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Paired-watershed monitoring in the Philippines (2013.06 —2014. 06)
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8 November 2013: super-TYPHOON HAIYAN strikes...

\ SUPER TyPHOON
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March 2019: joint TNO, Applied Science Research Institute of NL
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The dual role of nature-based carbon sinks

Human disruption of the global carbon cycle

-

dature-bas&d carbon
sinks have a dual role

+56.2

w
O land-use change u = =
g . TZeon in climate action
a 9.6(+0.5)
Nature takes up carbon dioxide in its sinks, such as forests,
N land uptake ocean uptake soils and the ocean. For a carbon-neutral future to be realised,
= 31(x0.6) total human and natural emissions cannot exceed what sinks
= ‘w can absorb. Fossil fuel emissions must go to zero. ICOS
. provides almost real-time data on how nature responds to
these reductions, which can be a powerful tool for informing
— vegetation coasts which climate actions might actually be counterproductive.
15 GtC 450 GtC 10-45 GtC Katrl Ahigren, Werner Kutsch, Sindu Raj Parsmpil
x . :
o oilreserves permafrost @ organic carbon Porth
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Source: FLUXES the European Greenhouse

Figure 1. Average human influence in the global carbon cyclein GtC per year, gigatonnes of carbon, for the decade 2012-2021. G as B U[[e tin, VO lume #2_2 023
adapted from Global Carbon Project 2022°.
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Net carbon dioxide uptake in the land ecosystems of Europe

The maps use highly-
integrated products based
on observations, inventory
data and models (hence

are not the outcome of one
kind of data alone). The
colour scales in the maps are
different to account for the
different magnitude of the
fluxes.
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Net carbon dioxide uptake in the ocean of Europe

Strong CO2 uptake in the open ocean. Fluxes in the coastal areas, the Baltic Sea, the English Channel, and the
Mediterranean Sea show a more complex pattern of sources and sinks. The inter-annual variation is small.
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Carbon dioxide emissions from human activity

-1 [ 1
Total smissions 2022

CO2 emissions from human activity include contributions from electricity production, industry, households,
ground transport, aviation, shipping and cement production. Highest emissions are seen in industrial areas and
densely populated cities.

13 8/6/2023 Add a footer



Forest carbon sink ?

— forest facts —

FORESTS COVER AROUND 40 %
OF EUROPEAN LAND

THE MOST FORESTED COUNTRIES IN EUROPE ARE

SWEDEN SLOVEMNIA AND ESTONIA ;  oftotal EUgreanhouse gas
i emissions each year are
:  absorbed by EU forests.

HEARLY

. Proportions of forest carbon
! pools in Europa 2020

i

»

o
=

"% 54 %

¢ Soil53,9%

| Litter8,4%
:  Below-ground biomass 6,9%

rﬁ‘] a i Clear-cutting turns a forest
i into acarbon source. It can
| take

i upTO YEARS®

.of the total land ares in 2020, :
¢ until the forest becomes a

) : sink again, and 20-40 years

The EU total carbon sink until initial emissions are
from forests and their soil :  compensated for.
decreased by nearty a third H

in 2010-2020, from 430 to ;TS AP momry gt
290 million tonnes of COs i ﬂn’:’mﬂm‘f::ﬂsfﬁ:}'ﬁ
equivalent peryear L Sl In gued o,
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The EU's total forest carbon sink decreased by nearly a
third between 2010 and 2020. This decrease is attributed to
increased harvests and natural ageing of the forests.

FLUXES

™

We need to:deols.ar h

society, not rely sole

on forests.
Dr Clemens Blattert, Scientist, WSL

Modelling of the forest carbon sink under
three di ent Finnish forest strategies

BT e

FEEFEE S

Mational Forest Strategy
— Biodiversity Strategy
— Bioeconomy Strategy

Figure 4. Graph showing the results of a modalling study done on the
autcomes of three different Firnish forest strabegies. The madel did
not include ratural disturbances (Le, insects, storms, ar droughts).”



