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The OSPM Validation Tool is used for exploratory data analysis of the performance of
the OSPM® Model in comparison to measurements. It is meant for generating a first
set of quantitative model performance metrics. Additionally, it is possible to analyse
the dependency of model performance on various parameters (e.g. wind direction,
hour of day etc.).

The following guide will cover how to obtain the tool as described in section 1, an
introductory description of the elements of the tool is given in section 2, the everyday
usage of the OSPM Validation Tool as described in section 3 and inserting the user’s
own data is described in section 4.

1 Obtaining the Validation Tool

The OSPM validation tool can be downloaded in a fully functional version with a
set of sample data as a zip-file from the webpage http://envs.au.dk/en/knowledge/
air/models/background/ospmtool. The tool consists of an Excel-workbook containing
both the example data, the user-interface, and the output.

2 Overview of the Worksheets

When the workbook opens, the worksheet shown on fig. 1 appears. The active
worksheet is Summary Year which contains the long time series of the modelled and
measured concentrations. The worksheets Pivot wdir, Pivot hour, and Pivot _month
are the worksheets used for visualising the data with respect to wind direction, hour
of day, and seasonality.

Pivot _wdir, Most of the graphs displayed on the worksheets Pivot_wdir, Pivot_hour, and Pivot_month
Pivot hour, and contain three curves: A blue representing observations, a pink representing model re-
Pivot_month: sults, and a green representing background concentrations. This can also be seen from
the variable names, where the variable names ending on ” o0bs” represent observations,
the variable names ending on ” mod” represent model results, and the variable names
ending on ”_b” represent background values. Two graphs do not follow this pattern:

e The first graph, as shown on fig. 2, shows the number of data points as a function
of a variable, in this case, wind direction. A similar graph for the number of
data points as a function of respectively hour of day and month of year exists
on the worksheets Pivot _hour and Pivot _month. As with the other graphs,
the blue color represent observations and the pink color represent model results.
The function nXY is a system variable and should be ignored by the user.


http://envs.au.dk/en/knowledge/air/models/background/ospmtool
http://envs.au.dk/en/knowledge/air/models/background/ospmtool
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Figure 2: Illustration of the graph displaying the number of data points as a function
of wind direction

e The second graph, as shown on fig. 3, shows the percentage of directly emitted
NO, in respectively the model and the observations (see the following section
for the details of the calculation). Again, similar graphs with the percentage
depicted as functions of respectively hour of day and month of year exist on the
worhsheets Pivot _hour and Pivot_month.

To understand fig. 4 it is necessary to introduce the conception of O,:
[04] = [O5] + [NO,]

Where [X] is the measured or modelled concentration of specie X in ppb. If no NO,
were directly emitted from the vehicles the concentration of O, would be constant
from the urban background to the street canyon, since NO is converted to NO, in the
presence of O4. However, since there is a direct emission of NO, from the vehicles the
concentration of O, is larger in the street canyon than in the urban background:

(0. — [0y =2 (INOL, — INO, ) (1)

Where X, is the street canyon concentration of compound X and Xy, is the urban
background concentration of compound X. Thus dividing the increase in O, from the
urban background to the street canyon by the increased NO, concentration in the
street canyon yields the fraction of directly emitted NO, represented by p in eq. (1).

The worksheet Graph_H contains a series of scatter plots, where various measurements
and model data are compared. A large group of the scatter plots on the worksheet
Graph_ H are plots of the measured against the modelled data for various chemical
species. Another group of plots show scatter plots of both the measured and modelled
data points as a function of e.g. wind speed. These are used to illuminate model-
measurement discrepancy dependencies on various variables.

