b
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Figure 2. This is a graphical example of the method in Figure 1. The solid
1ine is the temperature sounding and the dashed line is the tempera-
ture the surface air (X)) would have at different pressures (rising
without exchanging heat with surrounding air). The air from the
surface will rise as long as it is warmer (i.e., less dense) than
the surrounding air. The mixing height according to this method is
where the air rising from the surface becomes colder (i.e., denser)
than the surrounding air and will not rise further.



term for the temperature a parcel of air would have if it were moved vertically,
without exchanging heat with the surrounding air, to a pressure of 1000 milli-
bars. The calculated potential temperature of the surface air is compared with
the potential temperature calculated for the sounding level nearest to the
surface (i.e., layer 1). If the potential temperature at the surface is greater
(i.e., warmer) than the potential temperature of layer 1, the surface air will
rise through that layer because warm air is less dense than cold air. The
potential temperature is computed for the next highest layer of air (i.e.,

layer 2) and all the layers above it (i.e., layers 3, 4, etc.) until a layer is
found that has a potential temperature warmer than the surface potential tempera-
ture. When the gir rising from the surface enters a layer of air that is warmer
(i.e., less dense) than it is, the surface air will stop rising. This altitude
is the upper limit of the mixing of air from the surface and is called the
mixing height. The height of the top of this well-mixed layer will determine
the vertical extent to which poliutants emitted near the earth‘s surface will pg

diluted.

The program described herein defines the mixing height as the lowest altitude
where the potential temperature is greater than the surface potential temperature.
If a sounding has height values for all the pressure levels needed, the program
estimates the mixing height by linear interpolation from potential temperature
to height. However, not all atmospheric soundings have height values for each
pressure level. Where height values are missing, the pressure value at the
mixing hejght is found by linear interpolation of pressure values associated
with potential temperature values above and below the mixing height. Thé eleva-
tion of the mixing height is then found by linear interpolation of heights

associated with the previously described pressure values.



3.0 APPROXIMATIONS

Since the points used to describe a temperature sounding (i.e., a vertical
temperature profile) are connected by straight lines, we can assume that tempera-
ture is linear with height between the plotted points. Potential temperature is
roughly linear with temperature and therefore no significant error results if
potential temperature is taken as being linear with height between the reported

sounding levels.

Some error may occur if height values are not given for each pressure
level. If a pressure level does not have a height value, temperature (and
therefore potential temperature) may not be linear with height between the
levels where height “alues are given. Therefore, this program interpolates from
potential temperature to pressure and then from pressure to height. Even though
potential temperature is not linear with pressure, the error is not significant
over the small pressure intervals often encountered. The estimated pressure at
the mixing height is used to find the elevation of the mixing height by linear
interpolation using sounding levels that have both pressure and height. While
pressure is not linear with height, detailed height and pressure values from
soundings taken for the St. Louis Regional Air Pollution Study show that linear
interpolation from pressure to height over the dinterval from 1000 to 850 miili-
bars (about 1500 meters) gives a range of O to 40 meters above the actual value.
This error will approach zero for low mixing heights and will not be significant
for maximum mixing heights, where accuracy of 50 to 100 meters is acceptable for

most purposes.



The change of mixing height due to errors in calculated potential tempera-
ture cannot be evaluated since the error depends on the rate of change of

temperature (and thus potential temperature) with height near the mixing height.

4.0 INPUT DATA FORMAT

To compute the mixing height for the city being modeled, this program needs

the following:

1) upper air sounding data (e.g., National Weather Service, local

urban radiosonde or helicopter spirals);

2) urban surface temperature and pressure at 0800 LCT* and at the time

of maximum temperature;

3) elevation of the urban temperature measurement in meters above sea

level, and

4) the cTihatbiogica]~déiTy méximum mikihg Héfﬁht value for summer
nonprecipitation days (listed for some cities in Reference 1 [page A-3] and for

others in Reference 2).