Ocean and agriculture carbon cycle

oo Carbon cycle in agriculture

Services and benefits brought Human activities threaten
by healthy coastal ecosystems coastal ecosystems

£ L 2 *_“» b *nﬂ' e ‘H sl Vegetation
ﬂ.ﬂ : m M M Jﬂ C:?éq::.lglkz
(NPP)

Soil Carbon

Currently, blue carbon observations around the world are almost —
all project-based. There are no long-term studies, and there are no e e, g0 ot
standardized measuring processes.
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Nitrogen emissions into the Environment

o T 9000

* Limited natural availability of |
. ) 8000 - Total anthropogenic i Z
reactive nitrogen (N,) — great N:production 200 %
demand for synthetic fertilizer 7000 - Population &
S
* N,: NH,, NO, NO,, HNO,, HONO, 6000 - 150
pNO3, pN H4 5000 - Fertilizer %%
. Meat o=
* 1908: Haber-Bosch process — 2 4000 - L 100 £2
:;‘: = (3 'g;
(NH,): N, + 3H, — 2NH; EF EE
* Industrial revolution: increasing  ££- ., o, £%
. . = = . . o .=
concentrations of nitrogen *E Nitrogen Oxides Y
: = 1000 A T
oxides (NOy). 25 cF

1900 1920 1940 1960 1980 2000 2020 2040

Image source: Erismann et al. (2015)
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Reduction Targets )
for Nitrﬂgen Greenhouse Gas emissions

in the Netherlands

- 12% Areas with fewer restrictions deriving -

from water, soil, nature and nitrogen ,_,4" - X
—— s Y

12% Areas (Province of) Geld Erlamif, .
- 47% Transition Area y
47% Peat Meadow Area J

58% Reduction following
from deposition potential
in Gelderland

70% Ring around nitrogen
sensitive Natura 2000 areas

I >95% Natura 2000

Matuur Netwerk
Mederland

(Semi) Built-up Area
and Recreational &
Area P

____ Border of
Province

50 km

Source: LISDA; Startnotitie MNationaal Programma Landelijk Gebied (2022) o MONGABAY
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https://ec.europa.eu/commission/presscorner/detail/en/ip_21_6265
https://www.theguardian.com/environment/2021/sep/09/netherlands-proposes-radical-plans-to-cut-livestock-numbers-by-almost-a-third
https://www.nationalgeographic.com/magazine/article/holland-agriculture-sustainable-farming#:%7E:text=This%20Tiny%20Country%20Feeds%20the,leafy%20greens%20at%20Siberia%20B.V.
https://www.theguardian.com/environment/2021/dec/15/netherlands-announces-25bn-plan-to-radically-reduce-livestock-numbers#:%7E:text=The%20country%20has%20the%20highest,chickens%20and%20pigs%20in%20total.
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Reactive Nitrogen (N,) —
Environmental effects

* Biodiversity loss: eutrophication and
acidification — e.qg. grassing, leaching of
minerals, algae blooms, fish death.

* Health effects: respiratory diseases due
to particles and Ozone (O,), lower drinking
water quality.

* Climate forcing effects: formation N,O
and O, (warming) versus impacts on CH,
depletion, carbon sequestration, and
particle formation (cooling).

Images source: Sutton et al. (2011), wikimedia.org
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Nitrogen in the nature?
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Path through the air

uchtconcentratie @

2016-2020

depositie’

S

Total nitrogen depostion = NOy (wet) + NOy (cdry) + NHy(wet) + NHy(crg)



23

Measurementin the air

* NH, concentrations is “'. ..
O e _° ®
difficult to measure ®, °°
a ©O.