The worksheet SummaryYear contains the time series spanning several years. This is
used to illuminate the long time temporal trend in concentrations and model perfor-
mance. Again, most of the graphs contain a blue curve representing measurements, a
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Figure 3: Percentage of directly emitted NO, as a function of wind direction.
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Figure 4: Scatter plot of hourly A[O,] versus A[NO,]. The slope of the straight line
fit is an estimate of the fraction directly emitted NO,.
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Figure 5: Scatter plot of the hourly NO,-concentration versus hourly NO, concentra-
tion in respectively the model and the measurements. This plot is used to evaluate
whether the model reproduces the correlation between NO, concentrations and NO,
concentrations from the measurements.

pink curve representing model results, and a green curve representing the development
in the background concentrations. The model results and background results are
also projected to the year 2015 and the year 2020 for assessment of future tempo-
ral development. Two figures are distinguishable from the rest on the worksheet
Summary Year:

e The development in ADT and HD vehicles is shown as illustrated on fig. 6.

e Figure 7 shows the temporal development in modelled NO, emissions plus
the temporal development in the modelled and measured ratio between NO,
emissions and NO, emissions. This is used for assessing whether the model
reproduces measured NO, emissions as a function of time plus the general trend
in modelled NO, emissions over time.

The worksheet YearH select is a system worksheet and should not be modified by
the user. The worksheet Settings is used when inserting new data in the worksheet
as described in section 4. The rest of the worksheets are data-worksheets containing
the sample data, which consist of in total two years of hourly data for model and
measurements and 15 years of annual data.

3 Daily Use of the Validation Tool

The following section uses the sample data provided with the validation tool as an
example of the everyday use of the validation tool.

Only the worksheets Pivot wdir, Pivot_hour, and Pivot_month are used in the
everyday exploratory data analysis. Each of these worksheets contain a number of
graphs, some data, and a number of dropdown boxes as illustrated on fig. 8 for the
worksheet Pivot_wdir. As can be seen, all the graphs show the concentration of
a specific compound as a function of wind direction. Likewise with the other two
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Figure 6: Annual trends in ADT and percentage of HD vehicles.
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Figure 7: Temporal development in modelled NO, emission density plotted on the
left y-axis and the ratio of NO, to NO, emissions for respectively the model and the
measurements plotted on the right y-axis.



Choice of Year:

Choice of a subset of
data:

The type of day
(DayCase) is rep-
resented by a num-
ber between one
and six: One being
weekdays, two be-
ing saturdays, and
three being sun-
days. The num-
bers four, five, and
six are defined sim-
ilarly, but only
for the month of
July, where traffic
is lower due to hol-
iday. This is simi-
larly to the struc-
ture in the traf-
fic input file to
OSPM. For more
info see Chapter
7 (Traffic Data)
in the WinOSPM

manual.

worksheets where the same species are plotted as a function of respectively the hour of
the day and the month of the year. The compounds featured in all the worksheets are:
NO,, NO,, CO and O4. The worksheets Pivot_hour and Pivot_month furthermore
contain one graph for PM,, and PM, ;.

The three worksheets operate on a one year dataset at a time. The year of interest is
chosen in the dropdown box marked with the number ”1” in fig. 8. This dropdown
box is located differently on the worksheets Pivot hour and Pivot_month, but the
functionality is essentially the same — displaying the data from the respective year on
the graphs. Choosing another year on one of the three worksheets also influences the
scatterplots on Graph H.

When the year is chosen, it is possible to choose to visualise the average values based
on all the data for a full year or only to visualise a subset of the data. The latter is
done using the dropdown boxes marked with the number ”2” on fig. 8. All worksheets
contain four dropdown boxes:

e Month Data from one or more months to be displayed in the graphs.
e DayCase Data from one or more types of day to be displayed in the graphs.

e DayOfWeek Data from one or more weekdays (numbered one to seven) to be
displayed in the graphs.

e U _ GT_3 Data points where the wind speed is respectively larger or smaller
than 3 ™% to be displayed in the graphs.

Hour (Only on worksheet Pivot month) Data from one or more hours a day to
be visualised in the graphs.

The settings are linked between the different worksheets meaning that settings made
on one worksheet are automatically transferred to the other worksheets. In this way,
it is possible to quickly generate a series of standard graphs representing different
subsets of large datasets. Moreover, it is possible to easily browse the dataset and
thus examine various dependencies in the data.

