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Introduction:

Even small average global temperature change can affect for instance weather,
biodiversity and agriculture in various ways. Because the climate is changing, effects
of global warming and greenhouse gases are getting more and more important
issues in our society. Natural events and human activities have been contributing to
an increase in average global temperatures.

It is necessary to measure gas fluxes in wetlands because gases, produced thereby,
like carbon dioxide, methane and laughing gas are known as greenhouse gases.
Natural wetlands can either act as a carbon sink or as a carbon source depending to
the height of the water table and the course of NEE during the day. Different kinds of
land use can have a variable impact on the process of NEE. So it is important to
detect what kind of land use and water table produces the lowest methane or
laughing gas emissions and even acts as a carbon sink instead of a carbon source.
The goal of the study is to investigate which degree of land use intensity is most
affordable in regard of GHG emissions and the impact on global warming.

To measure gas fluxes in wetlands, chamber systems or the Eddy Covariance
method, are used. The chamber system has more variety of usage in comparison to
the Eddy Covariance, because a more homogenous environment has to be given.
For the measurements of gas fluxes at the Pfrunger Ried from Ulm University also
the chamber system is used.

Especially in Ulm it is also measured which kind of land use produces how much
greenhouse gas emissions. This will first require an improved assessment of GHG
emissions in Baden-Wiurttemberg and the GHG balance under consideration of land

use.



Material and Methods

The project was set up at five field sites, which form a land use intensity gradient.
The measurement sites are defined as field, intensive meadow, extensive meadow,
extensive pasture and a field which is not used.

Methane, nitrous oxide and carbon fluxes, ground water level, solar radiation, air and
soil temperature were measured on each site. Afterwards, the data were evaluated.
Already calculated data from the field with extensive pasture management was given.
According to Alm et al. (2007) the manner of assessment of the gas exchange
balances depend on the mere vertical distributions of live vegetation both above and
below the peat surface level. Thus the instantaneous fluxes of CO2, CH4 and N20O
were measured by using closed dark chambers (see picture 1). The chambers were

employed at the ecosystem-atmosphere boundary, so the headspace of the chamber

is uncoupled from the atmosphere.
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Pic. 1: closed dark chamber measurement

The CO:2 fluxes were measured with light chambers. The incubation time was
between two and five minutes and the fluxes were measured eight times per day in
one month. ,The flux is automatically calculated from the linear change of CO2
concentration in chamber headspace in time as a function of chamber volume, air

temperature, and air pressure according to the ideal gas law“(Alm et al. 2007).



The exchanges of CHsand N20 were measured with dark chambers every 15
minutes, for four times, so there was an incubation time of 45 minutes. The
measurements were done one time per day, but two times per month. At every
timepoint a gas sample was taken. There was always the double volume of the tube
taken, to produce an overpressure. Afterwards the samples were sent to the
University of Hohenheim to analyse them via a gas chromatography (GC). According
to main gas chromatography principles, the GC detector is able to find presence of
observed substances.

The water level was logged and PAR (photosynthetic active radiation 400 nm — 700
nm), air temperature (TL) and the soil temperature in a depth of 5 cm and 20 cm
were also detected. Reco (respiration of soil microorganisms, soil animals, plant roots,
shoot), GPP (Gross Primary Production) and NEE (Nett Ecosystem Exchange) could
be calculated. In doing so PAR and Tair are the factors influencing NEE. NEE is the
overall flux of CO2 and is the sum of Reco and GPP. When NEE is positive the flux is
going to the atmosphere, when it is negative the flux comes from the atmosphere.
To give a statement and to evaluate the fluxes of different gases, CO2 equivalents
had to be calculated. Therefore the daily fluxes and the respective GWP factor had to
be multiplied. GWP stands for global warming potential and is important to show the
different influences of several gases.

Results

In Table 1 the measured emissions of CH4, CO2 and N20 of the several plots in the
extensive pasture (field site 1V) are shown. In every plot it was measured four times
every 15 minutes. Methane, carbon dioxide and laughing gas emissions were
measured.

The measurement results from the team of Ulm University were used for the
calculations in the practical work. To make statements about the greenhouse gas
emissions, the data had to be analyzed by making calculations and by generating

diagrams with Excel.