* because it dissolves
easily in water

* suction problem
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Comparison of N emissions and deposition in the process
of pollution control in the USA, Europe, and China.
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(@) NOy emissions and NOy deposition
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source: Zhou et al, Estimating nitrogen and sulfur deposition across China during 2005-2020 based on multiple statistical models (2023).
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Current status of N depositionin China  :- of
- * 52
» Comparison of relative change rates of 3" 10 %
emissions and deposition in the process of " 0s £
pollution control in China, Europe, and the USA. . o
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Ammonia pollution in China

Ammonia (NH 3): NH3 source contributions in China (2012)
* Important precursor of PM2.5 p s
* Locatized emission/depostion

* Mainly from agricultural sources

June, 2374 2013

Fertilizer

B Livestock ® Fertilizer B Human excrement
[ Biomass burning M Argricultural soil B Chemical industry
B Compost B N-fixing crops Bl Waste disposal
B Traffic B Ammonia escape
Kang, Y., Liu, M., Song, Y., Huang, X., Yao, H., Cai, X., Zhang, H., Kang, L., Liu, X, Yan, X., He, H., Zhang, Q., Shao,
Cleflll day POlluted day M., and Zhu, T.: High-resolution ammonia emissions inventories in China from 1980 to 2012, Atmos. Chem. Phys., 16,

2043-2058, https://doi.org/10.5194/acp-16-2043-2016, 2016.
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The motivation of desigh A good NH, analyzer

« Aim: HRERFEER ERFFEXNARESREFEFNHIFER/ NEEERE
« METHOD: Use QCL¥%iEH AR open-path (JE&Z) NH; analyzer
Apply Eddy Converiance Method GREIAGERA)

- Requirement:

 Highly sensitive and high frequency sampling speed
« Large concentration range ( pre & post fertilizer)
- Reduce NH; absorption loss
 Low power
« Apply at remote monitoring station without main power

« Deploy rice field/wetland/coastal area without wet-issue




|1}
L2

R R——R R IR AT AP

e S NS o 5/ el A P A s Sl = R a4
s LETHEAAEE B MEAR (QCLNCL+TDLAS- A #EBOLRBOEEEE R) # & R A A

V4
\/

- .

o PO EEAAR . P SR B AR CERE I L O ' 1 AT T A

HEALTHY

~ | SBIREET M

ARz MR 2%

WE SEE THE WORLD WITH LASER PRECISION

30



FIE R0 HTXEHHRELY], @Princeton

* Mid-InfraRed Technologies for Health and the Environment (EZELAEMERTIAS
FMISEETRZ N EL

- FERRDTEHRRELHNEEE T 1L
(Courtesy: Prof. Mark Zondlo, Princeton University)

EC flux measurements-of CH,, NH;, N,O,
CO, and H,0

i
=l |V
R

'\ 3D design A
. of the tower
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Product design = update = optimization
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Structure
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BFEBERATRE XS (QCLAS)
MEBEE:0.5m; BHXE:50m
0.5 ppb/ 0.15 ppb/ 0.05 ppb
0-5ppm (HfihEiEolk)
10Hz

70 - 110 kPa

0-99%

-10 -~ 45 °C

B Campbell Scientific * REECFETFE
PCEUIFE
RS2325 O (k4 A M & i)

18 to 29 VDC

50 W

834mm X @200mm

S5kg

IP6T

HT8700E
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HT8T00E-DL (a7 )
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Advantages of HT-8700 NH; open-path analyzer
o RLAMISIIRRCHELR : SLBLE R (Wppb) | RN

FEROBBE BT G U T PRI BRI 1OHZER RS, s sE /)N
BHERKREBRETE: (XAHEHE, ThFEIL (50W) , FPERE




Indoor comparison

Indoor Ammonia Measurement
100 : ,

——LGR
HealthyPhoton

/ People enter i
| ( |
|

LGR sensor

80 -

60 -

40

Ammonia (ppb)

20 -

O 1 | 1 1
2019/9/25 10:00 2019/9/25 22:00 2019/9/26 10:00

* The open-path sensor shows better response to NH, concentration change
due to personnel entery of the room
* ~30% discrepancy due to calibration or sampling loss

* In collaboration with State Key Laboratory of Atmospheric Boundary Layer Physics and Atmospheric Chemistry,
Institute of Atmospheric Physics, Chinese Academy of Sciences, Beijing, China




NH, [ppbv]
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Measurement aCCuracy

i HT8700
Lﬁ Closed-Path Analyzer
2 4 6 10 12 14
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Respons speed
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Case study in the Netherlands

* HT's first long journey from CN to
Cabauw, the Netherlands...

