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More Fireworks, less pollution?

Agenda

= Introductory remarks

Recognizing the Corona effect

Comparison of firework signatures over the years

Are the measurements valid?

Conclusions




LV?2
Lucht Voor Leidschendam-Voorburg

Obijective: Leidschendam-Voorburg
“Suburb” of The Hague

= Health improvement in
Leidschendam-Voorburg
by improving airquality

Aim measurements:
= Actionable measurements

= Recommendations for action

Locate and quantify sources

Measurements
= What do we measure?

= How does the measurement relate to the source(s) ?

to Rotterdam




Cross-section Voorburg
Official Knowledge 2015

Opbouw concentratie NO2 in 2015 Opbouw concentratie PM2,5 in 2015
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Exercise 2020:
Can we observe Corona lockdown

effects in our measurements?
Comparison of 2018, 2019, 2020 NO,
data from 3 RIVM stations in The Hague

NO; (geijkt) Meetwaarden (per dag) - gemeten bij de stations

= Lockdown date was 15 March. '

No significant change at that date

NO; (geijkt) (per dag) metingen versus tijd

j=J
. @
3 3
Periode (NL lokale tijd

02-10

=
- E—
o

meetstation
— Stat2020
— Stat2019
—— Stat2018

Metingen van NO2
8 8

= Weather effect dominates the » ‘" 1‘
response (“ ‘ “

meetstation
— Stat2020
— Stat2019
—— Stat2018

Periode (NL lokale tijd)

|
"N / ‘N“‘W‘h ”“b

May ) Jan Feb Mar




NO; (geijkt) Meetwaarden (per dag) - gemeten bij de stations

Exercise 2020: ’
Can we observe Corona lockdown

effects in our measurements?
Statistical Approach 2
= Assumption: ‘°
NO, produced in large time period is independent of time of day = - = - :
& Of Weather ) Meetwaarden bij Avg_ALL (Avg_ALL) (per dag)
l e
= Weather effect is instantaneous: o I — o
NO; opservea = NOzemittea * f(Var 1,Var 2,..) . : e
= Averaging over time gives f(Var 1,Var 2,..) £\l _.
= Inversion (with stabilisation bij averaging) gives NO, ¢mittea :_. /\
20 | I l‘ "’ K
= Conclusions: " VA \|Af\\=' "4

yes we can observe the Corona lockdown |
wind speed is important factor in all models (NO2corl, NO2cor2, NO2cor3,NO2cor4) = - . -

Periode (NL lokale tijd)




Complex pollution transport Boundary Layer Height -

In atmospheric boundary layer ( ;
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Exercise 2023:

Can we quantify firework source strength?

Can we compare years with our measurements?

= Larger volume of fireworks sold in 2022 than
In previous years

= Only decorative fireworks allowed — no

firecrackers
(some 15% of expenditure in 2019-2020)

= According to Belangenvereniging
Pyrotechniek Nederland (BPN):

= Inflation effect: 10 %

= Rest: volume

Differences in volume and chemical
composition

Spent lllegal Legalities
(legal) import
2019- 77 M€ Yes
2020 Quantity?
2020- Yes Ban
2021 Quantity? | (Corona)
2021- Yes Ban
2022 Quantity? | (Corona)
2022- 110 M€ | Yes Only
2023 Quantity? | decorative
fireworks

allowed




Exercise 2023:
Decorative fireworks produce more pollution than

cracker type fireworks

Emission per kg fireworks

PM
Sulfur,calcium
zinc

antimony
copper

barium
strontium
dinitrogenoxide
sulfurdioxide
hydrogensulfide
methane
carbonmonoxide

carbondioxide

11**———— =y e 1-.

=]

20

e
=

60

80 100 120

B decorative fireworks B crackers etc.

Spent lllegal Legalities
(legal) import
2019- 77 M€ Yes
2020 Quantity?
2020- Yes Ban
2021 Quantity? | (Corona)
2021- Yes Ban
2022 Quantity? | (Corona)
2022- 110 M€ Yes Only
2023 Quantity? | decorative
fireworks
allowed




How to compare? Raw data, PM, -

PM; 5 (gemeten) Meetwaarden (per 1 uren) - gemeten bij de stations PM,.5 (gemeten) Meetwaarden (per 1 uren) - gemeten bij de stations
SB927 2 52@ —— SB927
600 Bozs -
SB946 — SBO4G
sB47 | 0 SB94T
500 SB931 200 b— 1§ 00000000001 e 150289
SB348 —-- 150291
SBoe0 — -~ 153953
SB936 --- 153954
£, 40 SET E ~ - L55685
9 L18463 ' 150 —— 157360
e L20117 = — L57361
2 300 SB949 s | &% | | SB931
g’, L8321 é, ..... SB934
-% L20117 % 100 —.- SB941
= s —-- SB948
200 -—- 150460
--- 151217
50 — L57493
100 —— SBY916
y I R SB926
R (A2 ..... SB930
@ : , e —-- SB936
@ —-- SB947
12:00 18:00 (0:00 06:00 12:00 18:00 12:00 18:00 00:00 06:00 12:00 18:00 -=—- SB954
01-Jan 01-Jan -=- 150292
che) 2023 —— 153923