Tab. 1: Data of the measurement plots in extensive pasture for CH4, CO2 and N2O emissions

sampledD site plot date time incubation® incubation® sampledD CH4dppm] CO2dppm] N20{pph]

duration® [min]

HH:MM
3100 4 1 20.08.14 13:28 0:00 0 3100 21,9081071 427,468384 386,55306¢
3101 4 1 20.08.14 13:43 0:15 15 3101 73,1694339 1008,96033 390,70587¢
3102 4 1 20.08.14 13:58 0:30 30 3102 80,2388214 1495,17292 396,581121
3103 4 1 20.08.14 14:13 0:45 45 3103 81,9564175 1936,2046 405,59409;
3104 4 2 20.08.14 13:27 0:00 0 3104 2,47319487 398,357105 385,25852¢
3105 4 2 20.08.14 13:42 0:15 15 3105 9,61517018 904,798332 403,83550¢
3106 4 2 20.08.14 13:57 0:30 30 3106 16,1457298 1354,42848 426,91985:
3107 4 2 20.08.14 14:12 0:45 45 3107 18,9218355 1752,47929 439,11447¢
3108 4 3 20.08.14 13:26 0:00 0 3108 3,4204974 392,66933 382,75956¢
3109 4 3 20.08.14 13:41 0:15 15 3109 38,709839 949,065359 398,89653¢
3110 4 3 20.08.14 13:56 0:30 30 3110 46,5871211 1434,56456 412,82201¢
3111 4 3 20.08.14 14:11 0:45 45 3111 53,305659 1920,11671 429,6298:

As a first step to calculate the results, diagrams were generated for the emissions of
each plot. The methane emissions for all of the three plots are shown in figure 1. It is
seen that the concentration of methane (relative abundance of methane molecules)
in the chamber is rising during the incubation time, but with different initial

concentration and slope of the single plots. A regression line is used for determining

the flux.
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Fig. 1: CH4 emissions from site IV.

Figure 2 shows the CO2 emissions for all three plots. Here also the slope of the
regression line was used for calculating the flux. The concentration of CO2 molecules

also rise over the time but are very similar in the three plots.
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Fig. 2: CO2 emissions site IV

The N20 emissions for all the three plots are shown in figure 3. At the beginning the
concentrations do not differ very much. Over the measurement time the three plot
emissions also rise but in differing intensity. The slope of the regression line is again

used to calculate the flux.

450 y=1,231x + 386,08
—. 440 R*=0,9872 .-°®
a
S 430 o
o
S 420 -7y =1,0302x + 382,85 ® Plot4-1
§ 410 e R*=0,9988 .
=} .o
S 400 " ® plots-2
o .” ,.-"_-__
§ 390 .f y = 0,42x + 385,41
G R®=0,9706
© 380 Plot4-3
370
0 10 20 30 40 50

incubation [min]

Fig. 3: N2O [ppb] emissions site IV

In table 2 the fluxes of methane and laughing gas are shown. The fluxes of N20O are

less than the fluxes of CH4 during the measurement of one hour.



Tab. 2 : Fluxes of CHsand N20O for each plot of site IV

Fluxes of CH4s[mg m2h] Fluxes of N;O [mg m?2 h']
Plot 1 0,028709557 2,32193E-05
Plot 2 0,007488488 6,80548E-05
Plot 3 0,021112511 5,69537E-05

In table 3 (see in the attachment) the already calculated factors NEE, Reco and GPP
are given already calculated as a function of LAI, PAR, GWL and TL. This data was
later used to generate diagrams to exemplify the data.