If the pressure data are not available at the elevation of the temperature data,
other data can be used if they are adjusted to the elevation of the temperature

measurement. Additional information on how to obtain these data is given in

* LCT stands for Local Civil Time, which is the prevailing local time for a
location. In other words, LCT is Local Standard Time, unless the locality
is on Local Daylight Time.



Appendix A of the EKMA Guideline document.] Also, Table 1 gives the urban

surface and upper air data used in the examples explained below.

The card format to be used to enter the data into the program is in Table 2.
The first number on card 1 tells the program that it is estimating the mixing
height for either 0800 LCT or the maximum mixing height. The second number on
the first card is the climatological daily maximum mixing height value. This
value allows the program to check for unusual estimated mixing heights. The
urban surface data are contained on the second data card. Sounding data should
be entered on the following cards, except for the surface data from the sounding,
which was replaced by the urban surface data entered on card 2. In Figure 3, the
surface and sounding data used to calculate maximum mixing height is used as an
example to explain the input data. The sounding data must be entered in order of
decreasing pressure (i.e., increasing height). Sounding levels with a pressure
greater than the urban surface pressure or a height less than the urban surface
height will be ignored by the program. Additional instructions and cautions are .
given in the program listing. Significant comments on program operation are

marked with an asterisk (*) in the program listing.

Tables 3 and 4 show the input and output for maximum and 0800 LCT mixing
height examples, respectively. Users should attempt to replicate the examples
illustrated in Tables 3 and 4 using their own computer system prior to using the

program for general application.



eole L. Exemples of tne Data Needes for This Method

Surface Deta

Hour Startine at, LCT Temperature °C Pressure, mb
8 23.2 1010.3
g 23.9 1010.7
10 25.8 1010.8
n 27.3 1010.6
12 28.7 1010.3
13 28.3 1010.0
14 30.1 1009.6
15 30.4 1009.2
16 30.8 1008.8
17 31.4 1008.6
18 31.2 1008.5

Sounding Datea

1200 GMT Soundinc 0000 &MT Sounding

Pressure (mb) Height {m ASL) Temp. (°C) Pressure (mb) Heiaht (m ASL) Temp. {°C)

S 1015 8r 2:.07 s 1012~ g 31.0*
M 1000 136 23.0 N 1000 114 30.¢
S 867 -—- 24,4 ¥ 850 1537 16.4
¥ g50 1550 1€.2 s &xn --- 15.2
S 827 --- 14.2 S 791 - 13.2
S 817 --- 13.6 S 778 --- 11.8
¥ 700 3168 4.6 S 760 --- 11.2
S 680 -— 5.6 ¥ 700 3164 7.0
.S 661 e E.6 -S 628 ———-- - 1.6
S 60e --- 6.4 S 560 -—- -1.%
¥ 530 5860 -£.3 ¥ 500 5860 -7.3
S 487 --- -8.3 M 400 7560 -18.¢
S L2 -=- -12.7 s 3N --- -21.7
S 438 --- -13.9 ¥ 300 8650 -33.1
Mo 400 7560 -18.7 S 265 -—- -38.%
s 382 -—- -20.1 M 250 10900 . -62.9
S 3&¢ .- -26.3 S 205 -—-- -52.8
S 326 -=- -28.7 M 200 12370 -53.3
¥ 300 9640 -33.7 ¥ 150 14150 -61.1
S 267 --- -3¢.5 S 127 -—- -64.9
¥ 250 10880 =67.7 S 120 - -61.7
M 200 12370 -51.7 M 100 16690 -63.3
¥ 150 14180 -60.9 ¥ 70 18900 -58.5
S 148 - -61.5 ¥ 50 21040 -54.5
¥ 30 24350 -48.8
¥o20 27030 -44.7
S 15 -—- ~42.1

hole: M = Mandatory Levels and S = Significant Levels
The 0000 GMT Sounding js the following day in GMT.

* The lowest level of the souncing should not be used in the mixing
height calculzations for EXMA/OZIPP.

Frintec copies of hational Weather Service sounding data can be ordered

by writing to: Netional Climatic Center, Federal Building, Asheville,
kortn Carolina 28801 or calling (704) 258-2850, extension 683. The cost
(as of April 1981} 1s 60 cents per sounding, with 2 minimum order of $5.0C.



