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Temperature anomalies in °C Source: |PCC, 2001
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N,O: a long-lived greenhouse
gas In troposphere

N,O CH, CO,

Pre-industrial era con. (ppbv): ~275  ~700  ~280000

Present con. (ppbv): 319 1774 379000
Annual inrease (%/yr): 0.25 0.6 0.4
Life time (yr): 114 12 50-200
Specific GWP (100 yr): 298 25 1

Source: IPCC, 2007



Warming etfect of N,O

Components of radiative forcing for principal emissions
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Radiative Forcing (W m2)

Net radiative forcing of N,O (since 1750): 0.16 w m™
(~ 6% of long-lived GHG’s radiative forcing )

Source: IPCC, 2007
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N,O -induced O; depletion
in stratasphere

60 km

Temperatur
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stratasphere
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N,O release: the primary anthrop.
emission of O;-depletion matter

—— CH,CCL, CCl, N,O
—— HCFCs CHQB"
—— Halons —— CFCs
21200 ————————————————
&." 1000 [~ 03 depletlon—welghted E
2 - emissions .
s WD -
£ oo :
g . :
w400 |- i
2t
.g, 200 ___4‘—‘.’.‘1»\_
= - ]
Q'. Ol — - - " 2
Actual Projected

Source: Ravishankara et al. (2009, Science)



Global budget & contributions
of individual sources (%)

Unit: Tg N yr -1 | Anthrop. Anthropogenic sources
Source |17.7 |6.7 (38%)  Asgriculture 16%
Sink 12.6 Aquatic ecosystem | 10%
Combustion & 4%
~
Increase |5.1 industrial processes

Natural sources Biomass and bio- 4%
Ocean 21% fuel burning .

Soils under natural 37% Atmospheric 3%
vegetation deposition

Atmospheric chemistry 3% | Human exctreta 1%

Source: | PCC, 2001,2007

% C1




Uncertainty of estimates for N,O emission
of different source categories

Tg N yr!
Sources Range  Mean (Uncert.)

Natural soils 3.3~9.7 6.6 (-50~47%)

Agriculture 1.7~4.8 2.8(-39~71%)
Aquatic ecosys. 0.5~2.7 1.7(-71~359%)

(Rivers, estuaries, coastal zones)

Other anthrop. (0.8 ~5.0 2.2 (-64 ~127%)
sources

Source: | PCC, 2007



Key questions

» How to reduce the uncertainties?
» How to mitigate the anthrop. emissions?

Accurate * Process study
quantification {. Field Stl}dy .
* Model simulation

& upscaling



Nitrogen
Oxidation
States

Microbial nitrification
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Microbial denitrification

NO, pupng NO, pug NO pug . ppg N:
s CRENCVRNC T
Oxidation ﬁ Reduction

Nitrogen oxidation states

Denitrifiers: heterotrophic



Microbial DNRA & ANAMOX

Reduction ‘

— Microbial
-===p pitrification

Microbial
==) denitrification

Chemo-
denitrification

—> ANAMOX
—> DNRA

Nitrogen oxidation states

Oxidation ‘




Non-microbial process

Reduction ‘
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-===p pitrification

Microbial
== denitrification

Chemo-
denitrification
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Processes producing N,O in soil/water

NO N,O NO  N,O

Chemo-denitrification
or nitrifier dentirification

ANAMOX _:::::::::::::>

Measured N,O from a soil may result from multiple processes




Needs of process study

» To know the importance of individual

processes in overall soil/water N,O emission:
nitrification, denitrification, nitrifiers denitrification,
dissimilatory nitrate reduction to ammonium (DNRA),
anaerobic ammonium oxidation (ANAMOX), chemo-
denitrification

» To understand the effects of key factors on N,O

production in individual processes: microbes,
substrates, environmental conditions (temperature, moisture,

soil properties)
» To quantify the ratios of N,O production rate

to rates of nitrogen turnover processes (c.g.
denitrification or gross nitrification)



Techniques for process study

» Molecular biology techniques: to detect and count

functional microbes responsible for individual processes of
N,O production in soil/water.