NEE (Nett Ecosystem Exchange) is the overall flux of CO2. The positive fluxes are
the ones which go to the atmosphere and the negative ones which come from the
atmosphere. “NEE can be divided into the ecosystem respiration Reco [...] and the
Gross Primary Production GPP.” (Lengerer 2015)

Figure 4 shows Reco, NEE, GPP and TL throughout the day. Reco is increasing over
the day following TL. NEE and GPP are decreasing over the day. GPP is always zero
at night and gets negative during the day.
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Fig 4: Reco, NEE, GPP and TL over one day

Figure 5 shows Reco, NEE, GPP and PAR over one day. Reco, NEE and

GPP are just the same as in figure 4 (because it depends on the same data). GPP is
again always zero at night and gets negative during the day. PAR is increasing over
the day.
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Fig. 5: Reco, NEE, GPP and PAR over one day

For a final result the calculation of the daily fluxes and the translation of the fluxes to
CO:2 equivalents are necessary. The daily fluxes are seen in table 4. CO2 shows the
highest flux amount, CH4 a much lower amount and N20 a very small amount. The
daily fluxes have to be multiplied by the referring GWP 100 years, time horizon factor
for getting the CO2 equivalents which are shown in table 6. The GWP factors are in
table 5.

Tab 4: Daily fluxes of CO2, CH4 and N20

Daily flux CO2 Daily flux CHa Daily flux N2O
[g C m?d] [0 C m?d] [g Nm=2d]
100,6994553 4,58484444 0,011858

Tab. 5: Conversion factors for the major greenhouse gases from IPCC AR 5 2013

Gas GWP 100 yrs. time horizon
CO2 1

CHa 28

N20 265

Tab. 6: CO2 equivalents for CO2, CH4 and N20O

CO2[kg CO2eq hatld?l] | CHa[kg CO2eqhatld?] | N20 [kg CO2eq hald?]

100,699455 128,37564 3,142431




To compare the daily fluxes and the CO:2 equivalents the data is pictured in figure 6.
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Fig. 6: GHG balance, showing daily gas fluxes and gas fluxes in CO2 equivalents

So it is seen that the daily fluxes and the CO2 equivalents from carbon dioxide are
totally the same. It is evident to see, that little amount of CHa fluxes is linked to a
great amount of CO2 equivalents. For the N20 the amount of the fluxes was just too
small for the diagram to be pictured, but also the CO2 equivalents are much higher so

a bar can already be seen.

Discussion

The diagrams which show the outflow of all three plots for every greenhouse gas
were necessary to calculate the flux. Therefore the slope of the regression line was
required, but it is seen, that the slopes differ from each other over the three plots for
one gas. The measurement field was heterogeneous, to avoid this bias, you have to
measure the flux on several plots, so it would be the most representative. In fig 4
showing the relation of NEE and TL, it is shown that an increase of TL is inversely
proportional to a decrease of NEE. The more NEE is negative the more the plot
become a carbon sink. When NEE is getting positive the plot is a source of carbon. In
this case NEE only depends on the course of Reco. In figure 5 where the association
of NEE and PAR is pictured, it can be seen that an increase of PAR leads to a

decrease of GPP and therefore to a decrease of NEE. Due to PAR photosynthesis
9



takes place and so CO2 of the atmosphere can be fixed which is seen in the increase
of the GPP, it becomes more negative. Reco seems to be stable but follows the PAR
variations; it is related to day and night cycle. When PAR has a strong value, we can
see that NEE is inversely proportional to PAR. We can explain it by the fact that the
more there is light the more there are exchanges. During the night there is no sun
radiation, it explains the low exchanges. Reco is following the increase of PAR. The
increased radiation leads the soil temperature to increase, also leads to a higher
metabolism and thus to a higher respiration. That shows that the main factor is the
cycle of day and night because there are no activities seen in the night, just when
sun comes out at the day, there is activity seen. After calculating the daily fluxes and
the referring CO2 equivalents it is now possible to say something about the real
effect of the greenhouse gases in the measurement site. It is seen that methane has
a stronger impact than CO2 because a little amount of methane shows a bigger
impact to global warming than a huge amount of CO2. The effect of N20O is also
much higher than its daily flux amount but still much smaller than CO2 or CH4, so in
this specific measurement, N20O has a minor impact on the global warming but over
the year with different climate conditions it can have a severe impact. So the results

in NEE and GWP are important to know to set up aims in the wetland management.
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Attachment

Tab. 3: The factors NEE, Reco and GPP calculated as a function of LAI, PAR, GWL and TL

TL[C] L&l GwL[m] MEE[mgCm*-2k*1] Feco[mgCm*-2hk*1] GFF [mgCm"2h"™]