Table 2.

Card Input Format

Card Variable Column FORTRAN
Number Name Number(s) Format Data to be Entered
1 MNMX 4 I1 Mixing height to be computed:
0 = 0800 LCT
1 = Maximum
CLIMPM 5-11 F7.0 Climatological daily maximum
‘ mixing height value in meters
above ground level
2 URBAN SURFACE DATA
ELEV 2-9 F8.1 Height in meters above sea
level
PRESS 10-17 F8.1 Pressure in millibars
TEMP 18-23 F6.1 Temperature in degrees Celsius
3 to ELEY As on card 2, except input is the
l;iﬁ PRESS sounding data without the sounding
TEMP surface data
Note Pressure reduced to sea level should not‘be used unless the height

of the pressure level is at sea level.

This program was designed to use temperatures to the nearest 0.1°C.
Temperatures measured in degrees Fahrenheit should be converted to

the nearest 0.1°C. As explained in Section 2.0, pressure can be

rounded to the nearest whole millibar and height to the nearest 10 meters.

Missing values can be entered using a height greater than 90000 or a
temperature greater than 900. If a level does not have a pressure
value, do not use that level in the input for the program, since the
program cannot use a level unless a pressure value is given.



Card Number

1 1 1700.

2 62.0 1008.
3 114.0 1000.
4 1837.0 850.0 16.
5. 99698.9 831.0 15.
6

7

8

9

6 31.

0

0

0
99999.9 791.0 13.

0

0

0

30.

99999.9 778.0 11.
99998.9  760.0 11.
3164.0  700.

O RO NN P DO DS

Explanation

Card Number

1. "1" dindicates that the data is for a maximum mixing height
estimation. 1700 meters is the climatological daily
maximum mixing height.

2. Urban surface elevation (62.0 meters above sea level),
pressure (1008.6 millibars) and temperature (31.4°C).

3-9. Sounding data (elevation,. pressure, temperature). .
999989.9 = missing height value.

Figure 3. Data Input for Maximum Mixing Height txample

10



Table 3. Example for Maximum Mixing Height

INPUT ¢

1 1700.
62.0 1008.6 31.4 T T

114.0 100C.0 30.6

1537.0 B8S0.0 16¢4 =~ o
99999,9  B31.0 15.4
99969,  791.,0 13.2 o ’ o
99999.¢  778.0 11.8
99999.9 760.0 11.2 - o B

3164,0 708.0 7.0

SEOF ST
QUTPUT:
POTENTIAL
HEIGHT PRESSURE TEMP. TEMP.
MASL me DEG.C DEG.X
62.C  1008.6 314 30349
114.0  1000.0 30,6  303.8
1537.0  £50.0 1644 30344
99999.9  831,0 15.4 30443
99999.9  791.0 13.2 .0
99999.9  778.0 11.8 .0
§9999.9  76C.0 1.2 «0
316400 70040 7.0 .0

MAXe MIXINGE HEIGHT 1613. METERS AGLy 837.3 MILLIBARS,

THE CLIMATOLOGICAL MAXIMUM MIXING MEIGHT VALUE ENTERED wWAS 1700, METERS AGL.

ia



Table 4.

Example for 0800 LCT Mixing Height

INPUT:
U 1700.
62.0 1010.3
139.0 1000.0
99999.9  $67.0
1550.0 BS0.D
99999.9  827.D
©9999.9  B17.0
3168.0 70C.0
SEOF
OUTPUT:
MEIGHT PRESSURE
RASL 1]
62.C - 1030.3
135.6 1000.0

TENM
bEG
23

23-2 =
TPOTENTIAL
Pe TENP,
«C DEG.K
.2 295.5 - : Ce o Co A
oD 296.2 ) o

23

ACCORDING TO THIS METHOD, THE LOWEST LAYER OF THE SOUNDING 1S

ROT WELL MIXED.

THE URBAN MIXING MEIGHT 1S GREATER THAN THE
MIXIKG HEIGHT COMPUTED BY THIS METHOD.