» Isotopic signature techniques: to quantify contribution

of nitrification and denitrification, using site preference and
isotopologue enrichment factors

» N pool dilution techniques: to measure gross

nitrification rate, ammonization rate, and NH,” and NO;
immobilization

» Gas-flow-soil-core/C,H,/O, inhibition techniques: to
measure denitrification/nitrification and its production
ratios



Molecular biology techniques

NO NZO
!
4
-_ -_ll-_ - ( ‘
Hydroxylamine Ammonia

oxidoreductase monooxygenase

i — = -II~ 1 ||~-

Nitrate Nitrite Nitric oxide Nitrous oxide
reductase reductase reductase reductase

nxr

Nitrite
oxidoreductase




Molecular biology techniques

QO A
TR W TRRKITTIRE

primer

1 L7

Lk LLJ.JJ bl ah

DNAEKRNAZEL R e b =M o SRR B B 42 A 4)
(DNA/RNA extraction) (PCR amplification) ¥r (T-RFLP analysis)

EUBT3050 (NFK) 2900 B+l
|_ — EUS73047 (NFPK)
63 L—: EUS73052 (NPKICK)
EU873056 (NPKOM)
100 EUE73061 (NPKOM)
EUB73060 (NPKOM)
65 Dechioromonas agtale

100 — Dechiorosoma sp.KJ 1.000 E+1
EUB73032 (CK)

Amplification Plot

2.400 E#1

Sagithuia stellate E-37
Psychrobacter arcticus 273-4
Beggistoa sp PS5
EUS73062 (NPKOM)

72 EUS73028 (CK)
EUB73044 (NPK) 2.000
EUS73021 (CK)
83 Rhodococc us equl

I I— Anaseramyxobacter dehalogenans 2CP-C
Chromobaclerium violaceum ATCC 12472 4000

g
<i1.400 E+l

M aric aulis maris MCS10
Caulobacter sp.K31(CPO00927)

\_LT;B“!M;OUE’J& thailandensis E264 T - J:’ - s

EUST3070 (MPKOM) [ 5 10 15 E ] £ E
Hyphomaonas neptuniumATCC 15444 Cytle

o I 4] 2% RAERB I 5% A B EE TR N

(Metagenomics) (Phylogenetic analysis) (Real-time PCR)




Isotopic signature techniques

Bond order =1.61

bond order =2.73

SP = 315N - §15NB

| sotopomer

100 0
S
c
S
3
pR o AR 90
IS
=
8
Z 9 | 100
0 15 30

A A
SP (%o)

Denitrification Nitrification
by bacteria by bacteria

Denitrification fraction (%0)



ISN pool dilution techniques

A NH,*betweent =0and 40 h
Gross ammonization rate

NH,* immobilized by microbes

---------------------------
4

L2560
0 SEI-Sas
-.o: .® .* 9o
.- ...' 0, o..' [l
..:.;. o. .-
00 .
o .
L)
.
‘Q
".--uuuu snnnnnnnnnfom
Microbial N-
immobilisation

Death ' &‘

Microbial biomass

L)
©

of microbes
B

A NO; betweent =0and 40 h
Gross nitrification rate

NO," immobilized by microbes

Source: Klaus Butterbach-Bahl



C,H,/ O, inhibition techniques

> Denitrification rates (10% C,H,): NO, - NO, - NO —» N,0X N,
»Separation of N,O production processes (C,H, and O,):

Tre Control 10PaC,H, 21% O, 10PaC,H,

Prog,. Mg 21% O
C‘ess g )

€s (1) (2) 3) 4)
Nitrification v X v X
Denitrification v v X X
Nitrifier v X X X

denitrification

Other processes 4 4 v v
(3) - (4): nitrification v’ not inhibited
(2) - (4): denitrification % inhibited

