
Global NH3 distribution

And finally… one more ammonia story 
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NL: INSECTS DECREASED BY 75%
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Wet deposition  30 %   Dry  deposition 70%



PROTEST

https://www.google.com/search?q=boerenprotest++binnenhof&sxsrf=ACYBGNQ1Si24m7rlbZUg_C_-y-M96XprMw:1579677321866&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjMnoTN1JbnAhUPIlAKHVB0BLMQ_AUoAnoECAsQBA&biw=1536&bih=774
https://www.google.com/search?q=boerenprotest++binnenhof&sxsrf=ACYBGNQ1Si24m7rlbZUg_C_-y-M96XprMw:1579677321866&source=lnms&tbm=isch&sa=X&ved=2ahUKEwjMnoTN1JbnAhUPIlAKHVB0BLMQ_AUoAnoECAsQBA&biw=1536&bih=774


Measure  concentration  calculate 
deposition

“ inferential”  
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Nemitz et al., 2001

KhsKha
KhhonoKhc

Kn1 Ks1Kc1Ka

NH3,aq CO2,aq HNO2,aq

NH3 CO2 HNO2 SO2

SO2,aq

CO3
2- SO3

2- SO4
2-

NH4
+ HCO3

- NO2
- HSO3

- HSO4
-

Ks2Kc2 Ks3

Kw

H2O H++OH -

d

Rd

 AQUEOUS

 GASEOUS

Kha

s(NH3)

R s

Rcut

Fcut

Rb

Ra{z-d}

{z-d}

{z0’}=c

{z0}

 WET  DRY

HNO3

HCl

Cl-

NO3
- H2O2

O3

 APOPLAST

F t

Fd

F s
K+Mg2+

Na+ Ca2

+

K+Mg2+

Na+ Ca2

+

Ka

NH3,aqNH4
+

Kw

H2O H++OH -

G = [NH4
+]/[H+]

c

compensationc

a air concentration

cuticular
resistance

boundary 
layer 
resistance

atmospheric resistance

stomatal
resistance

sstomatal 
compensation
point

ATMOSPHERE

CANOPY

In-canopy
resistance

l soil 
compensation
point

canopy

point



14

RESULT  EXAMPLE

NL typical:  Wet deposition  30%   Dry deposition 70%

prominent NH3 role (green)

2011 2016



MODEL depend on ecosystem& season

if Concentration=X ug/m3 & Meteo = Y

MODEL depend on ecosystem& season

if Concentration=X ug/m3 & Meteo = Y

INFERENTIAL  CALCULATION 
MAP data

Ecosystem 

METEO

MEASURED 
CONCENTRATION 

MODEL depend on ecosystem& season

if Concentration=X ug/m3 & Meteo = Y

CALCULATED 
DEPOSITION LEVEL  

ug/m2/s

Model parametrisation need for :

• Needle forest

• Deciduous forest

• Water

• Grassland

• Arable land

• Semi natural ….. And more …. 
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MODEL depend on ecosystem& season

if Concentration=X ug/m3 & Meteo = Y
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Wet deposition  30 %   Dry  deposition 70%
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2015  DISAPPOINTMENT IN THE DUNES



Measured & gapfilled  132 ±32 mol ha 1 yr
(= 1.8 kgN/ha/y) 

Factor 2 difference between model and measurement

Disappointment in the dunes

MEAS

MODEL



DUNES…. MAP data

Ecosystem 

METEO

DEPOSITION LEVEL  

ug/m2/s

Grass ???
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Emission

22

Fowler et al., 2001

Emissie=0.15g/s



Farm plume campaign 2023

.



Vertical plume measurements on the crane



Test HT 
instrument NH3
&  MIRO GHG 
data 

• NH3 at  300m  distance  

• On this day  20 ug/m3 –
isch

• Wonderful  correlation 
with  closed path  

CH4 (cows)  &  N2O( 
=tracer !!)



Vertical profile reproduced by plume model

Model 

Concentration NH3, CH4 and N2O 
tracer is reduced at larger heights.