THIS IMPLIES & RMIXING HEIGHT OF ZERO RETERS AGL.

D. METER
250 METERS AGL.

SHOULD BE USED FOR THE EKRA 0800 LCT RMIXIKG MHEIGHT.

THE CLIMATOLOGICAL MAXIMURM RIXING HEIGMT VYALUE ENTERED WAS

1700, RMETERS AGL.

12



5.0 PROGRAM OUTPUT

The output from the program gives the height of the mixing height in meters
above the surface elevation entered on data card 2. Figure 4 exp]ains.the
output from the input data in Figure 3. When unusual situations occur (e.g., not
enough data entered, possibly unrealistic mixing height values), the program
informs the user by various messages displayed at the end of the output. Most of
these messages direct the user to take some action or to refer to the EKMA Guide-

! for further information. These program warnings and why they

Tine document
occur are discussed below. When a problem occurs, the first step should be to

check that the data were entered correctly.

OUTPUT -
THE URBAN MIXING HEIGHT IS GREATER THAN THE _  METER
MIXING HEIGHT COMPUTED BY THIS METHOD. 250 METERS AGL
SHOULD BE USED FOR THE EKMA 0800 LCT MIXING HEIGHT.

EXPLANATION -

- A mixing height less than 250 meters above ground level has been estimated
by the program for the 0800 LCT mixing height. Data from St. Louis and Phi1adé]phia
temperature soundings taken by helicopter indicate that this program's method of
estimating the mixing height underestimates the depth of the early morning urban

mixed layer.

ouTPUT
MIXING HEIGHT VALUE MAY BE TOO HIGH.

13
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L

RASL =g DEGC DPEG.K -
62.C  1008.6 3.4 303,9 _
114.0 1000.0 30.6 303.8 T

1537.0 t50.0 16 4 303.4
99995.9 g831.0 15.4 304.3
$9999.5 791.0 13.2 .0
99999.9 778.0 11.8 o0
99999.9 76C.0 11.2 .0 -

316440 700.0 7.0 <0

mAX, MIXINGE HEIGHT 1613. METERS AGL, &37.3 MILLIBARS.

THE CLIMATOLOGICAL MAXIMUM MIXINE HEIGWT VALUE EXTERED WAS T7C0. METERS AGL.

-

£xplanation -

- If height values are input in meters aboye ground level (mAGL), the output
in the "height" column will be in mAGL instead of meters above sea level
(mASL) as labeled. The mixing height value is in meters above the urban surface
elevation entered in columsn 2 through 9 of card 2.

- Velues of height, pressure and temperature in the output are the same as the

input values. The values of potential temperature in degrees Kelvin by the
program where needed.

- The mixing height is between 850 and 831 millibars (MB) at a potential
temperature of 304.0°K. The height values used for interpolation are at
850 and 700 MB and the mixing height is estimated to be at 1613. meters above
the urban surface elevation of 62 mASL entered on card 2 of the input. The
estimated mixing height is significant to the nearest 10 meters at best.

Figure 4. Detailed Example of Output for Maximum Mixing Height Estimation from
the Input Shown in Figure 3.

14



EXPLANATION
- For 0800 LCT mixing height - estimated value is greater than 500 meters
above ground level. An incorrect value for urban surface temperature may have

been entered.

- For the maximum mixing height - estimated value is more than twice the
climatological value entered on card 1. An incorrect value may have been entered
for the urban surface temperature or the sounding may be unrepresentative of the

region being modeled.

OUTPUT

MIXING HEIGHT IS LOW FOR A MAXIMUM MIXING HEIGHT.

EXPLANATION

- The estimated maximum mixing height is less than one-third the climato-
Togical value entered on card 1 of the data for the program or is less than
250 meters above ground level. The sounding may be from a location that is much-
warmer than the urban area being modeled. If that is true, another more repre-

sentative site should be found.

OuTPUT
SEE **USE OF CITY-SPECIFIC EKMA FOR OZONE SIPS**
FOR ALTERNATIVE PROCEDURES

EXPLANATION
- This is a followup for other messages when possible solutions are outlined

in the EKMA Guideline document.]