(1) -(2) -(3) + (4): nitrifier denitrification

(4): other processes
Source: e.g. Wrage et al., 2004



Gas-tlow-soil-core technique

accuracy detection limit
(umol mol1) (ug N h-1kg1ds) (ug Nm=2h1)
N, 0.2 0.23 8.6 hen
N,O 5X103 0.02 0.6 -
NO 1X10-3 0.08 2.7 =

Valves control umit

B
He 14. IO.XIO.XIO.X ..................
Oz > 4 ; ]_I%L . i
Callgasi 143 EC | 23, || e
He | | n

I
1 r
1 1 ]
S AR AR E—T
— . v —at B
1 1
] VentforN,_O&NOl__ ---+__.:._,[}>1%+ _____________ JeL - .-vessel2 .
+-$-———-—-1---+----D<}<- ------------- o 4
13.4 1 113 |
1
1 1

vl4.4

Source: Wang et al., 2011, EST



Gas-flow-soil-core technique

100

2° C 25° C
Q ON, ®N,O ANO Aerobic Anaerobic
< 3000
s V0 o
= O g 2500 1
T g O o .
= O 28 2000 -
8 o th
8 40 g2 1500
®]

& 3z
5 2 £ 1000 1
2 20{ Z
o ° S5 500
ol A A A

0 . . . . . 0

0 50 100 150 200 250
0 50 100 150 200 250 300 time (h) -
Initial nitrate concentration (mg N kg™ ds) 20%0,-He,2°C  100% He, 2 °C B&He, 25°C

Gas exchange

Denitrification potential measurement

Daily measurements of NH,", NO;, NO,", DOC, and microbial
carbon and nitrogen during incubation are necessary to link

laboratory study with field N,O flux and its model simulation.
Source: Wang et al., 2012, Plant Soil



Techniques for measuring field N,O fluxes

NH,*/ R-NH,

» Static chamber technique

»Eddy covariance technique

DNRA

uoNEIYLYIN

Overall N,O fluxes, which
integrate emissions of multiple
processes occurring in field
conditions



Static chamber-based field measurement

Automatic translucent chamber Manual opaque/translucent chamber

Sub-dail

— S R—

— .

» Gas chromatography-electron capture detector (GC-ECD)
is usually used to analyze (online or offline) air samples
from chamber (automatic, manual) headspace.

» Researchers start recently to use laser/FTIR detectors.




Static chamber-based field measurement

Static chamber technique

F = (dC/dt)V/A

|
|
|
|
|
|
|
|
|
|
Pl
-
-
-
-

F: field N,O flux

dC/at: initial change rate of N,O
concentration during enclosure

V: headspace volume
A: measured land area

Nonlinear relationship
occurs between N,O
concentration and
sampling time, as
chamber enclosure

a) reduces concentration
gradient (0C/0z), and

b) prevents air mass flow
driven by wind.




Chamber-based measurement: Con. — flux

g ust
'§ i50
:
S 325
/ 1
00 e .
T 400
Time [s]
Exponential
'b)-uiJ
- dCidt = 0.32pphsec”
S
z Data .
T
—Stope

300
(

F = (dC/dt) - VIA - ppao - PIPy - TY/T

400
Time [s]

¢

600

Linear moddl:

dC/dt = a
Ci=at+b

(used almost for all available dataset)

Nonlinear modd!:

F=(dC/dt) - VIA - poo - PIPy - TYT
dC/dt=a-Db.c,
C,=ab+(C,-ab) - et

(seldom used, yet)

Source: Kroon et al., 2008, NCA; Valente et al., 1995, JGR; Wang et al., 2012, AFM




Chamber-based measurement: flux bias

> Linear model has to be used in case

nonlinearity detection fails (offline
concentration analysis or usage of GC,as a 3,
slow-response detector, prevent high- =
frequency concentration measurements
during enclosure; usually using only 5
observations to detect nonlinearity in GC-

based measurement).

»Linear model has to be used since too fewer concentration
measurements (< 4 times) prevent use of nonlinear model.

»Flux bias: using of wrong model and failure in
nonlinearity detection could underestimate annual
N,O fluxes by 0~ 30% (for a fertilized cotton case).

