
N flux measurements and the NEU N flux measurements and the NEU 

flux network flux network 
Level 1Level 1--22--33

Activity 1.3: Fluxes, pools and budgets (NERC)

Activity 1.4: Plant & soil pools and processes (SUN)

Activity 1.5: Inferential N fluxes and C interactions (NERC)



C1 NEU flux networkC1 NEU flux network



LandLand--atmosphere exchange of nitrogenatmosphere exchange of nitrogen

Nitrogen community split into 

separated research efforts
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BiosphereBiosphere--atmosphere atmosphere 

interactions interactions 

of ammonia with European of ammonia with European 

GrasslandsGrasslands

Example of NH3 fluxes from the 

4 different systems, pre-cutting, 

post-cutting and post-fertilising.
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Life programme: Life programme: AuchencorthAuchencorth MossMoss

Eddy correlation system:

•CO2, H2O & turbulence 

(temperature & windspeed)

Gradient system:

• O3, NOx, SO2

Bowen Ratio system:

• dewpoint, temperature, net 

radiation

• soil heat flux and 

temperature

Also: Surface wetness, Rainfall, Solar radiation, 

NH3, heavy metals

Auchencorth - CEH



Annual atmospheric N deposition to the 

3 LIFE flux monitoring stations
Table 8.3. Annual atmospheric N deposition to the 3 LIFE flux monitoring stations. 

 

  Auchencorth Moss Melpitz (b) Speulder Forest (b) 

  kg N ha-1 a-1 % of Nt 
(a) kg N ha-1 a-1 % of Nt 

(a) kg N ha-1 a-1 % of Nt 
(a) 

NH3   2.5 30% 7.2 41% 17.9 37% 

NH4
+ Dry 0.3  0.7  4.7  

 Wet 2.4  4.7  11.3  

NHx 
(c)  5.2 64% 12.6 72% 33.9 71% 

        

NO3
- Dry (d) 0.4  1.0  5.1  

 Wet (e) 1.9  3.3  5.2  

HNO2   0.1  0.3  1.0  

NOx 
(f)  0.6  0.2  2.8  

NOy 
(g)  3.0 36% 4.8 28% 14.1 29% 

        

Dry  3.9 48% 9.4 54% 31.6 66% 

Wet  4.3 52% 8.0 46% 16.4 34% 

        

Nt 
(a)  8.2  17.4  48.0  

        
(a): total atmospheric N input (= NHx + NOy); 

(b): Source Erisman et al. (1996); (c): total reduced N (= NH3 + NH4
+); 

(d): gaseous HNO3 + particulate NO3
-; (e): in rain only; (f): NO2 + NO; 

(g): total oxidized nitrogen. 

From C. From C. FlechardFlechard, PhD thesis, PhD thesis



NofreteteNofretete
Nitrogen Oxides Emissions from European Forest Ecosystems
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NOFRETETENOFRETETE

The relationship between N deposition andThe relationship between N deposition and

NO & NNO & N22O emissionsO emissions



NOFRETETENOFRETETE

Soil manipulation experimentsSoil manipulation experiments



Detrital Plant Biomass: 129
(Spruce: 117)

(- Canopy:        74)

(- Roots: 43)

(Understorey:  12)

Uptake by roots: 141
(Spruce: 129)

(Understorey: 12)

Microbial

Immobilization: 374
(NH4

+ 84 & NO3
- 290)

Leaching: 21
(NH4

+:   <1)

(NO3
-:    21)

(N2O: <0.01)

Mineralization: 512

Throughfall: 28
(NH4

+: 18)

(NO3
-: 10)

Volatilization: 16
(via Nitrification: 6)

(via Denitrification: 10)

(N2O:  1)

(N2:     7)

(NO:    8)

Norg Soil Pool (SOM)
Store: 9019

Balance: -8

Ninorg Soil Pool

Nitrification: 315
Store: 43

Balance: ± 0

N Mic
(incl. Mycorrhiza)

Store: 54

Balance: ± 0

N Plant
Store: 1391

(Spruce: 1363)

(Understorey: 28)

Balance: 16

Microbial

Detritus: 375

Gaseous Deposition

at forest floor: 12
(NH3: 10)

(NO2: 2)

Total Uptake: 145
(Spruce: 133)

(Understorey: 12)

Gaseous Deposition

and Uptake by 

Canopy: 4

(NH3: 2)

(NO2: 2)

504

Biological 

N2-fixation: 1

N cycling at the Höglwald spruce site



Average GHG exchange of Average GHG exchange of 

9 European grasslands9 European grasslands

The message regarding net GHG of grassland depends on scale



The control of NThe control of N22O fluxes from Europe’s O fluxes from Europe’s 

grasslandsgrasslands

FlechardFlechard et al, AEEG, submittedet al, AEEG, submitted



NitroeuropeNitroeurope C1C1

Schematic diagram of the N cycleSchematic diagram of the N cycle



Component 1  Component 1  

Flux networkFlux network

• Level 3 (“13 Super Sites”): N and GHG fluxes: 

Core Measurements + Special Topics.  Includes 

high cost micromet methods and process analysis.

• Level 2 (“ 9 Regional Sites”): Basic N and GHG 

flux monitoring, e.g. COTAG, simple cuvettes

• Level 1 (“50 Inferential Sites”): Basic N air 

concentration measurements at 50 CO2 flux sites.  

e.g. DELTA low cost denuders.