Periode (NL lokale tijd) Periode (NL lokale tijd) —— 157294

Many more stations



How to compare? Raw data, PM,,

PMi, (gemeten) Meetwaarden (per 1 uren) - gemeten bij de stations PM1o (gemeten) Meetwaarden (per 1 uren) - gemeten bij de stations
140;@ —— SB927 25@ —— SB927
—— SB928 —— SB928
—— SB946 —— SB946
120 b Whh—1-—"-"-—"""-—— - | SBO47 e SB947
----- SB931 200 -eeee 150289
—-- SB948 —-= 150291
1000 — = SB926 —-= | 53953
—-—- SB936 ——- 153954
E, ~—- SB947 EI150 ~—- 155585
2 800 — 118463 = —— L57360
& — L2017 & — 157361
s 0 INd A e SB949 s om0 e SB931
S 60 J\4 e L8321 s | i@ | | iy
-% -—e= 20117 .% 100 —.- SB941
= = —.~ SB948
400 —-—- 150460
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..... SBQZG
4.5 /43 N F RS e N SB930
... @ (AR - . - —-- SB936
—-- SB947
12:00 18:00 00:00 06:00 12:00 18:00 12:00 18:00 00:00 06:00 12:00 18:00 -—- SB954
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. 2020 ) 2023 —— 153923
Periode (NL lokale tijd) Periode (NL lokale tijd) — 57204

Many more stations



Comparing different vintages
Use of quantiles to avoid outliers

PM; s (gemeten) Meetwaarden (per 1 uren) - gemeten bij de stations PM; 5 (gemeten) Meetwaarden (per 1 uren) - gemeten bij de stations
* Summarise 250 — sBo27 as
—— SB928 : —:= Q25
range of data — sBoS 350 ! s 1080
. 1 M ) = SB947 i === Q75
N Quantlles: 200 @ e 150289 - 5! ..... Qg5
—-- 150291 I —-= NL404
e Q5 5% of — - 153953 I
——- 153954 T
250 :
data has a E ~—- 155585 3 ,'-
o 190 —— 157360 o |
N N | K
lower value, = — o736 B oo |
0 i s | & | e SB931 g I
95 /0 a hlgher g,) ..... SB934 § l' |
£ 100 —-- SB941 £ 150 el
Q25, Q50, = —-- SB948 = I3
-==- 150460 5]
Q75’ Q95 -—= 151217 100 iy
50 —— 57493 j
—— SB916
° n Yy ey e 88926
Note:. LM\ 4 ooz
—-- SB936
NL10444 data : =i s
added in p|0t 12:00 18:00 00:00 06:00 12:00 18:00  —=- SB9Y54 1200 18:00 00:00 06:00 12:00 18:00
01-Jan === 150292 Oél(-).éz;n
I 2023 — 15392
at the rlght Periode (NLIokaIe tljd) — ngggi Periode (NL lokale tljd)

Data from Samenmeten.rivm.nl vs 1.5 (uncalibr)



Relevant meteorological parameters
2019-2020, 2020-2021, 2021-2022,

— Vwindm

=== grensl
- == LVocht

Wind speed in 1/10 m/s units
Height boundary layer 10 m units

Relative humidity in % rh
Air pressure in hPa — 960 hPa
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Models for dissipation of pollution

= Homogeneous surface source = Point source
= Dissipation to higher atmosphere = Dissipation laterally and to higher
atmosphere

= Equilibrium condition

=1
p /VWindXDBL

"p= 1/DBL ~ 1/VWind




Estimated emissions PM,, — piom | Original measurement

— == P10mcor Correction NO2

2019-2020, 2020-2021, 2021-2022, -== P10mmg| Correction wind speed ~ grenslaag

—-=- P10mgrl Correction grenslaag
..... Piomgrxw  Correction grenslaag x wind speed

Metingen

Meetwaarden bij Q50 (Q50) (per 1 uren) Meetwaarden bij Q50 (Q50) (per 1 uren) Meetwaarden bij Q50 (Q50) (per 1 uren) Meetwaarden bij Q50 (Q50) (per 1 uren)
600 400 :
700 250 3
350 i
500 -
200 300
400 500
250
[ = c
o 400 $ 150 @
300 2 2 2 200
) @ ]
= s =
300 150
1
200 e
200
100 50
100
0 BEfeea RN, 0 L] 0' =
12:00 18:00 00:00 06:00 12:00 18:00 12:00 18:00 00:00 06:00 12:00 18:00 12:00 18:00 (0:00 06:00 12:00 18:00 12:00 18:00 00:00 06:00 12:00 18:00
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800
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500
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300
200
100