Source: Wang et al., 2012, AFM Result from chamber data



Chamber-based measurement: flux bias

800

_ Result from comparison
= between chamber and EC
'E 600/
~ data
2
2 400/
3 v=Q2k. |
o R?=001
Z 200{ . p<0.01 sl AC<EC by 17 ~ 20
< R
P o ./
o L . .
0 200 400 600 800

2, -
AC N_O flux [x, ug N m~ h"]

AC: automatic chamber fluxes (nonlinear model was used for
detected nonlinearity cases)

EC: eddy covariance (TDL) fluxes with wind from chamber [ocation
Source: Wang et al., 2012, AFM



Chamber-based measurement: flux bias

Flux bias due to wrong GC method

Carrier gas:

» Argon-methane mixture (5-10% CH, in Ar) is better to
be used as carrier (AM method);

» If Ar-CH, mixture is substitute with N, alone (DN
method), ascarite (which may lead to negative flux for
marginal emission) is not recommended to use as filter
of CO, (DN-Ascarite method). Instead, we recommend
to let 10% CO, in pure N, flow through ECD cell at ~2
ml min-! as a buffer gas (DN-CO, method).

Source: Zheng et al., 2008, Plant Soil; Wang et al., 2010, AAS



Chamber-based measurement: flux bias

Flux bias due to wrong GC method

i I . b iR } :
N, as carrier gas in GC-ECD B+N2— B +Nj +e
(DN method) N>O + e — N + O
B+ CO; — ﬂ’ 4 C0£ + e
N, 15.6°
Ar 15.8°
He 24.6°
CO, 13.6°
: N.O 12.9°
3 401 o NH, 10.2¢
g H,O 12.6°
'1% T Signal H,S 10.4'
e . '-, g
g 350 O \blased O 1_—’-1&5
S L NN N CH, 12.5
g | NO 9.3"
z 300400 800 1200 1600 2000 2400 Cs; 10.1°
CO, concentration (ppmv) CcCOSs 11.2»

Source: Zheng et al., 2008, Plant Soil



N,O concentration

Chamber-based measurement: flux bias

Flux bias due to wrong GC method

460 1 o DN
AM
407 o DN-Ascarite

420 -
400 -
380 7
360 -

340 -

= | N,O flux

DN AM  DN-CO,

400 800 1200 1600 2000 2400

N,O concentration

Source: Wang et al., 2010, AAS

GC-ECD Precision for 300
method ppbv N,O (%)
DN
DN-CO, 0.2-0.7

Not able to detect low fluxes



Chamber-based measurement: flux bias

Gas-tlow system in GCs for simultaneous analysis of
N,0, CH, and CO,, using DN-CO, for N,O

» Precision of
each gas: 0.2 ~
0.7% for

— ambient air

samples.

»>90% of GCs
in China using
this method.

BHAERS HFH Co
BAES
AR

———
LA buR: 3]

Source: Wang et al., 2010, AAS



Chamber-based measurement: flux bias

Flux bias due to wrong GC method

Ranges of N,O fluxes measured by DN N,O fluxes (ug N m * h'') Pair Significance
(ugNm>h" - number level
DN (apparent) DN-Ascarite Yy—X
Mean (X) SD Mean (Y) SD
A =—30 —63 34 8 22 72 301 o
B —30~0 —14 7 8 15 2 254 R
C 0~30 17 25 12 25
D 30~100 57 19 19 27
E 100~200 136 27 72 65
F =200 2872 6,999 2713 6,324
8 030 ol | . .
5 : - | Correction
E 0.18 31
2 o ; : term for
2 & one 2 1
T E : ce L 5% DN-
s =0
£ 006 1+
e ~ T measured
(V] L -
g e
.18 0 4 ) /
'é - A:-l?i:lf P Y=091 X for X=02 NZO ﬂuxes
z J (R* =0996, P <0.0001)
030 -1 B I I

