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We appreciate the review of anonymous referee 1. Below, we provide replies (stan-
dard) to each of the comments (italic). We considered reviewer’s suggestions at several
points in the text. We feel that this clarified the scope and objectives of the manuscript.
A revised version of the manuscript with tracked changes has been uploaded as sup-
plement.

General comments: The paper is well-written. The English is good. The topic is very
relevant: drained peat soils are in many countries a major source of GHG gasses.
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Moreover peat soils are very prone to climatic change and GHG emissions from peat
soils can increase dramatically in this century. However, this is not widely known by
the general public and policy makers. To raise the public awareness with convincing
arguments upscaling is needed to quantify in a better way the GHG emissions of peat
soils. Not every researcher on the degradation of peat soils and/or on the emissions of
GHG was fully aware of the importance of the groundwater table as explaining factor
for the emissions of GHG. In too many papers no data is available on the (dynamic)
groundwater or surface water table. The reviewed paper is filling up this gap for at least
a part. The paper is very complete and only minor revision is needed, so I have only a
few specific comments

Specific comments: 1. I am missing some rather obvious predictor variables: - the
thickness of the peat layer: the GHG emission of a thin peat layer (e.g. 40 – 50 cm)
will be significant lower than of a peat layer > 100 cm. This can have a direct effect on
the transformation presented in Figure 3.

We agree that there are several more site characteristics that are known to influence
GHG emissions. However, their influence is often not very well understood. For ex-
ample, the reviewer points out the peat thickness as an influencing factor. However, a
recent study on shallow peat layers (Leiber-Sauheitl et al., 2014) shows that at least
down to annual mean water levels of -39 cm GHG emissions still show a linear in-
crease, although in their study the peat layer had only low C contents and was only 30
cm thick. Additionally, at the large scale, information on peat thickness necessary for
upscaling is often missing.

Aside from these difficulties, we emphasize that the objective of our study is to region-
alize annual mean water levels with optimal accuracy in the sensitive range for GHG
emissions, and not the GHG emissions themselves. The latter are influenced by much
more site characteristics, in particular soil properties. It was our intention to separate
the water level influence from other influencing factors. Our work, therefore, must be
considered as one piece of a broader framework for the regionalization of GHG emis-
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sions that includes other site characteristics and must be developed in future research.
For example, if for specific regions detailed information on peat thickness becomes
available and its effect on GHG emissions can be estimated by the use of transfer
functions, the map of transformed water levels (WLt) can be used as an input for this
follow-up regionalization. We clarified this in the revised manuscript. (lines 122 to 129
and 961 to 966)

- the existence of a (thin) mineral layer on top of the peat soil: this can be an artificial
layer of sand to increase the trafficability in wet periods and reduce damage by tram-
pling and pouching. The mineral layer can also be clay deposited by flooding by rivers
or the sea. This can have substantial effect on the GHG emission (because the min-
eral layer does’t contribute to the oxidation) and so a direct effect on the transformation
presented in Figure 3.

See above. Our intention was not to regionalize GHG emissions but the water level
effect on GHG emissions.

- positive or negative seepage (and/or potential of deep groundwater): can have a
major effect on the WL (10 – 20 cm).

We agree that the occurrence of positive or negative seepage can have major impacts
on WL. Values of the hydraulic potential of the deep groundwater are however mostly
not available at the large scale. Some countries may represent exceptions. However,
there are some predictor variables in our study that are supposed to be correlated to
seepage. For example if a peatland is characterized by a peat clay layer at its peat
base, this may largely inhibit any seepage. Higher large-scale topographic wetness
indices may indicate a higher probability for positive seepage. Furthermore, the peat-
land type itself may indicate seepage (higher probability of negative seepage for rain-
fed bogs) . We hope that these variables partly account for seepage influence in our
statistical model. (see lines 272 to 276 and 304 to 306)

Maybe there is no good data about these variables, however, then this should be men-
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tioned.

Done. (see also lines 857 to 859)

2. Why do the authors only use the mean annual water table. For CO2 emissions the
(deepest) summer water table is probably a much better predictor variable. For CH4
are probably the highest groundwater levels important. I have the impression that good
year round data is available.