15



ouTPUT

RCCORDING TO THIS METHOD, THE LOWEST LAYER OF THE SOUNDING IS
NOT WELL MIXED. THIS IMPLIES A MIXING HEIGHT OF ZERO METERS AGL.

EXPLANATION

- Even though this method gives a mixing height of zero meters above ground
level, either a low morning mixing height exists or a problem has been caused by
the data used for the maximum mixing height values. See other statements 1listed
by the program output for possible solutions. The program prints the statement
because the potential temperature of the surface air is lower (colder) than the

potential temperature of the layer above it.

QUTPUT

DATA FINISHED BEFORE MIXING HEIGHT FOUND - POSSIBLE BAD SURFACE DATA.

EXPLANATION

- Check to see if the correct urban surface temperature value was entered

on card 2. Otherwise the mixing height is above the highest sounding level
entered into the program. Also check to see if the sounding used is representa-

tive of the urban region.

MIXING HEIGHT WAS FOUND BUT HEIGHT VALUE ABOVE MIXING HEIGHT LEVEL
OF MILLIBARS IS NEEDED FOR INTERPOLATION.

EXPLANATION
- To do linear jnterpolation from pressure to height, the program needs

height values above and below the estimated mixing height. If no upper height

16



-

value exists, use a height value from another nearby sounding on the same day or

& height value from the U.S. Standard Atmosphere.

17
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7.0 PROGRAM LISTING

TOS*RINET (1 RXNGT/EKRA
PR R PR R PR R AR R RSB I AR R AR RS E IR AN R SR R A RO dssssrdstansenrttntreanrANXDDI00
«%«COMPUTERIZED METHOD FOR ESTIMATING ATROSPHERIC RIXING HEIGHTS+»+mux00200
seavrrrnexVERSION FOR USE WITH EKMA/OZIPP, MARCH 25; 19B1sessxeaesxnnx00300

SN ERTAN TSP ARESRTIRCERESTSEIRRSISTETRS '*"t"i'”"t.'it't‘tit"t't"tn"xoo‘oo

e R N e e R e Ko R a N RN a NN Ra N Ra Mol el (s R N NaNalal (e N aNalalalaN o NaNaNaNaNalal

O ON

N

* NOTE: STARRED COMMENTS (») RUST BE FOLLOWED FOR THIS PROGRARM
T0 WORK PROPERLY.

THIS PROGRAM FINDS THE MIXING HEIGHT USING URBAN SURFACE AND
RADIOSONDE SOUNDING DATA. THE PROGRAM WAS WRITTEN BY BOB KELLY
OF EPA®S AIR MANAGEMENT TECHNOLOGY BRANCH AND 6IVES THE RIXING
HEIGMT BY FINDING THE LOWEST HEIGHT ON THE SOUNDING WHERE THE
POTENTIAL TEMPERATURE 1S GREATER THAN THE POTENTIAL JEPERATURE
AT THE SURFACE.

DIMENSION ELEV(50) ,PRESS(50),TEMP(50),PT(50)

REAL MIXHT

mMX0CSDO
ARX00600
mHX00700
RNX00800
nHX 00900
R8x01000
BAHx01100
rRux01200
RNx01300
RHX01400
ARx01500
KKx01600

UNIT NUMBERS FOR INPUT AND OUTPUT FOR THIS PROGRA® CAN BE CHANGED rrx01700

BY YHE USER IF UNIT NUMBERS OTHER THAN THE “5° (FOR CARD READER)

AND THE “6” CLINE PRINTER) USED IN THIS PROGRAM ARE NEEDED.

nux01800
nHX01900

THIS CAN BE DONE BY CHANGING THE VALUES FOR “IN® AND “OUT” ON THE mxx02C00

DATA CARD BELOW TO THE INPUT AND OUTPUT UNIT NUMBERS NEEDED.
INTEGER IN,OUT
DATA IN/S/,0UT/&/
NN = 0
READCIN250) mNmX, CLIMPH

250 FORMAT (3Xx4 11, F7.0) ’
*“MNRX "~ FOR 0800 LCY ENTER “0°, FOR MAXIMUM RMIXINE HEIGHKT ENTER
*“CLINPN® IS THE CLIMATOLOGICAL MAXIMUR MIXING HEIGHT

IN METERS ABOVE GROUND LEVEL.