-0.30

.18

0.06

0.18

030

2

N:0 fixes measured by DN (X, mgNm~*h™")
Source: Zheng et al., 2008, Plant Soill
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Chamber-based measurement: flux bias

Daily N,O fluxes

Case study of a rice-wheat
rotation ecosystem :

(relative to six 6 measurements d-1) I

. A nnual fl ux 2(;30?98 23 112305203 293 18 102?]01398 288 1?;001403
Fixed frequency bias (%)

Once every 3 C -19+ 10
Onceevery 4 ¢ -23+ 15
Onceevery 5d -24 + 12 - Most field measurements

.30 +
Onceevery 7.c 30+ 18 Frequency-related
Onceevery 10d -30%13 biases are variable

with ecosystems

source: Zheng et al., 2004



Chamber-based measurement: advantages

a) High sensitive: detection limit could be1 ~ 11
(mean: 4.6) ug N m~ h for 50 cm chamber height
(95% confidence interval), being more sensitive than
other approaches by 1-2 order of magnitude.

b) Flexible applicability: applicable for all field plot
sizes of uniform or non-uniform land surface.

c) Very practical: smple principle, easy operation, and
low cost.

Source: Wang et al., 2012, AFM



Chamber-based measurement: disadvantages

a) Negative bias: due to faillure in nonlinearity
detection and prevent of mass flow.

D) Low temporal resolution (manual) and poor
representativeness for spatial variability
(automatic).

C) Very labor-consuming.

Source: Wang et al., 2012, AFM



Chamber-based measurement: avoiding bias

a) Using AM or DN-CO, If GC has to be adopted.

b) Enlarging sample size of concentration measurements
during chamber enclosure.

c) Using high-precision, fast-response detectors for
online concentration analysis.

d) Using flexible measurement schedule: daily
measurement for afew daysto afew weeks following
flux-stimulating events (e.q., fertilization, irrigation,

rainfall, ...), but weekly otherwise.
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Eddy covariance measurement of N,O fluxes

luctuation

Cloth-path
N,O detector

Requiring fast response sensors/ (10 - 20 'Hz) to simultaneously measure N,O
concentration (TDL, QCL or LGR) and vertical wind velocity, and large uniform
land surface (10 - 30 ha) to meet similarity theory for turbulence

/" Source: \Wang et al., 2012, AFM




Eddy covariance measurement of N,O fluxes

» Corrections and quality control to determine 30-min fluxes:
a) Coordinate rotation for two-dimension wind velocity;
b) Detrending vertical wind velocity & N,O concentration,
c) Correcting lag time between N,O concentration & wind velocity;
d) Correcting flux loss at high-frequency.
e) Using friction velocity (u*) filter to rgject fluxes from area
beyond footprint of the EC mast.

: | o M O-h\‘gh -0 C\OlSpeCtl’a for 1
N,O concentration el [ 2 e smultoneous |
Mot o sensible heat flux]

Ies
Lo

Co-spectrafor positivef
N,O flux during high- s
emission period
: N‘Drma\ eeeeeeeeee luc; ------------

Source: Wang et al., 2012, AFM



Eddy covariance measurement of N,O fluxes

» N, O flux detection limit of eddy covariance technique (TDL):
36 ~108 ug N m2 h?(95% confidenceinterval).
Versus chamber: 1 ~ 11 ug N m2 h-!

» Hourly flux uncertainty: +676 and +569 ug N m h-* during the
high and low emission periods, respectively (95% confidenceinterval).
Versus chamber: -62 ~ 15 (high) & -6 ~ 3 (low) ug N m h-!

£ 1o | Hourly N,O fluxes .

N 1400 - i

E 1200 - §

Z 1000 - _

o 0o 1 Red: automatic chamber

N>, 600

< 400 - Black eddy covarlance

= 200 - R : Y e

ON —208 1. FINEE s 23 3

2400595th¢$~ 5 88282 &3 &3 KK
Iiiy @HEMMB 5 &g g & & L fod 4

» Applicability of eddy covariance technlque Is still questionable

for low to moderate levels of N,O fluxes.
Source: Wang et al., 2012, AFM



Eddy covariance measurement of N,O fluxes

» Advantages:
a) Good representativeness of spatial variability for the
area within footprint fetch.
b) Easy operation in situ & labor-saving.
»Disadvantages:

a) Low sengitivity, yielding not reliable fluxes from low
€mi SSIoN SOUrCes.