Tracermethod and model also 
applicable on vertical plume 
measurements
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Noni, Huilin & Steven RUG



Noni, Huilin & Steven RUG



Application of tracer method
M
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ay

750 m

Inside 

AERODYNE: CH4 N2O CO2

Outside: 

HT: NH3



Quantiagremi EU project 

VSL 
TNO
VTI ( Germany)
CEH (Scotland )
WLR

Special guests :
Oneplanet
RIVM

2024 campaign



Gauss model 
TRACER

FARM 

Farm 350 m away 

CH4 plumes 100ppb

NH3 plumes 10 ppb
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When you have more time at one farm

FARM 1 FARM 2

FARM 3 FARM 4 FARM5

TAN project (RVO)

DMS, 

Louis Bolk, 

Leiden University, 

Peter 





Jun Zhang e.a
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MODEL depend on ecosystem& season

if Concentration=X ug/m3 & Meteo = Y
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Prove that MODELS ARE not LOUZY…
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STEP  1:  (RITA) HT –DOAS Cabauw 
intercomparison

CAN WE TRUST THE RULES ?  1 =  CAN WE TRUST MEASUREMENT =OK



Eddy Correlation (EC)

wind
up

down

peak

“dip”

Correlate = emission



HT MiniDoas

EC Gradient

IR UV

POINT 20m path 

OK
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NL RUISDAEL program



Loobos site       ICOS  FLUX  LEVEL 2 site  
Running now TNO

RIVM NH3 deposition

>25 years of CO2  flux data  !!!



CONCENTRATION PATTERN 

Add in 2023 

HT-NH3 open path instrument  



RESULT LOOBOS 2023 

50
Pascal Wintjen, Harmen van Mamson &  Jun Zhang + RIVM crew

Cumulative = 

Add all valid fluxes…



2024 

Deposition velocity  calculated *

* HT calibrated versus DOAS



2024 Right for the wrong reason?  working 
on that

Deposition velocity  calculated *

* HT calibrated versus DOAS



MODEL depend on ecosystem& season

if Concentration=X ug/m3 & Meteo = Y

F orest

MODEL depend on ecosystem& season

if Concentration=X ug/m3 & Meteo = Y

Prove that MODELS ARE not LOUZY…
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FOREST MODEL ?   
Speuld tower like data 80-90’s

hoist

Cabin with dataaquisition units

37m  Sonic anemometers

36m  SO2 ,SO2 Ref, NOx

35m  T, Td

34m  NH3

33m  SO2 ,NOx, Rn T, r.h.

29m  SO2 NOx

28m  NH3, HNO2, HNO3, HCl

27.5m fog detector, aerosol & fog water sampling

25m  SO2 NOx T,Td

24m  NH3

16m  T,r.h.

8m T rh

3 heights NH3

GRAHAM  NH3 denuder

At the start : 3 tower setup

SPEULD data =  FOREST SPECIFIC RELATION BETWEEN  NH3 CONCENTRATION LEVELS AND DEPOSITION 



Conclusion  & Wrap up 

• With the new HT instrument we can now do 

• Emission measurements  Farm experiment (remember the RUG drone too !!!)

• Transport check  in / out forest &  large area check 

• NH3 eddy covariance measurements 

• agree with ( completely different) RIVM – atmospheric gradient measurements !

• have a high data coverage

• The “FOREST”  parametrisations in DEPAC works quite well for Loobos site.



Conclusion  & Wrap up 

• With the new HT instrument we can now do 

• Emission measurements  Farm experiment (remember the RUG drone too !!!)

• Transport check  in / out forest &  large area check 

• NH3 eddy covariance measurements 

• NOW: Redo the dunes

• And wetlands

• And broadleaf forest 

• And …

• ALSO: use it for industrial NH3 emissions in relation with Hydrogen infrastructure.     





TATARATIEEE !!!! :  Hydrogen !



Questions: Jun Zhang,  Pascal Wintjen 
Arjan.hensen@tno.nl

Thank you for your attention
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