NitroEuropeNitroEurope::

Flux network (C1)Flux network (C1)

& Manipulation& Manipulation

network (C2)network (C2)

13 Level 3 Super Sites

9 Level 2 Regional Sites

50 Level 1 Inferential Sites

22 Core Manipulation Sites

14 Assoc. Manipulation Sites



Forest networkForest network

Hyytiälä
Soro



Grassland  networkGrassland  network

Bugac semi- arid grassland

Easter Bush 



Arable networkArable network



Wetland networkWetland network



Acitvity Acitvity 1.3 Detailed N budgets and 1.3 Detailed N budgets and 

pools for level 3 sitespools for level 3 sites

• Eddy covariance CO2

• Soil N2O & CH4 by autochambers

• NOx/O3 by autochamber/micromet.

• Meteorology & soil climate

• Air conc. of  NH3, HNO3, NH4, NO3

• Bulk wet NH4 & NO3 dep., DON? ,throughfall & 

stemflow

• Soil description               OnceOnce

• extractable mineral N       Weekly/ monthly?Weekly/ monthly?

• Estimate of N leaching, denitrification

• Plant biomass, LAI, Foliar N… (Carboeurope protocol)

• Detailed description of site management

ContinuousContinuous

Monthly/ Monthly/ 

weeklyweekly



AcitvityAcitvity 1.3 Detailed N budgets and 1.3 Detailed N budgets and 

pools for level 3 & 2 sitespools for level 3 & 2 sites

Appendix B: 

Protocols of Mandatory Measurements

Tuesday 14th March Parallel Group Session 2: 

16:00 – 18:00

Room B : Fluxes, concentrations, meteorology /  

autochambers

Room C:  Soil, vegetation / chambers



Org N Ammonium Nitrate

Dissolved 
ON leaching

NOx

N2O

N2

N fixation

Nitrate 
leaching

Plant N 
uptake and 
resorption

Litterfall & 
decomposition

Microbial C:N cyclingMicrobial C:N cycling

N2O
NH3

CROSSCUTTING ACTIVITY 1.4  

PLANT – SOIL – ATMOSPHERE N EXCHANGE PROCESSES

1) Plant N pool: biomass, LA, C/N, Plant 

mediated NH3/N2O transfer

2) Soil N pool: SOC – SON, 

mineralisation / immobilisation

3) Litter production / decomposition

4) Plant soil N & C dynamics using 

isotopic tracers

5) Sources of N2O

6) Soil N fluxes in the Mediterranean 

sites



TWO MEDITERRANEAN SHRUBLANDS (SUN)

Measured annual average daily flux 

-2.20 ± 0.5 mg CH4 m
-2 day-1

Measured annual average daily flux 

0.5 ± 0.45 mg N2Om
-2 day-1

Simona Castaldi, SUN

No N flux at No N flux at TolfaTolfa!! CASTEL VOLTURNO

Sandy loam pH 4.3 15% org C

Sandy soil pH 7.6 2% organic C

TOLFA (MIND site Coord. Franco 
Miglietta)

CASTEL 
VOLTURNO

Sandy loam pH 4.3 15% org C

Sandy soil pH 7.6 2% organic C

TOLFA (MIND site Coord. Franco 
Miglietta)

CASTEL 
VOLTURNO
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TOLFA

NITROGEN CYCLE (SUN)

Organic 
substrates

Mineralization NH4
+ Nitrificazione

NO3
-Denitrification

CASTEL VOLTURNO

Plant 
uptake 
?

Leaching

Organic 
substrates

Mineralization NH4
+ Nitrification

NO3
-Denitrification

Plant 
uptake

Leaching low?

N2O, NO

?

< 0.05 µg N g-1

< 0.05 µg N g-1
zero autotrophic;  

Heterotrophic ?

Net rate 0.25-0.80 µg N g-1 

day-1

0.22-0.78 µg N g-1 day-1

Net rate 0.45-0.77 µg N g-1 

day-1

0.8-8.8 µg N g-1

1.1-3.6 µg N g-1

? Modeled 
very low

denitrification enzyme activity 368-1190 ng

N2O-N g
-1 h-1

denitrification enzyme activity 0.4-4 ng N2O-N 

g-1 h-1

Simona Castaldi, SUN



Crosscutting measurementsCrosscutting measurements

Thursday 16Thursday 16thth

Group session 5 Group session 5 

Room ARoom A

10:45 10:45 –– 13:0013:00



Activity 1.5: Level 1 sitesActivity 1.5: Level 1 sites
Carboeurope site & additional sites:11, 9, 7 



NEU Inferential Network (Level 1)NEU Inferential Network (Level 1)

• Add basic N measurements to 50 

CarboEurope IP main sites

• Low cost DELTA denuder (NH3, 

HNO3, NH4
+, NO3

-, SO2 / SO4
2-,

HCl / Cl- ,Na+ / Ca2+ / Mg2+), 

monthly for 4 years

• Wet deposition, where needed

• Soil and plant N bioassays

• Inferential  modelling of N inputs 

to compare with carbon budgets

Results from UK denuder network

HNO3 NO3
- aerosol

Wednesday 15thWednesday 15th

Group session 3 Group session 3 

Room ARoom A

1010:00:00 –– 11:3011:30