D) Not applicable for manipulation field experiment with
small plots & non-uniform land surface.

c) Complexity in principles and data processing

d) Expensive detectors.

»Promising application: 1) long-term observation; and, 2)
developing correction factors for chamber flux biases

Source: Wang et al., 2012, AFM



Modeling approach: scaling up and scenario study

> Field measurements: never sufficient in
terms of N.,O emisison management;

» Process-oriented modeling approach:
necessary way to link process
understandings at molecular/microsite
scales, field measurements at site scale,
and management decision at regional
scale.



Process-oriented modeling approach

DNDC (US)
Daycent (US)
PaSim (EU)
WNMM (Australia) :
Landscape DNDC (E m

Models are designed to describe the nitrogen/carbon
cycling processes from site to regional/catchment scale,
so as to predict management effects of given scenarios.
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predicted gas fluxes emission of CO,, NO, N ,0O, N, , NH; and CH, predicted gas fluxes




Modeling approach: scaling up and scenario study

Upscaling
&
Modeling

Field measurements
- Soil-atmosphere exchange N,O
-at various sites

,@ - Effects of regulating factors and key
{D disturbances on N-emissions
’@Q Process studies %
$ o . Xy
- parametrisation of N,O production processes (@)
- identification of the dominating microbial process Q/Q

- correlation of microbial parameters with N,O fluxes

Source: Klaus Butterbach-Bahl



Modeling approach: scaling up and scenario study

Challenges

1) Long-term (replicated years) flux validation of multiple
carbon- and nitrogen-gases including N,O, NH;, NO,
CO, and CH, with multiple field treatments of site scale:
no successful case so far.

2) Simultaneous simulation of multiple gas emissions,
hydrology and productivity at catchment scale: model
development is undergoing, e.g. Landscape DNDC,
WNMM.

3) Available measurement dataset for model test, calibration,
and validation in terms of simultaneously measured
variables and/or parameters. not sufficient.



Modeling approach: scaling up and scenario study

CO,CH, NH, CO, NO N0

Measured at
site scale

1
=
7
cesses

Hydrology processe:

I 4

Lea chin&run-off

Measured at
catchment scale

Aquatic ecosystem

e —

Close cooperation of experimental and model
scientists are strongly required to integrate the
studies from site, ecosystem to catchment scales !




Modeling approach: scaling up and scenario study

DNDC-SCS-MULSE model application
Slope runoff (SCS curve)

e (R, — L, Y 5225.4(1000_10)
= (Rda,\' o Ia + S) CJV

Eroson (MUSLE) :

sed =11.8-(0,s - @peat - ar€,, > - Kz - Cusr - Bstr - LSysis - CFRG
N retention and runoff in stream:

sed

ared hru

orgN,,,,=0.001-conc,,, -

i ‘S‘N:sed

(Deng et al., 2011, JGR; 2011, Biogeosciences)



Modeling approach: scaling up and scenario study

DNDC-SCS-MULSE model application

Catchment
(35 ha)

DEM

N losses (kg N yr') 0 13
Land types | /855 (e Nar D 41% fertilizer
Dyeropland ~ |27.0 4.5 7.5 525 1350 nitrogen lost from
Rice-based rotation | 4.5 0.8 29.5 48 o3
Winie-floodedpady 0.2 0.2 5.9 31 34 the catchment by
Grassland 0.2 0.1 0.2 5 2 o ,
Forest 2.2 00 88 121 O / NH3 emission and
Residence area /] °
Total 34 6 52 leaching or run-off

Source: Deng et al, 2011, JGR; Deng €t al., 2011, Biogeosciences
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