43 8/6/2023 Add a footer



Motivation and Aim of the Cabauw RITA-campaign

NH, dry deposition is the largest fraction of nitrogen deposition

Very difficult to measure (close-path versus open-path)

Until recently only monthly averaged measurements
Ruisdael campaign aim: at least half-hourly measurements to
see the deposition and emission PROCESSES.
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Four main goals to measure Nitrogen

validataion and calibration
for the models

- studying nitrogen processes ’ N

- assessing the quality of other
Follow N development in real-time measurements

n v




Soil: Peatland, covered by heavy clay
Land use: grassland
Occasionally grazing animals on the north side.

Campaigen period:Aug. 27 — Oct. 11, 2022

e (N T TN = 8 Average Ty, : 14.8°C

i Precipitation: 84 mm

Dominant wind direction: South

m innovation
for life




NH, dry deposition
measurement in Cabauw

NH; flux measurement

Aerodynamic flux Eddy Covariance
Gradient method (AGM) method (EC)

3D Ultrasonic Anemometer

+ +
2 X Mini-DOAS HT8700

+ +

Temp controlled housing H,O Analyzer




2021 RITA CAMPAIGN: OPEN-PATH INSTRUMENTS

BROADBAND UV-BASED MINI-DOAS2.2d (RIVM, nl)

i

QCL INFRARED-BASED HT8700 (HEALTHY PHOTON LTD., CN)



MINIDOAS — cross measurement

quantify and correct the bias

{

Concentration NH; miniDOAS,,, (1g m")
o X
| |

—
o
I
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Concentration NH; miniDOAS,,,40m (MG
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1.0—
n. 64
avg: 0.005
o: 0.05

0.5 g/vn: 0.007

n: 5
avg: -0.14

o0:0.012
a/vn: 0.005

n: 136
avg: 0.003

o: 0.10
a/vn: 0.008

-0.5—

.-":,.-'ﬁh
-

WX

Concentration difference (ug - m'3)

0.0 W‘L =

August

September

October

24'25'25'2?'|1?'1a'19'2n'21'|1'2 3'4 5'5'?'5'9'10'11'12'

Figure 6. Top trace: Time series of de observed NH: concentration difference between the two miniDOAS instruments during the
three cross periods, after correction of the top miniDOAS values based on the intercalibration as described in the text. Only data

during well-mixed conditions (u, > 0.1 ms !

) are shown. Measurements from obstacle-free wind directions are blue, other

directions are grey. The sets of statistics given in the plots apply to the blue measurements only. Bottom trace: 30-minute wind
vectors colour-coded with the wind sectors described earlier. Wind speed is indicated as barbs, as used on meteorological maps. To
reduce clutter, only 1 in 4 wind vectors are shown.
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HT: Eddy Covariance method

* Direct measure fluxes

* Quick response (10 Hz)

FNH3 = —WINHé

* Corrections needed:

* Concentration offset
* Density changes (WPL)
* Missed flux due to not measuring small eddies (dampening)

* Instrument in the testing phase at Dutch field

54
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Measured concentrations
HT MEASURED CONCENTRATION SLOWLY CHANGES WITH AIR TEMPERATURE
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Concentration difference (HT ,,, - Upper DOAS) (ug/m?3)

10
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30-8-2021 +

31-8-2021 +

1-9-2021 +

2-9-2021

3-9-2021

4-9-2021

Concentration difference (raw HT - miniDOAS,y,) (bg m™®)

" —

-15

=-0.0009x® + 0.0975x2 - 1.7713x + 0.6699

R?* =0.6846
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15 20
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, Measured concentration comparison
AFTER HT-TEMPERATURE CORRECTION: HIGHLY COMPARABLE
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Measured NH, fluxes comparison
OBSTACLE-FREE AREA: HIGHLY COMPARABLE
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 Potential cause of flux difference

FLUX FOOTPRINT ANALYSIS

/500

Flux footprint is the upwind area where the atmospheric y [m]

flux measured by an instrument is generated. Specifically, 1000 500

[m]
the term flux footprint describes an upwind area "seen" by o

the instruments measuring vertical turbulent fluxes.