0

Maximum Pollution PM,,, PM, :
2019-2020, 2020-2021, 2021-2022,

PM,,, Q75
P10_m P10mcor P10mmgl P10mgrl P10mgrxw
W1920 ®W2021 m2122 w2223
PM,,, Q50
P10 m P10mcor P10mmgl P10mgrl P10mgrxw

1920 m2021 m2122 w2223

600

500

400

300

200

100

0

PM, ., Q75
P25_m P25mcor P25mmgl P25merl P25mgrxw

1920 m2021 m2122 w2223

PM, 5, Q50
P25_m P25mcor P25mmgl P25merl P25mgrxw

1920 m2021 w2122 W2223

— P10_m Original measurement

— == P10mcor Correction NO2

—=- P10mmg| Correction wind speed~ grenslaag
—-=- P10mgrl Correction grenslaag

..... Piomgrxw  Correction grenslaag x wind speed
Conclusion:

Only correction for
boundary layer & wind speed both
give expected behaviour

Point source behaviour

But:
Data without RIVM calibration /leveling




From sensors to numbers

Sensor - sensorcommunity
Sensorcommunity - RIVM
RIVM processing:

= Calibration / leveling to RIVM stations
= Resampling to 1 hour interval

Sources of data used by LV2
= Samenmeten.rivm.nl vs 1.5 (uncalibr)
= RIVM API (uncalibr & calibr)

Issues:

= Understanding calibration / leveling
= Missing data

PM; 5 (geijkt) Meetwaarden (per 1 uren) - gemeten bij de stations

250

200

-
(&)
o

100

Metingen van P25

50

12:00

I —
1
I —
A M
18:00 00:00 06:00 12:00 18:00 B
01-Jan e
2023  —

Periode (NL lokale tijd)

~SB927
~SB928
~SB946
~SB947
~L50289
~L50291
~L53953
~L53954

- ~L.55585

~L57360
~L57361
~SB931
~SB934
~SB941
~SB948
~L47701
~L50460
~L51217
~L57493
~SB916
~SB926
~SB930
~SB936
~SB940
~SB947
~SB954
~L50292

Data from RIVM API (calibrated)



RIVM calibration procedure

= Compare data from sensors in neighbourhood of official RIVM

station with data of this station to derive local calibration factor.

= Are these sensors representative?

= |s pollution at station comparable to the pollution at the sensors?
Location effects? Noise sensitivity?

= Calculate calibration factor for all sensors by inverse distance
weighting from all RIVM stations

= Inverse distance weighting is very simple approach to gridding and
contouring

= |ssues:
= Calculation takes time - gaps in data

= RIVM stations have own calibration pause (at 2 in the morning)

Stations
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PM10 Calibration factors
for LV2 stations

SDS011 stations only
2019 2020 2021 2022
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25

2.0

1.0

0.5

RIVM calibration procedure
PM,,

= Calibration effects quite significant

= Influenced by temperature, humidity

= Both amplifies and reduces the amplitudes
= Mean amplification: 1.2; median 1.1

kal10 Meetwaarden-functie van Vwind
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80 100 120 140 160 180 200
Windsnelheid (*10)
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kal10_Q05
kal10_Q25
kal10_Q50
kal10_Q75
kal10_Q95

kal10 Meetwaarden-functie van TempKNMI
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Temperatuur KNMI station
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kal10

0

kal10 Meetwaarden-functie van P10

0
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PMyo (geijkt)

kal10 Meetwaarden-functie van LVocht

10 20 30 40 50 60 70 80 90 100 110 120
Luchtvachtigheid KNMI station
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—— kal10_Q50
—-- kal10_Q75
----- kal10_Q95




kal10

RIVM calibration procedure - Dependencies
PM,, PM, . calibration factors + time of the day

= Season
Meetwaarden bij BlokGM (BlokGM)
blk10
20 —-- blk25
kal10 Meetwaarden-functie van Tijd kal25 Meetwaarden-functie van Tijd 18 J'l
R gl
— kallo_M — kal25_M o I
kal0_005 kal25_Q05 .
—-~ kal10_Q25 - —-- kal25_Q25 1.6 =
— Kal10_Q50 — kal25_Q50 I I
—-- kall0_Q75 e —- Kkal25.Q75 5 1
----- kal10_Q95 e e kal25.Q95 2 44 l I
! y = l._l | r- I I -
L - HTH -
o . 8 1.2 : ;
v A 15 I I['I “i.rl"' I
ol ¥ | 1507
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Uur van de dag 2020 2021 2022
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Metingen van kal10
N N
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0.5

~SB927
~SB928
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- ~SB947

~L50289
~L50291

- ~SB931

~SB934

- ~SB941

~5B948
~L51217
~SB916

+ ~SB926

~SB930
~SB936
~SB940

- ~SBY47k

~SB954
~L50292
~L52669
~5B929

- ~8B932

~SB933
~SB959
~SB918
~SB942

~SB949
«w

RIVM calibration factors

PM;o PM; 5

arbitrary days

= Large variation from hour to hour
= What is the physics?