We agree that annual mean water level is probably not the best statistical measure to
describe the water level effect on annual GHG emissions. However, we are not aware
of well-established transfer functions that relate more complex statistical measures of
water level dynamics to GHG emissions. Are highest and deepest water levels really
important for annual CH4 and CO2 emissions, respectively? Our impression is that
there exist several ’single-site’ observations, but statistically well-founded multi-site re-
lations of dynamic features to GHG emissions are not yet proposed. Nevertheless, it
is certainly worth evaluating our approach for the regionalization of dynamic features.
However, we consider data harmonization (interpolation of manual measurements) to
be a crucial part of such an analysis. Our data set is however not yet harmonized.
Furthermore, we believe that our study is already quite comprehensive, and the inclu-
sion of additional models for dynamical features is beyond the scope of our manuscript.
(see lines 124 to 129)

3. I have the impression that the ditches are only considered for drainage, while infil-
tration via the ditches can be very important to keep the groundwater table as high as
possible. This could also be (a part) of the explanation of the impact of the total length
of ditches: di len dry (250). Anyway, whether ditch water infiltrates (as in a polder
situation) or not, can also be a strong key variable.

This is true and information on water management, i.e. on whether ditches are used for
drainage only or also for infiltration, could strongly improve model performance. How-
ever, there are no maps on ditch water levels and on the drainage/infiltration situation
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for Germany. This is already discussed in the former manuscript (lines 251 to 262 and
847 to 850).

4. Unconsolidated rock as material at peat base: do you mean sand or clay soil?
There is a major difference in saturated water conductivity of clay and sand, so making
a difference would be very advisable. Note that many readers are not used to the term
“unconsolidated rock”.

We mean ’loose’ unconsolidated rock, like sand and gravel sediments. We made this
more clear. (see lines 272 to 276)

5. The word “ raster” is used. Shouldn’t that be “grid”

Thank you. ’Grid’ is more appropriate.

Page 3866, line 13: influence of grassland is reduced by a factor 0.5: why 0.5? This is
a very strong reduction. My feeling is that this reduction is by far too strong.

We agree that 0.5 is very low. We tested several factors and 0.5 showed to be the
best factor. We think that the strong reduction is caused by the fact that our grassland
category also includes wetter grasslands that cannot be detected with the land cover
catalogue. As discussed in the land cover section, wet grasslands are only separated
by tree and shrub, and ’wet soil’ attributes. Other wet and extensively used grasslands
cannot be detected. In contrast, arable land is certainly dry. The factor 0.5 is thus
partly the result of the large scatter of WL in the grassland category. (see lines 246 to
250)

Furthermore: wouldn’t it be more logic to have grassland as a basis and use a factor >
1 for arable land?

Only the ratios of the weights matter. Whether 0.5 and 1, or 1 and 2 is used makes no
difference. Regarding the logic: As within the ’grassland’ land cover type there are not
only intensive grasslands, it appears more intuitive to us keeping the ’1’ for arable land,
signifying deep drainage.

C2142

Page 3871, line 17: If I remember well, Berglund and Berglund (2011) concluded that
sensitivity of CO2 emissions to WL was very low or not existent. Can this be somehow
in agreement with the relation in fig 3. (Note: In fact I think that the relation in fig. 3 is
OK!). Note that the GHG emissions of thin peat layers and peat layers with on top a
(thin) mineral layer might not be well represented by the relation in fig 3.

We are aware of the experimental observations of Berglund and Berglund (2011). They
observed emissions from lysimeters at two constant water levels. CO2 emissions from
the -40 water level cm lysimeter were even slightly higher than emissions from the
-80 cm water level lysimeter. These results indicate a leveling out of emissions at
approximately -40 cm, which is shallower than shown by fig.3. There are however
other studies which we also cite that indicate still an increase of CO2 emissions at
water levels deeper than -40 cm (e.g., van den Akker et al. 2011, Drösler et al. 2011).
The function of fig. 3 represents an estimated average response shape. In the revised
manuscript we emphasize that we do not include soil property effects, as mineral layers
on top of the peat or thin peat layers, in the response shape (see also discussion above)

Kind regards, Michel Bechtold and co-authors
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Please also note the supplement to this comment:
http://www.hydrol-earth-syst-sci-discuss.net/11/C2138/2014/hessd-11-C2138-2014-
supplement.pdf
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