*IF MORE THAN 50 LEVELS ARE TO BE USED, THE SIZE OF THE ARRAYS
IN THE DIMENSION STATEMENT (ABOVE) SHOULD BE INCREASED TO THE
RAXIMUM NUMBER OF LEVELS T0 BE USED.

nux 02100
MHX 02200

" mKX02300
RHX02400
nRx02500
mux02600
“17.mux0270C
nux0280C
RHX02900
Rex03000
MKx03100
RHXx03200
RMX03300
rHX0340C

*THE URBAN SURFACE DATA MUST BE INPUT FIKRST IN PLACE OF THE SOUNDINGE RmHX03IS500
SURFACE DATA AND MUST HAVE OBSERVED VALUES FOR ELEVATION, PRESSURE mux03600

AND TEMPERATURE. THE SOUNDINGE DATA MUST BE ENTERED IN ORDER OF
INCREASING HEJIGHT (1.E. DECREASING PRESSURE).

*ALL LEVELS ENTERED MUST HAVE PRESSURE VALUES.

*THE LAST LEVEL OF THE SOUNDING DATA FOR THIS PROGRANM RUST
HAVE OBSERVED VALUES FOR HEIGHT, PRESSURE AND TEMPERATURE,
READ(ING150) ELEY(1), PRESS(1),; TEMP(1)
150 FORMAT (2F8.1,; Fb6.1)
- “ELEV® = HEIGHT ABOVE SEA LEVEL IN RETERS.
“PRESS” = PRESSURE IN MILLIBARS.
“TEMP” = TEMPERATURE TO THE NEAREST 0.1 DEGREES CELSIUS.
*FOR MISSING VALUES USE THE FOLLOWING:
FOR HEIGHT (“ELEV®) USE “99996.97,
FOR PRESSURE (“PRESS”) PISSING VALUES ARE NOT ALLOWED,
FOR TEMPERATURE (“TEmP”®) USE “996.9%.
PT(1) = (TERP{1)+273.,2)*((PRESS(1)/1000.)*s =0,286)
PTC1) = (AINTC(PT(1)+0.05)+10.3)/1C.
“PT” 1S THE POTENTIAL TEMPERATURE TO THE NEAREST 0.1 DEGREES
KELVIN FROM VALUES OF TEMPERATURE AND PRESSURE AT LEVEL (L),
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mux03700
AHX-03B0C
mHX03900
RHX04000
mHX04100
nHx04200
rRHX 04300
RHX04 400
mHx04500
RHX 04600
RHX 04700
RHX04800
AR 04900
nux05000
mHX0S100
mux0520C
MHX05300
mRX05400
BmHx 05500
KRX05600