Three main factors affecting the size and shape of flux

footprint:

* measurement height

» surface roughness

 atmospheric thermal stability (Figure from https://footprint.kljun.net/)
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https://footprint.kljun.net/

Footprint and homogeneity: key factors influencing flux comparison
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, Measured NH, fluxes comparison
DIURNAL CYCLE OF AGM AND EC NH, FLUX: COMPARABLE

Whole period
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Lessons learned from this Campaigen

 Half-hourly measurements proved feasible.
* Both instruments show:
oComparable deposition values
oSimilar structures of time series and diurnal cycles

* MiniDOAS had ~100% uptime outside calibration periods (~35% of the total
period).
« HT data loss during rain (~21% of the total period), and mirror deterioration

 Although HT measured concentration is sensitive to air temperature, it almost
had no impact on its fluxes.



Observational relationships
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Schulte et al, 2023. Observational relationships between NH3, CO2 and evapotranspiration

https://doi.org/10.5194/egusphere-2023-1526
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Observational relationships between NH; ,CO, and ET
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« There are relationships between the observed NH; flux and the other turbulent surface fluxes such as sensible heat flux
and photosynthesis, i.e. the stomatal exchange of CO, and water vapor (plant transpiration).

» The process of photosynthesis has been more widely studied and such observations can be used to advance our
understanding of NH; surface-atmosphere exchange through the individual exchange pathways, e.g. stomatal exchange.

Schulte et al, 2023. Observational relationships between NH3, CO2 and evapotranspiration. https://doi.org/10.5194/egusphere-2023-1526
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» There is high correlation between the observed daytime NH3 emissions and LE (0.70) and the photosynthetically active
radiation (PAR, 0.72). These results provide a first order quantification of stomatal emission of NH,.

+ It shows that collocated flux measurements of CO, and water vapor are appropriate variables to distinguish stomatal
NH; exchange from non-stomatal exchange.
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The 2" case study in the Netherlands
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Case study: Total N deposition measurement
at Veenkampen, the Netherlands

> More homogeneous footprint

> No sheeps around




Veenkampen

2 sonics from TNO at 2.6 m, 2.8 m height

SONIC1_72 cm from HT_165 cm from LICOR-7500

SONIC 2_65 cm from HT_15 cm from LICOR7500

S3: from RIVM at 1.6 m height: close to miniDOAS

S4: from WUR at xx height, > 5o m away in SW



MD NH; flux (ug s7'm-2)

Compare HT*-MD measured fluxes
(note: corrected HT flux as primary result )

Two systems —two methods both show deposition flux at the site.
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3 Chamber measurement ?

NH

Auto

[

5 0 o v M

Add a footer

8/6/2023

83



2023 August
Evergreen Needleleaf Forests
NH; flux measuring at ICOS station

;," 2 i’ - o A i a -
#1COScapes - Loobos ICOS- the Integrated Carbon

Observation System, is a European-wide
greenhouse gas research infrastructure

ICOS NETHERLANDS

Loobos

ONE OF THE WORLD'S OLDEST CONTINUOUSLY RUNNING MEASUREMENT SITES
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HT measured NH3 concentration at Veluwe area
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Modelled emission

. NH./CH
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Conclusions

 Climate change and Nitrogen crisis is strongly connected.

* Dry NH; deposition contributes to a large portion to total nitrogen deposition.

* NH; are the most challenging gas to be measured.

* Innovative equipment is available to use now.

« The methods (even EC method) to calculate N — fluxes still have their limitations.

* Development are still needed in both flux measurement instruments and analytical
methods.

 Bridges between Carbon — Nitrogen communication still need to be established.
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Thanks for your attention!
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