137 196EEET -0,089933 351,928008 51928808 IZII
125 196EEET  -0,08533 262 4533363 262 4593363 0
1,05 19GEEET -0,083 610240243 3010240243 0
10,69 19GEEEY -0,089233 347 BESET 347 BES1ET 0
10,73 196EEEY  -0.0816F T ETIH2E T AT 0
10,69 19EEEET -0,082 L Pl 247 BagEsT 0
0,61 196EEET -0,08333 346707213 34E, 7307213 0
041 196EEET -0,084 244 8077234 2448077234 0
10,37 19EEEET -0,084 244 432601 244 43260 0
017 196EEET  -0,089433 342 491682 a2 491682 0
10,05 196EEET -0,085 241325517 241826517 0
10,09 196EEEY -0,08533 34433088 34,4330238H 0
10,05 196EEET -0,086 340,77E9995 340, 77EI995 0
9487 139EEEEY -0,085E7 40,136187 240,186137 0
9,97 19EEEEY -0,02633 3306305654 FARATEIEG -9,24182 3568
10,05 196EEEY -0,086E7 37 335163 3404352322 -23,10006924
10,29 196EEET  -0,026EF 29880463 242 BES2GGG -4 BEIE25GT
061 196EEET -0,08733 271031395 246,2811265 -B9, 17192703
N21 1966EET | -0,08733 186, 682305 3510462689 -164, 3639629
¥ L3BEEET -0,08733 146, 0351342 306 BB -210 5310467
12,13 196EEET -0,088 THAI2EE42 309,26913M4 -280, 4361656
13,01 196EEET -0,088 -112,2808129 369, 37TIEAT -481 EREITTE
1361 19GEEET -0,08833 12,0137 455 ATEO01234 4880206334
1469 19GEEEY -0,02367 360, 1143533 888452505 -T48 9602338
15,37 196EEEY  -0,089933 -429 5537280 3970039624 -H2E, 5626909
1549 196E6ET -0,03087F -7 4TERERE JHTAT4TIEE -T14, 8613542
16,45 19GEEEY  -0,0HE7 -3 EEE402 409, 2943674 -r43 4R1E0TE
16,61 196EEEY  -0,09267 422 Baa80E 404271424 -533,0155424
1F.69 19GEEET -0,09367 307 245978 424 EBET I 8219047173
17,26 19GEEEY  -0,09433 -3, FE022TE 417 4951668 -TH9,245394 3
17,85 19EEEET -0,094 -4, 4415502 426, E054361 -068,04 70462
1741 196EEET  -0,09533 -2B1,3053826 4135410652 -E78,8464507
1767 19GEEEY -0,096E7 372 B398 413,1095336 -rataoimE
1745 19EEEET -0,097 -267 BE13E 4169231345 -E74, FE45026
1717 196EEET -0,088 R K 411536623 347 882
15,93 196EEEY  -0,09833 196 4024 257 30393207 197 497392
16,69 19GEEEY -0,09933 -108,4337983 404, 3047287 S A
17,09 196EEET  -0,09367 -107, 2441207 409 4664532 517 06333
15,69 196EEET -0,098 180,57 7199:3 =) B Lt el -210 5310427
14,77 19GEEEY -0,09633 ZETAO42333 IR 1239275884
14,73 196EEEY  -0,09433 277, 330076 383, BEZERO2 -105, FE4E425
1257 196EEET  -0,09433 610143289 3E9496524 1848159524
13,41 19BEEET -0,0893 3E9,2196EE2 3E9,2196E662 0
12,058 196EEEY -0,09267 364, 7130907 354, 7120907 0
N1 196EEET | -0,09267 245 4950536 245 4950536 0
0,81 196EEET -0,0893 420349186 3420349136 0
0,81 196EEET -0,093 3420349186 3420349186 0
N0 196EEET | -0,09333 243 ET1941 243 ETI4 0
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Tab7.: Daily factors for NEE, Reco and GPP

Daily NEE [g m2 d]

Daily Reco [g m-2 dl]

Daily GPP [g m2d1]

2,74634878

8,8949752

-6148626
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