mRHX0S700

Se ¢ THE URBAN SURFACE DATA 1S AT L = 1, nHXCS5B00
59 L =2 RHX05900
6C 20 READ(IN,150, END=S5) E,P,T mHx 06000
61 IF (P .6E. PRESS(1)) 60 70 20 rRKx06100
62 IF (E JLE. ELEV(1)) 60 TO 20 nux06200
62 ELEV(L) = E nHx06300
64 PRESS(L) = P . KHX06400
65 TERMPI(L) = T ) mRRX06500
bé IF (T +67. $00.) 60 TO 18 RHMXD660D
¢ €0 Y0 17 RHX06700
68 18 IF (E .67, 90000.) 60 TO 20 RHX06800
69 60 T0 19 nKx06900
7¢C 17 PT(LY = (TERMP(LI*273,2)*((PRESS(LI/Z1000.) e ~0,2862 xHx07000
71 PTCL) = CAINTC(PT(L)+D.05)»10.0)3718C. - mux07100
72 IF (PT(L) «6T. PT(1)) €0 TO 30 rRMux07200
73 19 L = L+ RHXD7300
74 60 T0 20 mRHX07400
75 30 = L mrHX07S00
7¢ IF (L +EQe 2) 6C TO 9% RHX07600
77 N = L=} ' mux07700
78 23 IF (TEMP(N) .6T. 90D.) 60 T0 34 nux07800
79 60 T0 41 . RHX 07900
&C e N = N=1 mKx 08000
51 60 TO 33 nxx 08100
&2 41 PRESMH = ((PRESS(LI=PRESS(NII*((PT(1)+L.1)~PT(LII/ mHx 08200
82 7 (PTCL)=PT{(N)I)I+PRESS (L) RKXDE3I00
&d PRESHMH = (AINT((PRESKRH+D.0S)*10.33/10C. RHX0E400
Ex c “PRESMH” IS THE PRESSURE AT THE KIXINE HEIGHTY mRux 08500
&é C TO THE NEAREST 0.1 MILLIBARS., Rux08600
E7 SC IF (ELEV(K) +6T. 90000) 60 TO 40 KKx08700
8t 60 T0 51 muX08BDD
8¢ L0 x = K+1 RNX08900
L2 - READCIN;150, EnD=6S) ELEVIK), PRESS(X), TEWP(K) - nux 09000
51 4 THIS READ STATEMENT 1S USED TO READ ADDITIONAL SOUNDINE LEVELS mEx 09100
92 ¢ TO FIND AKX UPPER VALUE FOR INTERPOLATION FROM PRESSURE TO HEIGHT. KNX09200
97 60 TO 50 RHX0¢300
94 $1 3 = L=1 RHXDG400
95 70 IF C(ELEV(I)Y +6T. 90000) €0 TO 60 mrx09500
96 60 TO 80O mux09600
$7 60 4 = J=1 RHxX09700
& 60 T0 70 RHX 05800
9¢ 80 ELEVMH = ((ELEV(K)=ELEV(J))~(PRESMH-PRESS(K1)/ RHX09900
160 7 CPRESS(KI=PRESS(JIII4ELEV(K) . . mHX10000
101 4 “ELEVRH” 1S THE MIXING MEIGHT m“HX10400
102 (4 InN mETERS ABOVE SEA LEVEL (mASL). nANx10200
103 BIXKT = ELEVMH=-ELEV(Y) rux10300
104 RIXHT = AINT(RIXHT+0,5) mHX10400
108 4 “RIXHT” 1S THE RIXING KEIGHT IK METERS ABOVE GROUND LEVEL mux10500
10¢ 4 (XAGL) ROUKRDED TO THE NEAREST METER. mux 10600
1¢7? ¢ ) rux10700
108 ¢ THE FOLLOWING SECTYION GIVES OUTPUT nHx 10800
10¢% C AND CHECKS FOR EXTREME VALUES. - nux10900
14¢ c nHx 11000
111 95 WRITE(OUT,1003) nHx 11100
112 1002 FORMAT (/ 29X “POTENTIAL"/, AHX 11200
1132 T’ HEIGHT PRESSURE TERP,. TERP. "/, mNX11300



L 2 4

114
1135
116
117
1182
119
12C
121
122
122
124
123
12¢
127
128
12¢
130
131
132
133
134
135
13¢
137
138
139
140
141
142
143
144
145
14¢
147
1468
14¢
150
151
152
153
15¢
155
15¢
157
158
159
16€
161
162
162
164
165
166
167

?7° RASL nB DEG.C DEE.X”)
p0 1001 n = 1,K
WRITE(OUT,1000) ELEV(M), PRESS(M), TEMP(M), PT(RM)
100C FORMAT (4F9,1)
1001 CONTINUE
IF (NN +£Q. 1) 60 TO 85
IF (L JEQs 2) 60 TO 46
IF (MNRX .EG. 1) 60 TO 15
WRITEC(OUT100) MIXHT, PRESAH
100 FORMAT (/7”7 AeMos MIXING HEIGHT 4F7.0, “ METERS AGL,",
7 oF741s © RILLIBARS.”)
1F (MIXHT .LT. 250.) 60 YO 25
IF (MIXHT .6T. S5S00.) €0 TO 35
60 Y0 85
25 WRITELOUT 3003 WIXHT
300 FORMAT ( -~ THE URBAN RIXING HEIGHT IS GREATER THAN THE” FS.D,