= Gaps

kal10 Meetwaarden - gemeten bij de stations

28 29 30 01
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kal10 Meetwaarden - gemeten bij de stations kal25 Meetwaarden - gemeten bij de stations
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RIVM calibration factors

Meetwaarden bij Q50 (Q50)

PMlO PM25 —— P25kKal
arbitrary days == A
= Processing W
25
= Deduce calibration factor from M
RIVM API data -

= |nterpolate

Metingen
>
i —
\

= Apply to uncalibrated data from

samenmeten.rivm.nl o

= Observation: ; “
Calibrated time function shows higher ’ VA
frequency behaviour
than original measurement 2 27 28 2 20 31 o1

Nov
2022

Periode (NL lokale tijd)

End October 2022



kal10 Meetwaarden - gemeten bij de stations kal25 Meetwaarden - gemeten bij de stations

RIVM calibration factors -
PM;o PM; 5 | ;
New Years Eve
= |n 2022-2023 E ‘
= Peak (amplifying with factor 2.5) T AR V
= No such thing in previous years . ) | —— . L -

2023
Periode (NL lokale tijd)

2023
Periode (NL lokale tijd)

kal25 Meetwaarden - gemeten bij de stations

kal25 Meetwaarden - gemeten bij de stations kal25 Meetwaarden - gemeten bij de stations
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RIVM calibration factors @ New Years Eve
PM,,

kal10 Meetwaarden - gemeten bij de stations

kal10 Meetwaarden - gemeten bij de stations

— S
| _— e — SB946
= Suspicion: = s 10
N s ~7 soomn
= RIVM calibration ~-~ Sous -
station environment e -
iS not representative T s FARN A N 1 |/ el
_ S I N N | S SB926 s -- SB930
for the environment i e ‘ = s
of the sensors used : I s v
in the calibtation | i == " S0
procedure 1 ipeives
0.5 —.= SBY59 -~ SB918
--=SBO18 -=~ SB949

= In The Hague: il o, |

11c 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 30 31 01 02

= Rebecquestraat NL10404 Do )

an
Periode (NL lokale tijd) — l°kale2"0j§(;

= Calibration CS stations:
= Rijswijk, Leidschendam




RIVM calibration factors @ New Years Eve
I:)MZ.S

PM; 5 (gemeten) Meetwaarden (per 1 uren) - gemeten bij de stations

Q5
= Suspicion: S5 é -
. ; 1 -=-= Q75
= RIVM calibration 5 ;! e 68
station environment i
IS not representative 250 l

for the environment
of the sensors used
in the calibration
procedure

200 I |

Metingen van P25_m

= In The Hague:

= Rebecquestraat NL10404
(very high signal, starting
early)

- Calibration CS Stations: 12:00 18:00 00:00 06:00 12:00 18:00

01-Jan
2023

= Rijswijk, Leidschendam Periode (L lokale tiid)
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tl1h |

—— p1okal = Calibrated measurement

——- P1ocor = Correction NO2

--- P1omgl = Correction wind speed~ grenslaag
- =~ P10grl Correction grenslaag

—— P1ogrxw ~Correction grenslaag x wind speed

Conclusion:
2020-2021 response always higher
than expected (Wind speed issue?)

Correction using boundary layer
essential to ensure that 2022-2023
pollution exceeds 2019-2020




Conclusions

Meten = Weten?

straightforward

= Simple model fails for situation of very low wind speed

= Boundary layer thickness is rather critical parameter

RIVM calibration method

— Vwindm

= Data are not what they seem to be.
= Correction for meteorological effects at fireworks not

80

60

Metingen

= changes the signal to a significant extent, and

= introduces high frequent behaviour

__________ ~ === grensl
’ -=- LVocht
=== Ldruk960

-
——————

12:00 18:00 op:00 06:00 12:00 18:00

01-Jan
2021

= Large variability in sensor signatures dependent on distance to firing of the fireworks

= In how far does that affect the calibration procedure?

Acknowledgments: Walter Takens (Gouda), Rob Groenland (KNMI),

Nino van der Wilk, Diederik van Hemert, Wynfrith Meijwes (LV2)
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