The only interaction the user has with these worksheets is through
the dropdown boxes. DO NOT modify the content of the ac-
tual cells on the worksheet otherwise the workbook might break.
This is also the case for the worksheet Summary Year.



(=) oot [ E[E)|

| B | feeau

rO0ziesh £o0giesd zoogiesd To0ciesd onogiesd ea61iesh ge6T./eaA [66TIEaA 966 T.E8A ce6TIEBA o6 1IEBA 0T0zINoH 600¢INoH H ydein 1DBES HIEB JUOW 10 inoy—10Md AIpMmTIoNd | B84 AIBLINS sbupes

] [T

uoaNp puIM

09€ 0EE 00E 0T OFZ 0LZ 081 0SL 021 06 09 O 0

+ + + + + + t t t + + 0

p—

- oLoc

uoaAIP pUIA UolIANP pUIM

uogaRp pUIM uoyIBIp pUIA
0S% OFE D0E 0LZ 0¥Z 0LZ 021 051 0ZL 06 08 0F O 09€ 0EE 00€ 0.2 0¥Z 017 08} 051 0Z4 06 08 0E 0 0SC 0EC Q0% 0% 05T 0LZ 02L 0SK 021 06 03 0F O 09 0EE 00E 02 0FZ 0IZ 08k 05K 0ZV 06 09 O0E O

uoaNp puIM

09 OEE 00E 0.Z OFZ OLZ 021 0SL OZL 06 03 02 O

0
03 o 1o
004 5
oSt

i tooz&
szt

e
058

A
W et
00F (‘

0s% 02 20

&

s uZon

ewBu u 09

euybnl U £o

*
-

I

L=

3

K
8

GZON—F— POWTZON —m— 590 ZON—+—

GHON —F— POWTAEHON —— S50 35 HON —— i

AXu—F— POUTXONP 0 pMOD @ TGXONP 0 pnoD —4— TE0—— POWED—W— SO EO—4— 03— PWTOD —8— =EOO—+— _

) :paadspuim,

0208162 SERZ

BRELOLLIOL 2ZL0BR/'04) BEDSLE'GLE: BRZBA09LF9 E0839E/5F9 REER BEER BALAERZE'SS SFBEZZCSFP ZOESLLBS'RE EEDZRSH/2'0 LR LBSHIE'D EG2058FPF'0 ELECELZL/L ZPS0ZBZL Lk ZL/SEREORE G8PZSSLA0Z G0ZESZ6/6F  LLBRORBSFI

HA b
|13

06
62
a8
8
k]
]
4]
£
28
12
]
6L
8l
il
84
G
ki
[
él
L
0L
i}
k]
9
G
G4
]
£q
]
149
09
BS
85
5
G
G
]
£S5
e
15
0§
6k
ak
iF
ak
Sk

£y U xor

[=40 1 PUBIS)| bl

9FR5aLEs FOL
22R30EZ 161
BSPPR0ES 951

BFLLESGHS. |55
PSELELZZNS |SKE
86002250FF |SEE€

8524694620 SEOL250FT
B2SAPFEOE'D BRiPEREBED
€80£00682°0 996FEORED

FZ1E2906F D
BERZAIERFD
BERSERFSED

22218941782
FALPELES 02
SeE5LSLSL

SPEEECLETLS
BOESRIER 2R
2F255E5F 1E

9815EF2E Sk
S2E8F0FFOF
LIGELFBELE

2LEBZSE'E2
2r09BaLF 42
BLFFFRIEE]

F20BELBE RS
P50k 4596 ER
2B0FF1122E

FEEESLELZ]
PRZ0ZF2 058
LLBN0LF 02k

£5BB52°691
LiBBLZR 2L
FESOZESBL

l215620992
2909480459
1095 |k BEQE

C0BES02EF 2 EFERLIBESL
LBA%2ZR L' PSELELZ209 851 151
BSELSERE0E 86002250FF 591 951

Lol ol FeeRasielp
L50kZ LES B

£B960NS5 L5

GLE0FAIRFE
PE0L85PS 0P
FEEFELLOS

eLk5hLkEL2E
SEARORERSE
LL0E2REER

£r
k
14

PoOWTZON) AU

Axne AAnE Patathicd e R POMTXONT JO NG SHOTXOMNT J0 1N EREs) powTED SH0EOD 907 PoWTO0 08700 20N POWTZON $00720N