MNX11400
MHX11500
nHXx11600
MHX11700
nHx11800
RHX 11900
mHX12000
RHX12100
RHX12200

~ MRX12300

RHX12400
rRx12500
RHX12600
nHX12700
mHX 12800
RHX 12900

7 © METER"/” MIXING HEIGHT COMPUTED BY THIS® KETHOD., 250 METERS”,MHX13000
T ° AL 72" SHOULD BE USED FOR THE EKMA O8G0 LCT ®MIXING MEIGHT.”) MHX13100

60 YO 85
15 XCLIR = CLIMPR *» 2,
WRITE(OUT,200) MIXHT, PRESAMH
200 FORMAT (/77 MAX. MIXING HEIGHT ,F7.0, “ METERS AGL,",
7 +F7¢1s © MILLIBARS.”)
49 1F (MIXHT .6T. XCLIW) &0 TO 35
IF (MIXHT JLE. 250) 60 TO 45
YCLIN = CLIMPM/Z,
IF (MIXHT oLE. YCLIM) 60 TO 45
60 TO 85
35 WRITEC(OUT,400)
400 FORMAT ( - MIXING HEIGHT VALUE RAY BE TOO HIGH.”)
60 TO 86
45 WRITE(OUT,SCO)
SO0 FORRAT ¢ ~ BIXING HEIGHT 1S LOW FOR”,
7 ° A MAXIMU® MIXING HEIGHT.”)
86 WRITEC(OUT,350)
350 FORMAT ( SEE ®**USE OF CITY-SPECIFIC EKRA FOR OZONE SIPS**"/,
7 FOR ALTERNATIVE PROCEDURES.”)
60 T0 85
46 WRITE(OUT450)
450 FORMAT U/~ ACCORDING TO TH1S METHOD, THE LOWEST LAYER OF THE”,
7 7 SOUNDING 1S°/° NOT WELL RMIXEDe THIS IMPLIES A RIXING®,
7 ° HEIGHT OF ZERO METERS AGL.”")
I1F CANMX .EQ. 1) 60 TO 4S5
60 T0 25
S5 WRITE(OUT,600)
600 FORMAT ¢ - DATA FINISHED BEFORE MIXING HEIGHT FOUND-",
7 “POSSIBLE BAD SURFACE DATA.”)
K = L=-1
NN = 1
€60 Y0 9%
6S WRITE(QUT,700) PRESMH
700 FORMAT ¢ ~ MIXING HEIGHT WAS FOUND BUT HEIGHT VALUE ABOVE”",
7 © PIXING HEIGHT LEVEL"/” OF“yF741,” PILLIBARS IS NEEDED FOR”,
7 © INTERPOLATION.”)
K = k=1
NN = 1
60 T0 95
85 WRITECOUT,800) CLINPA
800 FORMAT ¢ /7 THE CLIRMATOLOGICAL MAXIMUR MIXING HEIGHT VALUE®,
7 © ENTERED WAS®y F7.0, “ METERS AGL.”")
STOP
EnD
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RHX 13200
RKX 13300
RHX13400
RHX13500
RHX 13600
RHX 13700
RMX 13800
NHX13900
RHX 14000
RHX14900
MKX14200
RHX 14300
nHX'14400
MHX 14500
RHX 14600
MHX 14700
RHX14800
mHX34900
RNX15000
RHX15100
RHX 15200
MHX15300
mRX 15400
RHX 15500
nHX 15600
RRX15700C
RKX 15800
AHX1S900
mHX 16000
nHX16100
nHX1620C
mHX16300
RKX16400
MHX16500
RMX 16600
BHX16700
RHX16800
RHX16900
nHX17000
MHX17%00
RHX 17200
RHX17300
RHX17400
RNX12500

~
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