O XON POWTRS"XON SH0_ 55T XON a7 SSERPAM £

]

q pou] ECE] q ﬁna_ 500 q ﬁna_ [ S00

00| q

(4

-H i)

- II7)
g ks

L0z,
il 5 r | H B 4 3 a

Iea)

g9
|
celon
£
3
L

(] EEENER|
- i) asegfeg
o

i -~ €2

B E
: . 21geL @ . Bupewoy
TSR A e ,,,ance,_nxm_H_

| B B -
|

es"sj00 ] "uonepijey |

Bump3 13quny = WUy =

~ PR 212
8 puld 7 0S5

WL

s
Y
L

» wngony T

o oo
oo os | ¢

Yo~ §

FARE: §

Jewiog p13a sl + 320 g 2bsan
n m |M |e12usn & =] 25 sues s

deip o=
way dei 1= A o

[
[
e
‘«

B

|ennan poog

jeqony  sadopAag  MalA  Mamay  Eleq  seinuiod  jnofejabeq  pasuf

05] speayd

B pizogdiy
_ sauieg ewing £ -
.+ hdoy By

¥ =

ion Tool

in the OSPM Validat

8

t wd

100

Screenshot of the worksheet P

Figure 8



4 Inserting own data into the validation tool

To use the validation tool with the user’s own data, the following procedure is used:

1. Generate a new set of model- and measurement data using the OSPM® model
and save the output in an Excel-file. Make sure to name the hourly output
"HourXXXX” and the yearly statistics "yearXXXX” with XXXX being the year
in consideration. For info see User’s Guide to WinOSPM® chapter 15 (List of
Input and Output Variables).

(a) Enter the following string in the variable list of the hourly output file:
Date, hour, cNOX_r, cNOX_b, cNOX_mod_1, cNO2_r, cNO2_b, cNO2_mod_1,
c03_r, c03_b, c03_mod_1, cCO_r, cCO_b, cCO_mod_1, DailyTraffic,
Nlight, Nheavy, cNOX_obs_1, cNO2_obs_1, c03_obs_1, cCO_obs_1,
QNOX, fractionN02, cPM10_b, cPM10_mod_1, cPM2.5_b, cPM2.5_mod_1,
cPMExh_mod_1, cPM10_obs_1, cPM2.5_obs_1, cNOX_str_mod_1, cNOX_str_obs_1,
DayCase, DayOfWeek, Wind_dir, u_mast, cNOX_obs_2, cNO2_obs_2,
c03_obs_2, cCO_obs_2, cPM10_obs_2, cPM2.5_obs_2, Ntotal, Nheavy,
Nlight, Speed_heavy, Speed_light, QNOX, QPMExh

(b) Enter the following string in the variable list columns for the file containing
annual statistics:
"19xx", NOX_b, NOX_mod_1, NO2_b, NO2_mod_1, 03_b, 03_mod_1, CO_b,
CO_mod_1, NOX_obs_1, NO2_obs_1, 03_obs_1, CO_obs_1, PM10_b, PM10_mod_1,
PM2.5_b, PM2.5_mod_1, PMExh_mod_1, PM10_obs_1, PM2.5_obs_1

(c) Enter the following string in the variable list rows for the file containing
statistics:
Average, MaxHourly, nHours, MaxDaily, 98_Perc

2. Copy the data sheets into the validation tool and delete the sample data sheets.
3. Activate the worksheet called Settings.

4. In cell C2 write ”1” or "2” depending on which side of the street the monitoring
station is located. This corresponds to the use of measurement station ”1” or 72”
in OSPM.

5. In cell A2 write the first year of the dataset. Continue with the next year in cell
A3 and so on.
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